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Surface materials considerations have been made to support the
Impurity Control and First Wall Engineering task in the INTOR. They
focussed on low-Z material candidates including C{(graphite), SiC and
TiC. Properties considered are listed in the following:

1) Physical Sputtering

2) Chemical Sputtering

3) Arcing

4) H/He Retention/Release

5) Redeposited Materials Characteristics
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1. Introduction

At INTOR Phase IIA Session V, several loﬁ-z materials such as
C(graphite), Be, Be0 and SiC have been discussed as the key surface
material candidates of the limiter/divertor plate, since medium- and
high-Z materials should be ruled out because of self-sputtering problems
in the medium—T limiter design of INTOR, where an ion temperature of
675 eV is considered. There are both advantages and disadvantages in
these materials if we take account of severe conditions of irradiation
of surface materials with energetic particles and high heat fluxes.

Here we will discuss the following properties of these materials and
TiC: 1) physical sputtering, 2) chemical sputtering, 3) arcing, 4) H/He
retention/release, 5) redeposited materials characteristics. The reason
why TiC is included here is due to the fact that extensive research and
development for this material have recently been made in JAERI for the
purpose of impurity control by low-Z coating of the limiters and the
walls of JT-60, which is often very useful to discuss the other materi-

als.

2. Physical Sputtering

Physical sputtering yield data by light ions (i.e. H+, D+, He+)
bombardment in the energy range below 10 keV at room temperature have
been extensively compiled by Roth, Bohdansky and Ottenberger [1] in 1979.
The data for the materials Be, C, SiC and TiC can be found there all
having values of 0.01 to 0.03 atoms/ion in the energy range of interest
300 eV to 3 keV. Very little data are available for self-ion sputter-
ing yield, but these can be calculated from theoretical prediction [21,
which has succeeded in explaining heavy inert gas ion sputtering. Here
we confine ourselves to some problems which are characteristic for com-
pound low-Z materials like 5iC and TiC at present.

It is predicted from a random collision cascade theory [3] that the
ligher element C atom tends to suffer preferential ejection, although
the effect is less pronounced than that caused by different surface
potential., Silicon carbide coatings with various different atomic frac-
tions of §i and C have been bombarded with a 3 keV H; ion beam at tem-
peratures around 500°C [4]. The sputtering yield in stoichiometric

samples (i.e. Si/C = 1) at 500°C is 1.15 X 1072 atomS/H+. As the

_lm
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stoichiometry deviates from this point, the sputtering yield has larger
values (Fig. 1). The temperature dependence of the sputtering yield in
stoichiometric samples is negligible below 600°C from the comparison

with a room temperature value [5]. By Auger electron spectroscopy (AES),
carbon exists on the surface in the form of carbide in stoichiometric

SiC before and after the bombardment, while it exists in the form of
graphite in C-rich samples, which suggests that the bound state of car-
bon in the form of carbide should correspond to the low sputtering yield
in stoichiometric SiC coatings. The stoichiometry changes due to hydrogen
bombardment are observed by the AES and electron probe X-ray microanalysis,
where the carbon population increases in stoichiometric 85iC, while it
decreases in C-rich samples.

These results are closely connected with surface segregation of C
atoms by heating the sample up to "1000°C [6, 7], or with preferential
evaporation of Si atoms at temperatures below 2000°C [8]. The surface
segregation of C atoms by heating is observed alsc in B,C [7]. The C
atoms segregated to the surface will experience physical sputtering when
the surface is bombarded with energetic particles, although it will
experience chemical sputtering as well if the particles are hydrogens.
In'fact, physical sputtering reduces the carbon population at the sur-
face by an Ar+ ion beam (3 keV, 8 uA) in SiC and B4C. On the other
hand, TiC surface 1s very stable against the heating and no surface
segregation is observed even at 1000°C. However, with the Ar+ ion bom-
bardment carbon atoms segregated slightly to the surface with the atomic
ratio Ti/C of 0.87. A similar phenomenon has been assumed in methane
formation in TiC by low energy proton bombardment at temperature below

700°C {9], where it is called 'enhanced diffusion' by ion bombardment.

3. Chemical Sputtering

Chemical sputtering means material removal through chemical reac-—
tions with reactive gaseous speciés occurring at the surface. For low-2
materials like C, SiC and TiC, methane formation is mostly investigated
which occurs in the temperature range below 900°C.

Methane formation during proton bombardment of different forms of
carbon materials (i.é. pvrolytic graphite, isotropic carbon and glassy

carbon) in the proton energy range between 100 eV and 6 keV has been
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investigated, from which we obtain a conclusion that energy and
temperature dependences of methane formation yield per incident H+ are
not affected by different forms of the carbon materials [10]. Temper-
ature dependence of methane formation can be explained by the model
proposed by Erents al. [11l, 12]. According to the model, the rate of

formation of methane v is given by

AJO exp(—QlfRT)
Y = =3 s where T = L exp (Qz/RT) , (1)
JOO + T

where Jo is incident ion flux, ¢ detrapping cross section of hydrogen
atoms induced by subsequently incident ions, and A exp(-QI/RT) means
the chemical reaction rate for the formation of methane, A being a
constant. If we take account of the particle backscattering whose
coefficient is denoted by B, eq.(l) can be changed into the following

equation:

AJO(l - B exp(—Ql/RT)
Y = _ . : (2)

J (1 -Bo+ o

The peak temperature Tm at which the methane formation rate has a maxi-

mum is given by

Q, [ Qa/Q - 1) ] i
.= 1 In Jo(l - B)o T, ' (3)

Equations (2) and (3) give.a good fit to-the experimental data by choosing
suitable values of parameters Q,, Q, and T [13, 14]. We can further
develop the model by taking account of surface deposited energy together
with the ion backscattering which are both dependent on the incident

energy. The final form of y is thus obtained [13] as

' s J_(1 - B) exp(-Q;/RD)
v =A@ E /v ) ,

_— (4)
Jo(l - BYg + 7

rofi
1A
=
LA
|_I

. ] . +
where fD is the recoil energy density at the surface, A', vo and Q; are

new constants. The final form of Tm is obtained by replacing Q; by QT

- 3 -
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in eq.(3). Equation (4) predicts well the flux and energy dependences
of methane formation rate if the value £ is chosen to be 0.75 [13] for
proton incidence and 0.6 for deuteron incidence [14] (Fig. 2). There
: is a pronounced maximum in the vicinity of 1 keV for the methane forma-
tion yield per incident jon at any incident fluxes. The yvield at a
given energy increases with increasing incident flux. Thus we have to
define three parameters of incident energy, incident flux and target
temperature to say the value of the chemical sputtering yield. For the
absolute values, see Fig. 2.

Chemical sputtering process in compound materials such as SiC and
TiC is more complicated. In the case of SiC, the both elements C and
Si have the strong reactivity with étomic hydrogens producing volatile
methane and silane molecules, respectively. The result of the experi-
ment in which methane produced is detected indicates that methane forma-
tion rate is decreased with increasing fluence due to depletion of €
atoms in a Si-rich silicon carbide [15]. Since the vériation of silicon
hydride formation such as silane was not detected there simultaneously
with methane formation, we cannot know the statiomary concentration of
Si and C atoms. From the considerations of surface segregation of C

atom at high temperatures below 1000°C mentioned in the preceding sec-—

tion, C atoms are supplied from the bulk and they will be chemically
sputtered by hydrogen bombardment. On the contrary, chemical affinity
of SiH(g) formation from Si(s) + H is higher than that of CH(g) forma-
tion from C(s) + H [16]. Therefore, the idea of C atom depletion is
not consistent with the above considerations on stoichiometric SiC.
From the AES analysis of the bombarded surface in stoichiometric SiC,
the S§i atom concentration is reduced by a factor of 10 v 25 % [4]. The
result is supportéd by another experiment using ESCA technique [17],
which clearly indicates that the chemical bond between Si and C atoms
is destroyed by 4 keV hydrogen bombardment, and that the Si atoms get
out of the surface whereas the C atoms remain on the surface in the

form of graphite. This suggests that chemical sputtering in silicon

carbide strongly depends on the sample characterisation, especially the
surface composition of 5i and C atoms. In the case of TiC, methane
formation by H+ bombardmént has been measured in the energy range between
100 eV and 1 keV at temperatures below 700°C [9]. The yield per incident
H+ is one order of magnitude less than that of graphite and show little

temperature dependence. It has a maximum around 2 keV which is similar
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to that of physical sputtering yield of Ti. The dose dependence of the
vield is mainly attributed to the surface concentration of C atoms
different from the steady concentration which is produced by enhanced
diffusion of C atoms by H+ bombardment.

Tn addition to the chemical sputtering by energetic hydrogen bom-
bardment, chemical erosion by thermal atomic hydrogens should be noted.
Measurements have been made of the erosion rate of graphite by atomic
hydrogen shower in the temperature range between 100°C and 900°C {18].
The result indicates that the graphite surface becomes inactive to
atomic hydrogen after it is exposed to hydrogen atoms to a fluence of
107 H/cm? at 500°C or higher. Methane production rate is drastically
reduced with the run number of conditioning by atomic hydrogens, and
the peak which is seen clearly disappears with the run (Fig. 3). This
inactive graphite surface thus conditioned is restored again to the
initial state when it is exposed to air. A phenomenon similar to the
above result has been demonstrated in a carbon wall experiment in DIVA
[19]. But we have to pay attention as well to the following experimental
result [20]. The methane formation yield by energetic hydrogen ion (3
keV H:) bombardment of the conditioned surface in vacuum by atomic hy-
drogens, which is expected inactive, is the same as that of the non-
conditioned surface by atomic hydrogens. The reason is due to the fact
that the inactive graphite surface obtained by the atomic hydrogen pre-—
exposure can be destroyed by the emergetic ion bombardment.

It is important to look at the recent experimental results of sput-
tering yield of graphite for 1 keV H+ and D+ ions at elevated tempera-
tures [21]. As the temperature is raised beyond-525°c (i.e. peak tem-
perature for methaﬁe formation) the erosion rate decreases. However,
above V1000°C erosion again increases monotonically with no apparent
peak and exceeds the methane maximum value at n1500°C.  The high erosion
rates ohserved above V1000°C indicate a meéhaﬂism other than physical
or chemical sputtering process, since no hydrocarbon formation such as
acetylene is detected at the high temperatures. A possible explanation
being considered is that carbon diffuses to the surface due to vacancy
migration forming weakly bound carbon clusters which exhibit a high

sputtering yield [21].
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4. Arcing

Arc tracks on material surfaces have been observed in many tokamaks.
It has been suggested that arcing is one of the dominant mechanisms for
introducing metal impufities into tokamak plasma [22]. Recent time- and
space-resolved studies of unipolar arcing have shown thaf arcing is
related to particular plasma conditions characteristic of unstable dis-
charge phase such as the current rise and end phases as well as during
plasma disruption, and that runaway electrons produce a large potential
difference between plasma and material to initiate arcing [23-25]. As
for the dependence of arcing on surface material, we Eave found no ap-
parent difference among various materials, for example, Mo, sic, TiC,
Be, Stainless Steel, C and Al which are used in the JFI-2 tokamak. Arc
phenomenon seems to be independent of materials. Hence we restrict
ourselves to discussing possibility of arcing and related surface prob-
lems in future large tokamaks. Plasma parameters related to arcing have
been measured by the double probe method and the sheath electric field
E has been cleared to be about 3.X 107 V/m [26]. 1If arcing would occur
in the steady state of future large tokamaks such as INTOR, arcing will
be one of the dominant mechanisms for introducing metal impurities into

the plasma and surface damage will be a serious problem.

According to the sheath theory, the wall potential ¢W is

Teb My
‘q’w=f{’m(5;) - fn2m - 220M } , (5

where 'I'e is the electron temperature in the scrape-off plasma, and m,

b
m, are ion and electron masses, M is the Mach number of the initial

velocity of ion in the sheath layer [27]. Since the electric potential

¢i related to the thermal energy of ions 1is

6. = =22 M2 6)

the potential difference ¢S between the plasma and the wall is

Teb "y |
S +¢i=¥{£n(m—e)—SLnZTT—ZQnM+M2} : (7

Tn this case M is unity and m, = 1840 Ame (A is the atomic number).
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Therefore, the potential difference ¢_ between the plasma and the wall is
] : P

T
-9 = 3.3 —Zb— (1 + 0.15 2nA) . (8)

The sheath layer AS is

A= 3, 9)

A, = 7.45 . s am

where Ny is the electron density in the scrape-off plasma. Thus, the

electric field Es between the plasma and the wall is given by

T n
E =1.5x 1074 —2 _eb . (11)
s e T
eb
The field Es ig a function of Teb and np- So0lid curves in Fig. 4 show
the dependence of ES on Teb for a hydrogen plasma as a parameter of Nope
The heat flux density q (W/em?) towards an electically insulated

conducting plate in a plasma is written as follows

q=vLT, > (12)
where I (A/cm?) is the ion saturation current density, Y = 7.8 for
hydrogen plasma of Teb = Tib’ Tib being the proton temperature in the

scrape-off plasma [28]., The current is is given as follows

n T
_eb eb
Is T2 M, i (13)
1

where Mi is the ion mass. Dashed lines in Fig. 4 show the dependence
of q on Teb and n. for a hydrogen plasma.

Operation conditions in future large tokamaks will be limited by
the heat load on the first wall., This means that if the temperature
Teb will be higher, the density must be kept lower as to reduce the

— 7 —-



JAERI-M 82-1586

heat flux density. . The maximum permissible heat flux density to the
first wall is considered to be about 100 W/ecm?. On the other hand, the
electric field between the plasma aﬁd the wall is below 2 x 10° V/m in
the above mentioned plasma parameters (Fig. 4). This value is about
one-tenth of the electric fileld to initiate monopolar arcing.

On the basis of these facts, it is considered that monopolar arcing

will scarecely occur in the steady state of future large tokamaks.

5. H/He Retention/Release

Hydrogen retention/release is closely connected with possibility
of recycling rate control at the wall when neutral beam injection heat-
ing is used in large tokamaks. The idea and technique are also avail-
able for the tritium inventory evaluation and permeation problem. Here
we show an example of the recycling rate calculation applied to JT-60
[29]. Such calculation is particularly useful, since it is not easy
to simulate synthetically by accelerator experiments hydrogen recycling
behaviours (e.g. backscattering, trapping, detrapping, permeation etc.)
at wall surfaces of tokamaks by taking account of their operation condi-
tions.

The calculation has been made essentially on the basis of hydrogen
diffusion from the bulk of the wall, which can generally be given by

the differential equation:

delx, t) _ . 9% .
At =D 5+ G (x) s (14)
where D : diffusion coefficient of hydrogen in the wall,

c(x, t): concentration of hydrogen atoms at depth x and time t,
G(x) : source term of hydrogen atoms at X.
Thus the re-emission rate is obtained from -D dc/9x <=0 + backscattering
+ excess over saturation concentration. As a first approximation, the
boundary condition is given as c¢(0, t) = 0, which is justified in endo-

thermic materials [30]. The source term for random incidence used here

is

m/2 oo
Gx) = [ 748 [ dE sin26 £(8) p_(x, E, 0} . (15)
0 0
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J {1 - B(E, B)!} " (x - R_ cos®)?
o (x5 B 8) = % AO 1 e + exp{- ZAI];z L
Rp[ + er (LO)] D
R cos
S
o V2 AR
P
where 8 : angle of incidence with respect to the surface normal,
JO : incident flux of hydrocgen atoms to the wall,
Rp : projected range of hydrogen atoms of energy E,
ARp : range straggling of hydrogen atoms of energy E,
B(E, 8) : backscattering coefficient of hydrogen atoms incident

with the angle O, and energy E.

An example of the calculated results for three different wall mate-
rials Incomnel, molybdenum and TiC is shown with the shot number of a
pulse operation cycle of 5 sec discharge and 10 min interruption (¥Fig.
5). The calculated results shown in Fig. 5 is for the case of moncener-
getic (E = 1 keV) particle incidence with a flux JO of 1 x 10*°® H/cm?
sec., The wall temperature rise with shot number is assumed to be 13
°c/shot (initial temperature 60°C), which is the slowest case assumed.
The code HRECYCLE is applicable to any incident energy distributions
given, for instance, the maxwellian energy distribution (Fig. 6). In
such calculations including hydrogen retention and permeation, there
are two main problems. One i1s the ambiguity of the diffusion coef-
ficient including radiation damage effect and the other is how to give
the boundary condition in eq.(15) including surface recombination of
atomic hydrogens diffusing from the bulk. TUnder more realistic condi-
tions, the wall surface is bombarded with energetic particles, which
produces dense trapping sites in the surfac layers which reduces the
diffusion coefficient to about two orders of magnitudes lower in Ni [31].
The radiation damage effect on retention/release has been observed in
carbon [32] which is very similar to the molybdenum case [33]. Sidince
the actual wall surface will become rough and porous by redeposition/
contamination, a more realistic recombination coefficient will be neces-
sary, which could change considerably the boundary condition of eq.(14).

Surface roughness has a strong effect on helium gas release beha-
viour as well as surface erosion, when various forms of carbon and TiC
are bombarded with 200 keV He+ ions [34, 35]. The fluence at which the

re-emission rate begins to increase becomes higher in a smooth surface

— 9 -
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than in rough one. With increasing fluence re-emission burst occurs
frequently in the smooth surface, which does not occur in the rough one.
The frequent re—emission burst is due to successive exfoliation of the

surface layer which does not take place in the rough surface.

6. Redeposited Materials Characteristics

The first wall materials are eroded by sputtering, blistering and
evaporation processes during plasma operation. The eroded materials will
redeposit on other parts of the first wall [36]. However, little is
known at present about the nature of redeposited materials in the fieid
of plasma-wall interactions. This redeposition phenomenon is also an
important problem in the field of thin solid film technology in order
to control deposited film qualities. We consider here the redeposition
problem of the first wall materials in relation to the technology.

1) The redeposition protess may be different between tlie case when the
first wall materials are made of compounds/alloys and the case when they
are single element materials. In the case of compounds/alloys such as
§i¢C and stainless steel, there is a possibility of variation in the sur-
face composition of the first wall materials because of preferential
sputtering/evaporation for a certain element [37, 38]. Therefore, the
composition of redeposited materials might be different from that of

the first wall material itself. This does not take place for single
element material such as C and Be.

2) It is important to increase adhesiveness of the redeposited particles
to the wall surface. If it is weak they will easily leave the wall sur-

face and enter the plasma as impurities.
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known at present about the nature of redeposited materials in the field
of plasma-wall interactions. This redeposition phenomenon is also an
important problem in the field of thin sclid film technology in order
to control deposited film qualities. We consider here the redeposition
problem of the first wall materials in relation to the technology.

1) The redeposition process may be different between the case when the
first wall materials are made of compounds/alloys and the case when they
are single element materials. In the case of compounds/alloys such as
SiC and stainless steel, there is a possibility of variation in the sur-—
face composition of the first wall materials because of preferential
sputtering/evaporation for a certain element [37, 38]. Therefore, the
composition of redeposited materials might be different from that of

the first wall material itself. This does not take place for single
element material such as C and Be.

2) It is important to increase adhesiveness of the redeposited particles
to the wall surface. If it is weak they will easily leave the wall sur-

face and enter the plasma as impurities,

Acknowledgements

The authors would like to thank Drs. T. Hiraoka and Y. Murakami for
their kind suggestions of initiating the present work. They also ac-—

knowledge Drs. M. Tanaka and Y. Obata for their continuous encouragement.



JAERI-M 82-156

than in rough one. With increasing fluence re-emission burst occurs
frequently in the smooth surface, which does not occur in the rough one.
The frequent re-—emission burst is due to successive exfoliation of the

surface layer which does not take place in the rough surface.

6. Redeposited Materials Characteristics

The first wall materials are eroded by sputtering, blistering and
evaporation processes during plasma operation. The eroded materials will
redeposit on other parts of the first wall [36]. However, little is
known at present about the nature of redeposited materials in the field
of plasma-wall interactions. This redeposition phenomenon is also an
important problem in the field of thin sclid film technology in order
to control deposited film qualities. We consider here the redeposition
problem of the first wall materials in relation to the technology.

1) The redeposition protess may be different between the case when the
first wall materials are made of compounds/alloys and the case when they
are single element materials. In the case of compounds/alloys such as
8i¢ and stainless steel, there is a possibility of variation in the sur-
face composition of the first wall materials because of preferential
sputtering/evaporation for a certain element [37, 38]. Therefore, the
composition of redeposited materials might be different from that of

the first wall material itself. This does not take place for single
element material such as C and Be.

2) It is important to increase adhesiveness of the redeposited particles
to the wall surface. If it is weak they will easily leave the wall sur-

face and enter the plasma as impurities.

Acknowledgements

The authors would like to thank Drs. T. Hiraoka and Y. Murakami for
their kind suggestions of initiating the present work. They also ac-

knowledge Drs. M. Tanaka and Y. Obata for their continuous encouragement.



JAERI-M 82-156

References

[1]

[7]

[8}

[13]
[14]
[15]

[16]

[17]
[18]
[19]
[20]

J. Roth, J. Bohdansky and W. Ottenberger, Max-Planck-Institut

fur Plasmaphysik Report IPP 9/26 (1979).

P. Sigmund, Phys. Rev. 184 (1969} 383.

P. Sipgmund, in Sputtering by Particle Bombardment, wol. I, ed.

R. Behrisch (Springer Verlag, 1981), p.9.

K. Sone, M. Saidoh, K. Nakamura, R. Yamada, Y. Murakami, T. Shikama,
M. Fukutomi, K. Kitajima and M. Okada, J. Nucl. Mater., 98 (i981)
270. '

J. Bohdansky, H.L. Bay and W. Ottenberger, ibid, 76 & 77 (1978)
163.

M. Mohri, K. Watanabe, T. Yamashina, H. Doi and K. Hayakawa, ibid,
85 & 86 (1979) 1185.

S. Fukuda, S. Kato, K. Mohri and T. Yamashina, Proc. 5th Intern.
Conf. on plasma-Surface Interactions in Controlled Fusion Devices,
1982, Gatlinburg, U.S.A.

J. Drowart and G. De Maria, Proc. Conf. on Silicon Carbide, 1959,
Boston (Pergamon Press, Oxford, 1960), p. 16.

R. Yamada, K. Nakamura and M. Saidoh, Proc. 5th Intern. Conf. on
Plasma—Surface Interactions in Controlled Fusion Devices, 1982,

Gatlinburg, U.S.A. _
R. Yamada, K. Nakamura, K. Sone and M. Saidoh, J. Nucl. Mater.,

95 (1980) 278.

§.K. Erents, C.M. Braganza and G.M. McCracken, ibid, ég_(l976)
399.

C.M. Braganza, S.K. Erents and G.M. McCracken, ibid, 75 (1978)
220.

R. Yamada and K. Sone (to be published).

K. Sone (to be published).

C. Braganza, G.M. McCracken and S.K. Erents, Proc. Intern. Symp.
on Plasma Wall Interaction (Pergamon Press, Oxford, 1977), p.257.
JANAF Thermonuclear Tables, 2nd ed., D.R. Stull and H. Prophet,
NSRDS-NBS 37 (1971).

¥, Gotoh, private communication.

T. Abe, XK. Obara and Y. Murakami, J. Nucl. Mater., 2}_(1980) 223.
S. Sengoku, et al., ibid, 93 & 94 (1980) 178.

R. Yamada, K. Nakamura and M. Saidoh, ibid, 98 (198l) 167.



21}

[22]
[23]

[25]

[26]

[27]
(28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[(37]
[38]

JAERI-M 82-156

J. Roth, J. Bohdansky and K.L. Wilson, Proc. 5th Intern. Conf.
on Plasma—Surface Interactions in Controlled Fusion Devices,
1982,.Gatlinburg, U.S.A.

G.M. McCracken and D.H.J. Goodall, Nucl. Fusion, 18 (1978) 537.
S, Yamamoto, Y. Shimomura, K. Ohasa, H. Kimura, S. Sengoku,

K. 0dajima, T. Matsuda, H. Matsumoto, H. Ohtsuka and H. Maeda,
Phys. Sce. Jpn., 48 (1980) 1053.

Maenoc, H. Ohtsuka, S. Yamamoto, T. Yamamoto, N. Suzuki,

Fujisawa and N. Ogiwara, Nucl. Fusion, 20 (1980) 1415.

moE R Y

Ohtsuka, ‘N. Ogiwara and M. Maeno, J. Nucl. Mater., 93 & 94
(1980) 161.

H. Ohtsuka, M. Maeno, N. Suzuki, S. Konoshima, 5. Yamamoto and

N. Ogiwara, Nucl.,Fusion, 22 (1982) 823.

T. Kawamura, Kakuyugo Kenkyu Supplement, 13 (1981) 103 (in Japanese).
RFH. Lovberg, Plasma Diagnostic Technique, eds. R.H Huddlestone
and S.L. Leonard (Academic Press, New York, 1965) Ch. 3.

K. Sone, R. Yamada and Y. Murakami (to be published in Japan Atomic
Energy Research Institute Report). | .

M.I. Baskes, J. Nucl. Mater., 29 (1980) 318.

K. Erents and G.M. McCracken, Radiat. Effects, §_(1980) 123.

¥. Sone and G.M. McCracken, Proc. 5th Intern. Conf. on Plasma-
Surface Interactions in Controlled Fusion Devices, 1982,
Gatlinburg, U.S.A.

¢.M. McCracken and S.K. Erents, in Application of Ion Beams to
Metals, eds. $.T. Picraux et al. (Plenum Press, New York, 1974),
p.585. _

M. Saidoh, R. Yamada and K. Nakamura, J. Nucl. Mater., 102 {1981)
97. '

M. Sgidoh, R. Yamada and K. Nakamura, Proc. 5th Intern. Conf.

Plasma-Surface Interactions in Controlled Fusion Devices, 1982,
Gatlinburg, U.S.A.

J.N. Smith, Jr., C.H. Meyer, Jr. and J.5. DeGrassie, J. Vac. Sci.
Technol., 20 (1982) 1279.

M. Mohri, K. Watanabe and T. Yamashina, J. Nucl. Mater. 71 (1978) 7.
M. Yabumoto, K. Watanabe and T. Yamashina, Surface Sci., 77 (1978)

615.



JAERI-M 82-156

z |
% A 400°C & RT ;
& (g'l. oe 500°C K.Sone,et af e 535°C J.Roth,et ab
s 'V Te (1980) (1976) 1
S [\ © 600°C s 610°%C .
= \
< T .
\\ -
- I A A
~ e
O i \\o g e ]
= \\\ @ ///
D: \M""-- ___,.—-”"//
W g4 —%_—“‘ R
= STOICHIOMETRIC
D .
a3 SicC
) | : i I | L I n | ! ]
O 02 0.4 - 06 08 1.O
Si
¢ ATOMIC FRACTION OF SILICON
Fig. 1 Sputtering yield of silicon carbide (atoms/H+) for a 3 keV H:
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 respectively [4].
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Fig. 4 Dependence of the electric field ES between the plasma and the
wall on the electron temperature Teb as a parameter of the electron

density n in the scrape-off plasma (solid lines), and the de-

b
pendence of the heat flux density q and Teb and n_g, (dashed lines).
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