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Abstract
Divertor tiles after Joint European Torus-ITER like wall (JET-ILW) campaigns and dust
collected after JET-C and JET-ILW operation were examined by a set of complementary
techniques (full combustion and radiography) to determine the total, specific and areal tritium
activities, poloidal tritium distribution in the divertor and the presence of that isotope in
individual dust particles. In the divertor tiles, the majority of tritium is detected in the surface
region and, the areal activities in the ILW divertor are in the 0.5–12 kBq cm−2 range. The
activity in the ILW dust is associated mainly with the presence of carbon particles being a
legacy from the JET-C operation. The total tritium activities show significant differences
between the JET operation with ILW and the earlier phase with the carbon wall (JET-C)
indicating that tritium retention has been significantly decreased in the operation with ILW.
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1. Introduction

Joint European Torus (JET) has been operated since August
2011 with metallic plasma-facing components (PFCs): JET-
ITER like wall (JET-ILW) with beryllium (Be) limiters in the
main chamber and tungsten (W) in the divertor [1]. Successful
operation with the metal wall had a major impact on the
decision regarding materials for PFC in ITER: to elimin-
ate carbon tiles in the divertor, and to start from day 1
with Be and W components [2]. PFC tiles and dust particles
retrieved from JET-ILW are at the centre of comprehens-
ive research carried out since 2014 in European laborator-
ies and in the framework of the Procurement Agreement
of the Broader Approach signed by Japan (JA) and EU.
The emphasis in the cooperation is on further progress in
fusion science and technology, in particular tritium (T) tech-
nology: T analysis methods (understanding and development)
and accountancy in reactor materials, and detailed PFC
characterisation.

The operation of JET-ILW was preceded by 25 years
(1984–2009) of experimental campaigns in JET with carbon
PFC, referred to as JET-C. All aspects regarding subsequent
phases (including a full deuterium–tritium campaign in 1997)
and their impact on PFC morphology and fuel retention are
detailed in [3], while a complete technological and scientific
motivation for the transition to the metal wall is in [1]. It
should also be stressed that both JET-C and JET-ILW plasma
discharges were fuelled with deuterium thus generating some
quantities of tritium through one branch of the D–D reac-
tions. Therefore, the campaigns in JET-ILW facilitate detailed
studies of fuel retention, erosion–deposition processes and
dust generation under conditions relevant for a reactor-class
device, i.e. ITER. They also enable comprehensive compar-
ison between JET-C and JET-ILW in the area plasma–wall
interactions.

Until year 2016 three JET-ILW campaigns have been fully
completed: ILW-1 (2011–2012, input energy of 150 GJ),
ILW-2 (2013–2014, energy 201 GJ) and ILW-3 (2015–2016,
energy 245 GJ) [4]. A significant number of samples from
wall tiles and dust (both from ILW-1 and ILW-3) as well as
dust from JET-C were shipped from JET to the International
Fusion Energy Research Center of QST, Rokkasho, JA. The
study reported below comprised a number of objectives: (i) to
determine T content in the tiles and in dust particles retrieved
after the ILW-1 and ILW-3; (ii) to quantify that isotope in
dust collected from JET-C; (iii) to draw conclusions arising
from comparisons of material properties following the opera-
tion campaigns; (iv) to identify possible sources of errors and
discrepancies.

2. Experimental

The study was carried out on two types of samples: (a)
JET-ILW divertor tiles W-coated carbon-fibre composites
(W/CFCs) after ILW-1 and ILW-3 campaigns; (b) samples

Figure 1. Cross-section of the JET-ILW divertor with marked
position of the samples.

of dust retrieved after the operation in JET-C and then in
ILW-1 and ILW-3. The tiles selected for studies were sectioned
(cut) to obtain samples which could be handled in respective
analytical systems. Tritium analyses were performed bymeans
of radiography using a tritium imaging plate technique (TIPT)
[5, 6], full combustion method (FCM) [7] and liquid scin-
tillation counter (LSC). The identification of individual dust
particles was done using scanning electron microscopy (SEM)
and electron microprobe analyser [8].

2.1. Specimens

2.1.1. Dust. Dust particles removed from the vacuum ves-
sel by a cyclone-type vacuum cleaner after three different
experimental phases in JET have been studied: JET-C oper-
ation in 2007–2009, ILW-1 and ILW-3. Particles in JET-C
were collected from six positions: inner divertor tiles, diver-
tor carrier ribs, outer divertor base tiles, water-cooled louvres
in the remote region (pumping duct) of the inner and outer
divertor [9]. After the ILW campaigns dust was collected
from the inner (tiles 0, 1, 3 and 4) and outer (tiles 5, 6,
7 and 8) divertor tiles [2]; tile 0 acts as a high field gap
closure. In total 280 g was collected in JET-C, while the
amount of dust generated in the presence of metal wall was
very small: around 1 g per ILW campaign [4, 10]. Dust
particles from each location were stored in separate glass
pots.

2.1.2. Divertor tiles. Two sets of 21 samples each were stud-
ied. The cross-section of the JET-ILW divertor with marked
positions of the samples is shown in figure 1. The nota-
tion (e.g. 1–10) denotes tile—sample numbers. Images in
figures 2(a)–(d) show respectively: (a) tile 4 as retrieved
after ILW-1, (b) the same tile after preparation of speci-
mens by coring, (c) the cored disc and, (d) a triangular
sample (approximately 2 mm long edges and 0.5–2 mm
thickness) cut-out from that disc for tritium studies by
FCM.
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Figure 2. Photographs of ILW-1divertor tile 4 and samples
prepared for FCM: (a) divertor tile, (b) cored tile, (c) cored samples
and (d) sample machined for tritium analysis by FCM.

Figure 3. Experimental set-up for tritium measurement using the
full combustion method.

2.2. Enhanced FCM

FCM is a standard technique of tritium analysis to determ-
ine the total amount of T retained in materials [11]. To meas-
ure effectively T removal from dust and PFC tiles, a modi-
fied FCM approach was applied. The experimental set-up is
shown in figure 3. A special feature was the use a tin (Sn)
foil for wrapping specimens of dust and tiles for combus-
tion in the flowing oxygen used both as a carrier gas and the
oxidising agent. Such small packages were then placed on a
ceramic plate in a quartz tube inserted to a ceramic furnace.
The package was heated up to 1200 K with a heating rate of
85 K min−1 and kept at that temperature for 30 min. At the
temperature of 1100–1200 K Sn reacts chemically with oxy-
gen (oxidises) and the temperature rises to about 2100 K [12].
Consequently, the Sn foil and specimens are combusted and
turned into ash remaining on the ceramic plate. The released
tritium in the form of tritiated water (HTO) was trapped in
two water-filled bubblers placed in a series downstream of
the quartz tube. The role of a water bubbler installed before
the tube oven was to humidify oxygen flowing to the heated
sample. After switching-off the oven and cooling down the
quartz tube, the two downstream bubblers were disconnected,
and the released tritium was measured using LSC. In order to
measure T remaining in the quartz tube after heating, another
water-filled bubbler was connected downstream of the quartz
tube in the place of bubblers 1 and 2, and oxygen was passed
through the reactor tube for 30 min. The third bubbler was

Figure 4. Intensity of normalised particle flux dependent on
transmission distance of β–-rays and Bremsstrahlung x-rays for
tritium in (a) W and (b) C targets calculated by the Monte Carlo
method PHITS.

then disconnected, and tritium was measured by LSC. The ash
located on the ceramic plate was also put into the scintillation
cocktail to determine the remaining amount of that isotope.

The normalisation of the FCM tritium data is presented in
terms of specific tritium activity (kBq g−1) Asp(T) and areal
tritiumAa(T) (kBq cm−2) depending on the samples discussed.

2.3. Measurements with TIPT

Figure 4 shows the attenuation of the ß− particles and x-
rays intensity with depth in W and C, as calculated by Monte
Carlo particle transport simulation code ‘Features of Particle
and Heavy Ion Transport Code System (PHITS)’ [13]. In the
PHITS simulation of the β–-ray range, the DECDC76 nuclear
decay database (equivalent to ICRP107) is used to obtain the
energy of tritium β–-ray spectra. The horizontal axis shows the
distance from the source of T, and the vertical axis shows the
intensity of the particle flux. The range of β− is very short: the
decrease to 1% in W is within 0.167 µm, and even in C it is
only 1.2 µm. The range of bremsstrahlung x-ray induced by
T is longer than that of β–-rays, and the distance of decay to
1% in W is 2 µm, while in C it is 64 µm. TIPT can then trace
T present on the surface region of those depths. Table 1 sum-
marises the attenuation of the particle flux and the transmission
distance. TIPT(X) is superior to TIPT(ß−) for measuring the
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Table 1. Relation between particle transmission distance and transmittance calculated by the Monte Carlo method.

Transmission distance from the source
where the particle flux decreases to

β–-ray in
W µm−1

Bremsstrahlung
x-ray in W µm−1

β–-ray in
C µm−1

Bremsstrahlung
x-ray in C µm−1

50% 0.012 0.085 0.049 1.31
10% 0.067 0.411 0.42 11.4
1% 0.167 2.07 1.21 136
0.1% 0.269 6.39 1.96 –a

0.01% 0.366 12.7 2.58 –a

a The escape depth is so deep that it cannot be calculated with the same precision as other calculations.

distribution of T produced by the DD reaction. The conversion
efficiency from β–-rays to bremsstrahlung is only 0.4%, thus
indicating that the TIPT(ß−) method is sensitive.

Two types of imaging plates (IPs) were used. One is BAS-
TR type (Fujifilm, Japan). This type of IP has 50 µm-thick
phosphor coating without any protection layer and sensitive to
low energy (⩽18.6 keV) β–-rays from T. The other is BAS-MS
type (Fujifilm, Japan) having 115 µm-thick phosphor layers
covered by 9 µm-thick plastic layer for protection of hygro-
scopic phosphor. The latter was used to examine the intensity
of x-rays induced by β–-rays from T. In contrast to BAS-TR,
BAS-MS is insensitive to β–-rays from T because the β–-rays
are fully attenuated in the plastic protection layer. From the
equation proposed by Katz and Penfold (equation (8) in [14]),
the escape depths of β–-rays inW, Be and BeO were evaluated
to be 0.3, 3 and 2 µm, respectively. The x-ray spectra induced
by β–-rays cover the energy range up to 10 keV. From the mass
attenuation coefficients for W, Be and O, the escape depth of
5 keV x-rays was evaluated to be 2 µm in W, 2800 µm in Be
and 280µm inBeO.Here, the escape depth is defined asmater-
ial thickness by which the intensity of x-rays is attenuated to
1/10. The β–-rays IP (BAS-TR) is suitable to evaluate distribu-
tions of T on/near the surface of tiles such as T retained in the
co-deposits. The x-ray IP was used to study the distribution of
T retained in the deeper regions of the tiles.

2.4. Tritium measurement in dust by TIPT combined with
SEM/EPMA

A tiny amount of dust was taken from the pot and gently placed
on the surface of an indium (In) disc. The advantage of using
such substrate is a negligible intensity of background carbon,
while most types of adhesive tapes used to attach samples
for analysis include carbon [15]. Tritium retained in the dust
particles was assessed by TIPT with the spatial resolution of
25 µm [16, 17]. The emission of β–-rays from T to the IP
was measured over the whole surface of the In disc for 1 h at
room temperature. Afterwards scanning electron microscope
(SEM) and electron probe micro analyzer (EPMA) were con-
ducted to determine morphology (composition and structure)
of particles on the same surface area where the TIPT was used.
EPMA with a 10 keV electron beam gives information on
the elemental composition with a spatial resolution of around
1µm. Individual dust particles were separately analysed.Maps
(images) of T distribution and elemental composition were

Figure 5. T contents in dust from the louvres and the outer divertor
base in JET-C measured by FCM.

super-imposed to reveal characteristic features of T retention
in the individual particles. Software FIZI was used for image
analysis [18].

3. Results

3.1. Tritium in dust

Specific tritium activities, Asp(T), in dust were determined by
FCM enhanced by the heat of Sn oxidation. A histogram in
figure 5 shows the amount of T captured in the two bubblers
after combusting the JET-C dust collected from the louvres and
the outer divertor base. Results are also shown for the remain-
ing amount of T removed by flowing gas through the reactor
tube after the combustion, and for T remaining in the ash; the
vertical axis is logarithmic. More than 99% of T removed by
combustion was captured in the first bubbler. In both samples
of dust, the amount of tritium captured in the second bub-
bler was less than 0.1% that absorbed in the first bubbler. The
amounts of T remaining in a reactor tube after FCM and in
the ash were four and seven orders of magnitude lower than
that in the 1st bubbler, respectively. Tritium leakage from the
reactor during the combustion was monitored using an ionisa-
tion chamber; no leakage was detected. It clearly shows that
the total T content in the specimens could be effectively meas-
ured by the enhanced FCM.

Tritium retention data determined by FCM in dust particles
from JET-C, ILW-1 and ILW-3 are in figure 6 showing Asp(T)
values and in table 2 where the total activities are also
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Figure 6. Specific T activities in dust from JET-C, ILW-1 and ILW-3 measured by FCM [7]. Reprinted from [7], Copyright (2020), with
permission from Elsevier.

Table 2. Tritium in dust from JET-C, ILW-1 and ILW-3 measured by FCM.

Campaign Area Collected amount (g) Specific T activity (MBq g−1) Total T activity (MBq)

JET-C

Inner divertor 110.1 5 550
Inner and outer louvres 99.4 2633 261 720
Outer divertor tiles and base carrier 51.4 106 5448
Carrier ribs 19.3 70 1351

Total 280.2 269 069

ILW-1
Inner divertor tiles 0.27 748 202.0
Outer divertor tiles 0.77 6 4.6

Total 1.04 206.6

ILW-3
Inner divertor tiles 0.50 55 27.5
Outer divertor tiles 0.36 36 13.0

Total 0.86 40.5

calculated taking into account the amount of dust retrieved
after respective campaigns. The amounts retrieved after ILW-
1 and ILW-3 are over two orders of magnitude smaller than
that from JET-C: around 1 g per ILW campaign versus 280 g
in JET-C. The specific tritium activities for JET-C and ILW
are similar: 5–2600 MBq g−1 for JET-C and 6–750 MBq g−1

after ILW campaigns. At the same time, the total activities dif-
fer significantly: 270 GBq after JET-C down to 0.2 GBq after
ILW-1 and, only 0.04 GBq after ILW-3. This difference is due
to the much lower quantities of dust generated with the metal-
lic wall than in the C surrounding.

The reason for such high specific activity (750 MBq g−1)
in the ILW-1 inner divertor sample was identified by detailed
examination of individual dust particles. Figure 7(a) shows
morphological differences between dust particles on the In
disc. The result was obtained by combining SEM images and
EPM analysis. The location of C-, Be-, W-dominated dust

particles and also oxygen-rich objects was traced and identi-
fied over the whole surface. Very few Be- andW-rich particles
were found in comparison to the C-dominated grains thus
indicating that the generation rate of metal particles during the
ILW operation was insignificant.

Figure 7(b) is the IP-recorded distribution of T intensity on
the disc surface. Colours from light blue to red indicate the
increasing tritium amount, while the dark blue denotes the sur-
face where T is below the detection limit. Different amounts
of T retained in individual dust particles can be inferred. In
order to determine which type of particles retain T, the res-
ults of elemental EPM analysis, figure 7(a), and tritium dis-
tribution, figure 7(b), are super-imposed in figure 7(c). Areas
with the T presence are identified and two additional facts
are immediately noticed: (i) not all dust particles retain tri-
tium; (ii) T is found at locations where dust particles were not
identified with EPMA recorded with the resolution of 20 µm.
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Figure 7. (a) SEM/EPMA image showing the composition of dust particles. Small circles with superscript labels indicate the location and
composition ( C: carbon, O: oxygen, Be: beryllium, and W: tungsten) of dust particles. (b) IP image showing tritium distribution
on the In disc, (c) imposed image of (a) with (b) [8]. Reprinted from [8], Copyright (2018), with permission from Elsevier.

Over 60% of the C-dominated and around 88% of metal-
rich particles do not contain tritium. The presence of particles
without T is most likely associated with debris originally loc-
ated on surfaces remote from the plasma (e.g. C grains released
from the bottom of W/CFC tiles during their installation), or
strongly heated particles fromwhich fuel was desorbed by dir-
ect plasma impact on loose dust or at the tile surface. Elemental
analysis also indicates the contamination of dust by aluminium
(Al) originating either from the remotely handled robot dur-
ing in-vessel operations [19] or during sample collection and
preparation for analysis. It is stressed again that the number
of Be-, W-dominated, and metal oxide dust particles retaining
T was very small. In summary, more than 85% of particles
retaining tritium were the C-dominated ones. Therefore, it is
clearly shown (like in [8, 9]) that T in the ILW dust is mainly
associated with the remaining C particles, not with Be and W.
The same result was also obtained in studies of deuterium in
dust from JET-ILW [20].

3.2. Tritium in divertor tiles

3.2.1. Tritium depth distribution. The ILW-3 tiles were sliced
parallel to the surface in order to examine the in-depth tritium
distribution. The T amount wasmeasured in all sliced samples.
The results are shown in figure 8. On the horizontal axis the
thickness of the sliced tiles is given, while Asp(T) values are
on the vertical axis. Samples 1–6, 4–10 and 6–2 were sliced
about 1 mm from the surface and sample 8–8 was sliced about
0.5 mm from the surface. Most tritium has been found in the
topmost surface layer, while only small amounts have been
detected in the second and subsequent slices. This demon-
strates that the distribution of T in JET divertor samples is
concentrated at the surface. The detection of T at the deeper
depth is significantly lower than the plasma facing surface and
may be related to the diffusion of hydrogen isotopes into CFC
[21–23], but also to the contamination of respective samples
during sectioning [23] is to be taken into account. At this point

Figure 8. Specific tritium activities determined by FCM in sliced
samples from tiles after ILW-3.

it is impossible to address definitely the contribution of the two
options. In summary, the results from the sliced samples show
that the distribution of T in JET divertor tiles is highly non-
uniform with the highest concentrations at the plasma facing
surface and significantly lower concentrations in the CFC sub-
strate. This non-uniformity has a direct impact on the assess-
ment of Asp(T) values as differing mass of substrate material
can bias the reported value. For this reason the areal activity
(Aa(T)) is considered for the interpretation of the T activity
data presented on divertor samples.

3.2.2. Tritium activity: poloidal distribution. Histograms in
figure 9 show the poloidal distribution of Aa(T) determined
by FCM in the ILW-1 and ILW-3 samples. The values fluctu-
ate from sample-to-sample but remain within similar ranges
for ILW1 and ILW-3: 1–10 kBq cm−2 (ILW-1) and 0.5–
13 kBq cm−2 (ILW-3). However, the T amounts generated
by DD reactions in ILW-1 and ILW-3 were different: respect-
ively around 15 GBq and 40 GBq, as could be inferred from
the neutron generation rates in both campaigns. This signi-
ficant difference by a factor of 2.5 between the campaigns

6
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Figure 9. Areal T activities in tiles after ILW-1 and ILW-3 measured by FCM.

is not reflected by the determined Aa(T) values. It may be
connected with an additional source of tritium, i.e. off-gas
in-vessel from the first deuterium–tritium experiment in JET
(DTE1) in 1997 [3, 24]. In-vessel off-gassing cannot be dir-
ectly quantified though that process might significantly con-
tribute to the results after ILW-1 and ILW-3 if the amount of
released tritium exceeded the production of T from DD reac-
tion in the ILW operation. In addition, the inner and outer
divertor legs within each operating period are within sim-
ilar ranges. Such similarities of retention in the two diver-
tor legs were not observed for deuterium (D) measured by
nuclear reaction analysis and thermal desorption. The D con-
tent was an order of magnitude lower on the outer divertor
(tiles 7 and 8) compared with the top of the inner leg (tile
1) [25–27]. The differences in the D and T retention patterns
in the divertor point to different mechanisms underlying the
retention of both isotopes. Deuterium retention is driven by
co-deposition (surface process), while high energy tritons are
implanted into the subsurface region. From the SRIM calcu-
lation, the maximum ranges of 1 MeV tritons produced by
the DD reaction in W and C are about 4 µm and 12 µm,
respectively.

3.2.3. Tritium in the surface region. Figure 10 shows results
obtained with TIPT for both ILW-1 and ILW-3. The images of
cored samples show the tritium distribution on the tiles. The
colours reflect the intensity of tritium decay β−-rays escap-
ing from the depth of a few micrometres, as shown by the
reference ‘ART-123’ in the figure. The data reveal that larger
amounts of T accumulated on the inner vertical divertor tiles,
than on the outer ones, both after ILW-1 and ILW-3. However,
the area with noticeable T content is expanded downwards in
the ILW-3 case. The intensity is the highest for sample 4–10
(ILW-1) located in the inner divertor inside the pumping duct,
i.e. in the region shadowed from the direct plasma line-of-
sight. This result can be associated with the presence of tri-
tiated carbon co-deposit, i.e. legacy after JET-C. Other differ-
ences in the T distribution on tiles 4 and 6 can be attributed
to the different positions of the typical divertor strike points in
the two campaigns, as marked in figure 10 with green and blue
lines.

Figure 10. TIPT results of cored samples in ILW-1 and ILW-3, and
for a reference T sample. Positions of cored samples are shown in a
poloidal cross-section in which left-hand side is the torus inboard
side. Coloured lines show the positions of the separatrix in three
typical configurations, ILW-1 predominantly green, ILW-2 and 3
green and predominantly blue [6]. Reproduced from [6]. CC BY 4.0.

Histograms in figure 11 show in detail photo-stimulated
luminescence (PSL) intensities per unit area and time for x-
rays and β−-rays recorded with TIPT. Sample 6–9 (ILW-3)
could not be measured by IP because it was already used for
another experiment. Two main features are noticed: (i) greater
PSL values (i.e. greater T content) after ILW-3 than after the
first campaign; (ii) greater T content in the inner divertor than
in the outer one, especially after ILW-3.

The reason for the differences between the T distribution
measured by FCM (figure 9) and TIPT (figure 11) is that with
FCM one determines T concentration taking into account T in
the entire sample, while TIPT measures T distribution at much
smaller depth. Torikai et almeasured the tritium depth profiles
of JET Mark IIA type divertor tiles from JET-C by the β−-
ray-induced x-ray spectrometry [28]. The results have shown
low T concentration in the very surface layer and high con-
tent in the deeper layers. The difference was attributed to the
formation of a deposition layer on the surface or the desorp-
tion of tritium from the surface due to plasma heating. In sum-
mary, TIPT is better for visualisation of tritium distribution,
but measurements of the total T amount in tiles should be done
by FCM.
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Figure 11. Poloidal distribution of photoluminescence intensities of x-ray and β−-radiation measured with TIPT for ILW-1 and ILW-3
divertor samples. Note difference in PSL scale between TIPT(X) and TIPT(β) [6]. Reproduced from [6]. CC BY 4.0.

Table 3. Total tritium amount in ILW-1 and ILW-3.

Tile number
Average T conc.

(Bq cm−2)
Surface

area (cm2)
T amount
(MBq)

Total number of tiles
in vessel (block)

Total T
(MBq)

Total T atoms
(particle)

ILW-1

1 3395 270 0.92 96 88 4.94 × 10+16

3 2671 540 1.44 48 69 3.88 × 10+16

4 2803 320 0.90 96 86 4.83 × 10+16

6 4809 340 1.64 96 157 8.81 × 10+16

7 2373 640 1.52 48 73 4.09 × 10+16

8 5140 350 1.80 96 173 9.69 × 10+16

Sum 8.22 646 3.62 × 10+17

ILW-3

1 6549 270 1.77 96 170 9.52 × 10+16

3 5008 540 2.70 48 130 7.28 × 10+16

4 2381 320 0.76 96 73 4.10 × 10+16

6 5355 340 1.82 96 175 9.81 × 10+16

7 928 640 0.59 48 29 1.60 × 10+16

8 4033 350 1.41 96 136 7.60 × 10+16

Sum 9.06 713 3.99 × 10+17

4. Discussion

A comparison of Asp(T) in the ILW tiles (figure 8) and dust
(figure 6 and table 1) clearly indicates that the values in dust
are three to five orders of magnitude greater than those in the
tiles. However, it is stressed that the dust collected after the
ILW operation is composed to much extent of carbon, there-
fore the Asp(T) level of dust is similar to that in JET-C. The
C dust in ILW is most probably a legacy from the JET-C
operation. The crucial result is that the total amount of ILW
dust is much smaller than the amount retrieved from JET-
C and, the amount of non-carbon dust in ILW dust is even
smaller [4, 20]. It clearly indicates that the actual amount of

dust generated in ILW operations is even much smaller than
the total of approximately 1 g retrieved by vacuum cleaning.
The operation with the metallic wall drastically reduced the
dust generation rate and, in a consequence, the total T amount
retained in particles was also reduced. Therefore, it is demon-
strated that the operation with the JET-ILW (three campaigns,
62 h) led to a significant reduction of dust generation thus
effectively reducing the amount and activity of tritiated dust
in the reactor.

Table 3 summarises the average T contents in the 2 mm
thick samples from the analysed ILW divertor tiles (figure 9).
The surface area of each type of tile, the T amount calculated
from the surface area and T concentration on each tile, the
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number of respective tile in the vacuum vessel, and the total
amount of T are given. The T content inmost ILW tiles is about
1MB, while 3MBq is themaximum value. From the T amount
in each tile and the number of respective tiles in the JET
vacuum vessel, the T content in the divertor after ILW-1 and
ILW-3 campaigns could be assessed at the level of 713 MBq
and 646 MBq, respectively. The generated T amounts by DD
reactions in ILW-1 and ILW-3 were approximately 15 GBq
and 40 GBq. Therefore, the amounts based on the FCM results
correspond to 4.8% and 1.6% of the total T generation in ILW-
1 and ILW-3 operations, respectively. These values are higher
than the deuterium retention determined after ILW-1 and ILW-
3: 0.2% of the injected deuterium fuel [25, 27]. This may be
due to the implantation of 1 MeV tritons from DD reaction.
However, if an additional off-gassing source of T from DTE1
is taken into account the actual T retention rate in ILW could
be lower.

5. Concluding remarks

The main contribution of this work to fuel retention stud-
ies is the integrated approach to tritium determination in
dust and divertor tiles after three distinct periods of JET
operation. Due to the use of full combustion and imaging
techniques it could be shown that the T presence in dust
collected from JET-ILW is predominantly connected with
carbon particles being a legacy after the JET-C operation,
while the retention in Be- and W-based particles is minor.
Radiography and FCMs have also provided a comprehens-
ive picture on the amount and distribution of T in the divertor
tiles. This has facilitated a comparison between the T retention
and the total T generation in DD reactions during respect-
ive campaigns. The quantification of T inventories of diver-
tor samples by full combustion reveal similar areal activit-
ies at the inner and outer divertor legs. This is a result of
implantation of 1 MeV tritons as the main retention mech-
anism. Finally, the development of research methodology and
gathered laboratory experience will be crucial in future stud-
ies of materials retrieved after full D–T campaigns in fusion
devices.
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Berry M., Burford M., Collins S. and Macheta P. 2020
Search for mobilized dust .during operations with
equipment for remote handling in JET with ITER-like wall
Phys. Scr. 2020 014048

9

https://orcid.org/0000-0003-0161-0938
https://orcid.org/0000-0003-0161-0938
https://orcid.org/0000-0002-3744-2481
https://orcid.org/0000-0002-3744-2481
https://orcid.org/0000-0001-5084-5931
https://orcid.org/0000-0001-5084-5931
https://orcid.org/0000-0002-6805-8853
https://orcid.org/0000-0002-6805-8853
https://orcid.org/0000-0001-9901-6296
https://orcid.org/0000-0001-9901-6296
https://doi.org/10.1016/j.jnucmat.2013.01.282
https://doi.org/10.1016/j.jnucmat.2013.01.282
https://doi.org/10.1016/j.fusengdes.2014.01.055
https://doi.org/10.1016/j.fusengdes.2014.01.055
https://doi.org/10.1016/j.fusengdes.2018.10.002
https://doi.org/10.1016/j.fusengdes.2018.10.002
https://doi.org/10.1016/j.fusengdes.2018.03.027
https://doi.org/10.1016/j.fusengdes.2018.03.027
https://doi.org/10.1016/j.nme.2019.01.001
https://doi.org/10.1016/j.nme.2019.01.001
https://doi.org/10.1016/j.nme.2021.100930
https://doi.org/10.1016/j.nme.2021.100930
https://doi.org/10.1016/j.nme.2019.100673
https://doi.org/10.1016/j.nme.2019.100673
https://doi.org/10.1016/j.nme.2018.11.001
https://doi.org/10.1016/j.nme.2018.11.001
https://doi.org/10.1016/j.jnucmat.2013.01.179
https://doi.org/10.1016/j.jnucmat.2013.01.179
https://doi.org/10.1016/j.nme.2021.100994
https://doi.org/10.1016/j.nme.2021.100994
https://doi.org/10.1080/00223131.2017.1419890
https://doi.org/10.1080/00223131.2017.1419890
https://doi.org/10.1103/RevModPhys.24.28
https://doi.org/10.1103/RevModPhys.24.28
https://doi.org/10.1016/j.jnucmat.2013.01.139
https://doi.org/10.1016/j.jnucmat.2013.01.139
https://doi.org/10.2320/matertrans.M2017175
https://doi.org/10.2320/matertrans.M2017175
https://doi.org/10.1088/0031-8949/T167/1/014010
https://doi.org/10.1088/0031-8949/T167/1/014010
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1088/1402-4896/ab4fcf
https://doi.org/10.1088/1402-4896/ab4fcf


Nucl. Fusion 64 (2024) 016032 Y. Torikai et al
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