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Introduction 
Operation ~ith a magnetic divertor . which leads to a zero pola1ds! 

field inside the volume of the discharge vessel (the X- point) has led to 
substantial improvements in confinement time in JET. In this mode the di
verted plasma is conducted to a large number of graphite tiles (X-point 
tiles) near the top of the vessel. The power handling capability of t hese 
tiles limits the maximum additional heating power to the discharge. 

The study of the surface modifications of the X-point tiles of JET is 
therefore of interest both to correlate the magnetic configuration and 
plasma particle and energy fluxes with the surface modifications , and also 
to get information about the erosion and deposition at these wall areas. 

Figure 1 shows the geometry of the X-pOint tiles and the separatrix 
in JET 11/. Two bands of graphite target tiles with scrape off layer im
pinging on the slope of the tiles are shown; the analysis of one such band 
of (four) tiles is described her e. 

Experimental and Results 
The set of four carbon tiles with an area of (540 x 184 x sin700) mm2 

were removed from the vessel wall close to the plasma X-paint of Octant 
VIII b/c. A view of the tiles (as seen from below) and their relative pos
ition to Oct. I and VII as well as to the inner and outer .wall are schem
atica11y shown i n Fig . 2. 

The tiles had been in use in the June 1987 to May 1988 experimental 
period of about 4300 discharges, of which ca. 1000 were X-pOint dischar
ges, and they were removed in May 1988. Carbon strips ·as ind.icated in Fig. 
2 were cut (about 2 mm thick, 8 mm wide) along the lines HH~ KK (from 0 to 
540 mm) and along LL, MM, NN, 00 (from 0 to 184 mm). The tires are ridged, 
so that for strips LL , MM, NN and 00 the surface from 0-92 mm faces the 
electron-drift direction and from 92-184 mm faces the ion-drift direction 
with in each case the point at 92 mm being nearest the plasma centre. The 
strips were analysed each 5mm by nuclear reaction analysis (NRA) using the 
3He (D , p) 4He reaction with 790 keV 3He+-ions in order to determine deuter
ium collected in a surface layer of about 0.5 /um and by proton induced x
ray emission (PIXE) using 1.5 HeV H+ to detect the metals (Ni, Cr , Fe) in 
a surface layer of about 8 /um. 

The results of the NRA and PIXE analysis along line HR are shown i n 
Fig. 3 . The D concentration ranges from a maximum of about 1018 D/cm2 down 
to a minimum of about 1017 D/cm2 at coordinates between eo and 240 mm, 
then reaches a value of about 6 1017 D/cm2 from about 240 to 540 mm. rhe 
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metal (N!, Cr. Fe) concentrat i ons are lower. but they show a la teral 
di stribut ion similar to the D deposi tion. This observation Is similar to 
results of earlier analysis of limiters from JET 12.31 and other plasma 
experiment s 14/. The relative concentrations of Ni, Cr, Fe agree well with 
their concentration in lnconel. 

Figure 4 shows the D and Ni. Cr. Fe concentrations alo ng line HI>! (0 
to 184 mm). The D and metsl deposItions a re much l ower fr om ca. 30 mm to 
the ridge at 92 mm, by factors of 10 to 20. The cut- off at ca. 30 mm 
probably r epresents the shadow cast by the next set of pol a idsl tiles at 
Octant VII I a / b. The 0 and metal depositions are also reduced on the e l
ec tron-drift side of the t iles on slices NN and DO, but by smaller factors 
(ca. 2 and 12, re s pectively), whilst on sl i ce LL there is only a slight 
dec r ease in the level. The results show st r ong erosion on the e l ectron
drift side of t he tUes, centred near the strip MM and t a iling off away 
from this area (e.g. Fig . 3). 

At severat r epresenta tive spo t s the depth profiles of the depos
itions have been measured by SIMS (Secondary I on Mass Spectroscopy) . These 
profiles show tha t t he major part of the de position I s ca rbon with a D 
concentration of ab out 0.4 and a metal concen tration in th e range of 1 %. 
The deposited l aye r s have a t o tal thicknes s mostly 1.5 t o 2 l um and up to 
Slum i n the areas of large deposit i on. With the NRA only a layer of 0 .5 
l um is analysed, and t he total deposition of 0 in the area s of l arge 
deposition Is s factor 3 t o 5 higher , as observed in the SI MS 
measurements. 

A systematic SEM (Secondary Elec tron Microscopy) investigation of the 
cut s trips shows layers of deposi ted material all over the strips . The 
de posited layers appea r t o have suffe r ed erosion, to a large r extent In 
the d o t ted- region, wh e r e low depos itIon was meas ured, to a lesser extent 
in the hatched and c r oss-hatched regions with higher deposi tion as shown 
in Fig . 2. 

Discussion 
From the poloidal and toroidal s t rips of the analysed set of tiles an 

average value of about 3.3 x 1018 D/cm2 for the 0 deposit can be att ribu
ted to these areas, and a 0 inventory 0 - 3 x 10 21 per set of four X- point 
tiles . 

Since there ar e 40 band s of X-paint tiles they contribute 1.2 x 1023 

o atoms to the t otal inventory, which is ca. 4 t imes more than reported 
for tiles exposed in JunelAugust 1987 151 , but perhaps to be expected 
aft e r the vastly increased number of X-point di scharges. 

The much lower l e vels of 0 and metals (ca . 1017 O/cm2 a nd 2 x 1016 

meta l atoms/cm2) on section s of MM ( Fig. 4) are consistent with an area 
where erosion dominates during X- point discharges, but where deposition 
may occur at other times aa observed previously on limiters / 2, 31 and the 
polished visual appearance of t he tile in this region is consisten t with 
thi s hypo t hesi s . It appears, there f ore, tha t t he electron-side sepa ra trix 
intersects the band of tiles in the neighbourhood of s tri p MM , so that NN 
and 00 are deepe r into the SOL and thus receive progressively l ower flux 
of less energetic ions. The pos ition o f the separatrix is known to mov e by 
ca . 150 mm during a single X-point discharge , whi ch agrees well with the 
width of the minimum in D along HH shown in Fig. 3. There will also have 
been some Var i a tion in X-point posit I on f rom shot to shot and during the 
opera tional campaign. 
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At the separstrix strong erosion occur s. Away from the separatrlx , 
i . e. on the ion-drift s ide of the tiles and in the area LL on the elec
tron-drift side. deposition as the dominant mechanism is more evident . The 
deposition levels well away from the separatrix are similar to those ob
served on the sides of limlters. where deposition occurs (ca. 1018 0 cm-2 

and ca. 2 x 1017 Ni cm-2) 12 , 3/. 
By considering codeposition of C and D on the tile surface one fi nds 

on the ave r age C - 0/0 . 4 - 3 . 3 1018 /0 . 4 - 8.2 x 1018 C/cm2, This corres
ponds to an average thickness of about 1.4 fum (ca . 4000 monolayers of C), 
which is also close to the value observed by the SIMS measurements in the 
hatched and cross-hatched regions of Fig . 2. 

Similarly, a deposit of carbon 2 . 5 x 1017 C/cm2 can be calculated on 
the dotted area of low concent ration in Fig . 2 (ca. 100 monolayers of C or 
more). Evidence of erosion (or no erosion) of the graphite substrate at 
the dotted (or the other regions of Fig. 2) cannot be given, therefore, 
strictly speaking, the measured concentrations of 0, Ni, Fe , Cr , and C 
cannot be considered as "net" deposition. 

However, by extrapolating linearly the average ca r bon deposition C -
8.2 x 1018 C/cm2 after 2 x 104 s (1000 discharges x 20 s) to a year oper
ation, an average C deposition of about 1 mm thickness with local varia
tions by a factor 10 is calculated on the surface of the tiles. 

The following 'table summarizes some main results : 

D C Ni 
Average Depositlset of tiles (D/cm2 ) 3. 3 x 1018 8 .2 x 1018 2.0 x 1017 

Total Depos! t (D, C, Ni) 3.0 x 1021 7.7 x 1021 1.. x 1020 

Average Deposit/sec (O/cm2 s) 1.7 x 1014 4.0 x 1014 1.0 x 1013 
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