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INTRODUCTION 

Carbon is the major impurity in the JET plasma , and may limit the 
ultimate temperatures and dens it ies obtai ned . To understand the carbon 
levels observed it is important to assess the production mechanisms at 
the Ilmiters and walls , and transport in the plasma . This paper 
describes studies of carbon erosion and deposit i on a~ ~he carbon liml~ers 
in J ET in 1986 , performed by marker eXperitDen~s. The pattern of erosion 
from and depos ition observed on the limiters represent a starting point 
for impurity transport calculat i ons and are also important for " 
predictions about erosion in future plasma machines with higher 
temperatures and larger pulses . 

EXPERIMENTAL 

Before the 1986 operations a carbon limiter tile was implanted with ,JC 
at 1 .11 MeV to a mean depth of - 2 ~m at a number of points on the 
surface facing the plasma. The " shape of the limiter tile was also 
accurately measured using a coordinate measuring machine to show up 
larger changes in dimenSions ()a few microns). The limiter tile was 
placed adjacent to t he plasma midplane on the limiter in octant 1 D. 
Altogether there were eight limiters in oper ation for a l most all 3200 
discharges of the 1986 campaign , the limiters bei ng effectively 12mm in 
front of the protection ~iles of the three R~ an~ennae. 

Whiie ~he investiga~ion of limi~er erosion can only give a global result 
af~er many discharges , erosion in one discharge was also inves~iga~ed 

with a special limiter probe which was also implan~ed with "C , however 
at ilOkeV (O .l lJm mean Qep~h) . The limiter probe was a 50mm diame~er 

cylinder of POCO graphite mounted on one of the manipulators of the Fast 
Transfer System (FTS) which allows samples to be inserted into the shadow 
of the limiterg just above the outer midplane of the vessel (in Octant 7) 
(fig. la) . From this pOSition , the probe has a short connection length on 
the electron drift side of -2 . 5m to a graphite limiter in octant 60 , 
whilst on its ion-drift side it has a long connection length of either 
-25m to the inner wall or -55m to a limi ter , depending on the size of the 
plasma. 

After exposure the limiter tile and the p~obe were analysed by Secondary 
Ion Mass Spectroscopy (SIMS) to determl ne the depth or the ,1 C marker . 
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In dddition nuc;1eat' rea ction t.echnHtues were used l O measure deuter i um , 
dnd Rutherford oaCk:;~;l tter i ng (RBS) a:1d Proton I nduced X-ray Emls:5ion 
(PIX~) were used to determine metallic deposits . 

R~SULTS AND DISCUSS ION 

On I.he limiter t il e the , le marker ildU disappeared in the cen Lf'",l part , 
whil e it ~ould still be de t ec t ed on the ede;es . On Lne i on dnft side ' 'c 
was discov ered 22 )Jm benea t h the sLrface , being co vered by a depo5ited 
layer o f , le contain ing o f the order of 0 . 5% !h impurity -Jnd sevt!ra l per 
cent o f hydroge n iso t opes (s% H. 1% D) . On tile electron (]rir t side even 
hea v ier' depos iti on was observed with some flakLng o f the depo:;it : flake 
thicknesse:;; "'e t'e about lOO )Jm . This is co ns i stent witn the phy~ical 

measu r e me nl: of the limiter tile (Fig . 2) . It ~hows that ove r the centra.l 
region of the til.e ero~ion of over 200~ m occurred . Fig . 2 includes the 
r es ult s from thr ee scans across the tile , eacn o f wh ich gives a similar 
pl'of1le . Three tiles of another limiter hav e also been measw'ed yielding 
s imi lar depthS of erosion . Computer calc\.ilatiorl s of erosion and 
redepositlon on lim iter surfaces predict lar~e erosion a nd r ede pos ition 
( ' ) . Howe ver , the net. changes appear to be small , so that the 200 IJ m 
observed here may only be a small fraction of the total erosion . 

The eros ion of the limiter tile IS 
the resuit o f abou t 3200 discharges 
including many different modes of 
operation and other even t s such as 
glow discharge cle a ni n g a nd 
d is r'uptions . I n o rder' to determi ne 
the erosion and deposi t1on during a 
well-defined discharge the special 
probe was exposed using the FTS . 
The probe was I nserted to withi n 
10mm of the last closed surface for 
two identical 5MA shots with 5 secs 
flat tops : a section of this li mite r 
probe is S!lOwn 1n Fig . lb. The 
surface at ali poi nt s on the section 
of the prObe marked in Fig . Ib with 
circles was a nalysed for D, Ni and 
Cr by nuclear techniques , and points 
also ma rk ed with squares were 
pro fll ed wit h Secondary Ion !-1ass 
Spect "o sco py (S IMS) to 
loo k for the I l e marker , and study 
the d ep th distribution or other 
elements . The probe s hows a similar 
e r osion pa ttern to that at the ma i n 
Limiter . At points furthest rrom the 
plasma the marker was present at a 
depth larger than prior to exposure , 
whil e nearer the plasma 
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fig . 1 (a) Relative positions or 
c omponents in the J~T vessel . 
( b ) Geomet r y or the lim iter probe . 
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the markers could not be detected . However, at the surface tangential to 
the field lines ,' c was detected bu t in a somewha t modified distribution . 
F'1g.3 shows the resules o f the nuclear analyses of the probe. for each 
analysis point the areal e lemental concentration is pl otted against the 
distance from the plasma . taking into account the angle between the 
surface normal and magnetic field lines . Large fluences of deuterium are 
observed of up to 10'· atoms cm- i

, disregardi ng the anomaly at the centre 
which i s due to the angle correction . The Ni a nd er are plasma 
impurities and on the ion side are in to t al about D.5S of the collected 
deuterium . The amounts collec ted on the electron-drift side are 
co nsiderably less , probably due to the shorter connection length . From 
the l arge amount of 0 obse rved even 1n the eroded regions it has t o be 
assumed that after erosion , codeposlti on of ca rbon and deuterium plus 
hydrogen occurred in a la t er phase of the d i scha r ge . A trapped 0 fluence 
of 8 x 10' " atoms cm- :Z cannot be due to ion im plantati on (2) at a plasma 
edge temperature of about 100-200 eV (J) , but ind i ca t es a deposited layer 
of about 0 . 2 ~m of satur ated ca r bon ( ~ ) . 

CONCLUS I ONS 

The JET lirniters show both large amounts of erosion and depOSition , 
according to the prox imi ty to the plasma. Close to t r.e plasma - 200 ~m 

have been eroded in 1986 , correspondi ng to about 60 nm (net) per 
discharge . whilst a few centimetres from the plasma up to 100 ~m nas been 
depos ited onto the or ig inal s urface : this Is t he cumulative resul t o f 
exposure throughout the 1986 campaign . 

The limi ter probe was exposed to just twO identical 5 MA discharges t o 
show what happens at the llmiter on a much shorter timescale . It lS 
f ound t ha t erosion and deposition patterns are very similar to the main 
llmi ters in t hat erosion o f > 0 . 1 ~ m occu r s near the plasma edge , and 
deposit i o n occurs a few centimeters away from the edge . However. there 
is also as much depOSi tion on the surface 1n the eroded zone ~ s 

elsewh e re : this must occur in a later part Qf the d i Scharl:\:e . It is 
therefore necessary to inv es ti gate this on a smaller time scale , so that 
one can ascertain within a s ingle dIscharge when erosion and deposi ti on 
occur . 

Globally , one finds that most of the carbon from t he liroiters (and from 
the inner wall ) \5 deposited on the sides of the limiters and on the RF 
antennae , wh ilst a relatively thin layer of carbon (witl1 ~ome 

co-depOSi ted 0 a nd H, and a low concentration of me t als) cover::; the 
vessel wall s . Th!:3 layer was not maintained on the i nner half o f the 
vessel i n 1985 , and carbon i satlon was fo und to r~duce toe met :lllic 
impurities in th~ plasma . However, the thin layer of carbon on the 
ve:::;se l '~all in 1986 may Simulate an all-carbon wa ll in JET , expl,liO!nl 
the low metal conr,entr3tions fou nd in the pLasma . 
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Pig. 2 Topographica l changes in a limlter tile a f ter use in 1986 . 
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Fig . J Nuclear analysis of the lim i ter probe . 
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