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ABSTRACT.

Analytical results of a complete JET cryopump regeneration, including the nitrogen panel, follow-

gas. H/D mixtures and impurities such as nitrogen and neon were injected during plasma operation 

in the vessel to study radiation cooling in the scrape-off-layer and divertor region. The global gas 

inventory over the campaign is incomplete, suggesting residual volatile impurities are remaining 

on the cryogenic panel. This paper presents results on a) residual deuterium on the panel which is 

1. INTRODUCTION

During the 2010 shutdown all JET Plasma-Facing Components (PFCs) made of Carbon- Fibre 

of plasma-wall interaction such as plasma compatibility of the tungsten divertor and fuel retention 

PFCs, impurity seeding is used to mitigate the divertor heat load by radiation cooling. The radiation 

cooling can be induced by a combination of high recycling and seeding of impurities such as noble 

gases or nitrogen which has a radiation potential optimised for the temperatures in the divertor. A 

critical issue with the usage of nitrogen in a metallic environment is the formation of nitrides and 

of nitrogen on the PFCs and in particular on the production of chemical reactive species such as 

ammonia (NQ3, Q
 
=

 
H,D) in the gas exhaust [1,2].

2. JET PUMPED DIVERTOR CRYOPUMP REGENERATION 

-

drogen isotopes and impurities injected or generated during plasma operations are primarily pumped 

2

when the D2 inventory limit of 30000 Pam
3

2 

panel only was regenerated once at the end of the experimental campaign in order not to compro-

2

regeneration at the end of the JET-C operation, but collecting only one month of JET operation 



2

can be made.

2.1 LIQUID HELIUM PANEL REGENERATION

At the end of the last day of plasma operation completing a period of 151 identical H-plasmas 

of 15 hours for the PFCs (vacuum valve closed to Neutral beam boxes and already warmed-up to 

accumulation time of one day of operation (10 discharges), gradually warmed up and the released 

gas which passed through the torus vessel and was mechanically turbo pumped via the horizontal 

its side employed in addition a mechanical pump to collect the released gas in a reservoir and per-

formed Pressure-Volume-Temperature-concentration (PVT-c) analyses. The 2210 Pam
3

2 2 2 2, 

case of N2 2. 

2.2 LIQUID NITROGEN PANEL REGENERATION

2 seeding 

experiments were observed by divertor spectrometer system as described in [5] which could indicate 

ammonia formation via plasma /surface reactions [1]. No such ammonia in plasma formation but 

CN production by surface interaction was observed in JET-C experiments due to surface interac-

2 panel together with water 

which origin mostly through D2 glow discharge operation (100h) but also from the initial pump 
–5

 Pam
3

mixing-up NQ3 and water and the possibility to create corrosive ammonium hydroxide which will 

gas was collected in separate volumes. NQ3 which has a lower boiling point than water is expected 

2 2 panel-temperature 

2

3
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3. Gas Chromatograph and RGA analyses 

3.1 METHANE AND HIGHER HYDROCARBONS

Hydrogen isotope species, molecular nitrogen, air components, carbon oxides, methane and long-

2 panel in 

2 2

Figure 1. This indicated that a large fraction of the initially observed methane is resulting from the 

data were recorded long after a major installation of new wall components with a well conditioned 

might be related to cleaning substrates (oil).

3.2 AMMONIA AND WATER ANALYSES 

-

and water due to their high polarity and corrosive attribute in the case of NQ3

3 could be obtained on the 

 
=

 

explanation of the above observation could be that the 500ppm NH3 concentration is too low and 

the ammonia gets entirely adsorbed onto the surfaces. Ammonia is prone to adsorb onto surfaces 

especially in combination with water as water exacerbates adsorption of ammonium onto internal 

surfaces. The ammonia standard gas cylinder was connected to the analytical system via a 2m long 

2

for the presence of ammonia and water is that the humidity sensor installed in the sampling line 

2 panel and could be 

water and ammonia. 
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3.3 RGA ANALYSES 

2

the main horizontal pump duct of the JET vessel in front of the torus exhaust turbo pump leading 

of m/z
 
=

 
1–100 amu and have shown slightly different signals which is plausible considering the 

different instrument type and installation position. Additionally adsorption and re-adsorption from 
3 3

) during the pumping process transferring the gas to 

2 panel and might indicate 

the presence of deuterated water and deuterated ammonia. Methane can be neglected due to low 

-
st
 gas collection), the 

strongest candidate is 
15

ND3 following a 
15

N2 seeding trace experiment at the beginning of the two 
15

N2 
 
=

 
21 and m/

z= 20 is considered to be an effective way to distinguish ammonia (
15

ND3) from the other species 
 
=

 

st

water (2
nd

N2 seeding plasma operation [9]. 
 
=

 
2) and m/z

 
=

 
2

2 and N2 2 panel 

sample. This indicates that Q2 and N2

2 surfaces possibly via cryosorption on frost formation. Therefore 

the Q2 and N2 2 panel has to be included in future gas balance calculations. The 

total amount of retained D2 2

amount of D2 2 glow 

discharge not included). The panel released 110 Pam
3
 N2

3
 of 

15
N2 N2+

15
N2) was injected.

4. SUMMARY
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which origin mostly through D2 glow discharge operation (100h) but also from the initial pump 
–5

 Pam
3

seen a low signal on m/z=21 amu which indicates 
15

ND3 presence. The comparison between the 

partial pressures of m/z= 21 and m/z= 20 is an effective way to distinguish ammonia (
15

ND3) from 

the other species populating m/z= 20. 

2 2

110 Pam
3
 N2 -

3

set-up and calibration of pressure gauges close to the JET cryopump and (iv) slower warm-up of 

An upgrade/calibration of the present JET analytical system is foreseen for the next experimental 

campaign. 
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Figure 3:  RGA1, m/z= 20/21 amu

Figure 1: Methane decrease with ILW                                     Figure 2: GC chromatogram of 1
st
 gas batch
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