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Edge plasma of divertor in tokamak is characterizgdiifferent values of plasma parameters (plasma
density and temperature), plasma composition aedcoming plasma dynamics processes. We survey a
model for theoretical study of the interaction gtlfogen with dust surface and apply our resultsHhe
formation on dust grain surfaces in the divertor.this model, considering both physisorbed and
chemisorbed sites on the grain surface and thetoradamobility to go from one site to other site by
thermal diffusion, describes the formation gfdth grain surfaces. We find,Hbrmation rate on the high
temperature dust surfaces in divertor for a rarigkust and gas temperatures and densities.
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1 INTRODUCTION surface is based on the following reaction:
The knowledge of hydrogen-surfaces interac- H(neutralatom) + H(neutralatorm) - H,

tion mechanism is necessary, since it has vapor the adsorption process of hydrogen atoms
ous applications in physics and industry. Fasn the dust surface, depending on the tempera-
example, this mechanism has widely beefure of the incident atoms, two different inter-
studied in molecular hydrogen formation imactions between the atom and the surface oc-
space [1], and plasma-surfaces interactions ¢rs [7, 8]. If the hydrogen atom is weakly
fusion devices [2]. bound to the surface by Van der Waals force,
When hydrogen atoms arrive on the dust suihe interaction is typically called physisorp-
face, they can be weakly adsorbed (phyion, and if the atom is strongly bound to the
sisorbed) or strongly adsorbed (chemisorbedjrface by Covalent force, the interaction is
to the surface. After the sticking of atoms t@alled chemisorption. With the assumption
the surface, their mobility can be governed bhat sticking occurs on every collision with a

quantum mechanical tunneling or thermajrain, the accretion rate of H atoms on the dust
hopping, then recombination of H atoms o#n units of atoms§is given by

grain surface leads to,Hormation [3]. W, =N, (1)
2  H, FORMATION IN DIVERTOR Which Nsis the number of sites on the surface
PLASMA of dust grain andyp,, is the flux of H atoms

We consider plasma conditions for detacheento the surface of a dust grain, in units of
divertor plasma with the temperaturg<TL eV monolayer per second (ML The adsorbed
[4, 5]. This low temperature, describes a mdwdrogen atom diffuses on the surface by
dium with large number of complex atomidhermal hopping or quantum tunneling mech-
collisions in which there are neutral atomsgnism [3, 7 and 8]. In the first mechanism it is
low-charged ions of impurities and nonhecessary to have sufficient thermal energy to
detached molecular species. The main part o¥ercome the barrier between the sites, this
the neutral gas is formed by hydrogen atontsechanism is dominant in the divertor plasma.
and molecules. In this area of the edge plasn&e consider a surface which physisorption
ion density is in the range of ¥10'° (cn®) and chemisorption sites lie at different heights
and the neutral gas densities;JHH] are of and are also offset horizontally from one an-
the same order of magnitude. Since the lif®ther so as to form two offset planar lattices.
time of H', H and H is very short (<18 s), Diffusion happens horizontally among the
the relative concentration of these particles gites of the same type (chemisorption or phy-
low compared with the electron and neutradisorption), while diffusion between the dif-
gas densities [6]. Therefore, our kinetic modderent types of sites has also a vertical compo-
for molecular hydrogen formation on the dustent [9, 2]. Mobilities of H atom to pass from
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one site to another can be defined as main on the surface, move, recombine and
W =1, xR, (2) form molecules. As a result the most efficient

where i and j represent either physisorption (ffaction for H formation at high temperature

or chemisorption (c) sites; Rre the transmis- i5 due to collision of che_misorbed atoms. It
sion probabilities to cross the barrier andsf should be noted that mobility on the dust sur-

the oscillation factor in the site i where the Hac€ occurs by thermal hopping since H atom

atom is bound (Eor E,). Hydrogen atoms energy and temperature of dust surface are

through two different mechanisms Langmuirligh enough. At high temperatures, hydrogen

Hinshelwood (LH) and Eley-Rideal (ER) carft0ms coming from the gas phase with a tem-
meet each other on the dust surface [10, 1ﬂc_arature Tas can directly enter a chemlgorbed

In the LH mechanism, the second incident (§it€ and form a molecule. For calculating H

atom sticks to the grain surface and then giformation cqefﬂment by directly chemisorbed

fuses on the surface until it reaches where tR&MS on high temperature dust surface, we
first atom is trapped. Here, two adsorbed ggonsider two categories of H atoms: A numb_er
oms that already thermalized by the surfac8f these atoms enter some already occupied
react with each other. In the ER mechanisni!t€S and form molecules by the ER mecha-
which is a direct interaction between a gaiSm and the other group of these atoms enter
phase atom and an adsorbed atom, a reacti} €mpty chemisorption sites and then diffuse
and effective collision occurs when the adon the surface to other chemisorption site with

sorbed H atom is virtually localized on the? rat€iq(H) and form a molecule by the LH
surface. mechanism. Moreover, we assume that all of
1x 107 the generated Hare immediately desorbed.
Therefore, we can write the time evolution at
high temperature for chemisorbed hydrogen
atoms and produced molecular hydrogen as:

NHC =(pH_2uchaC_acNHCv (4)
dNu, NH2 :UchaC’ (5)

£.x 101 where @, is the effective flux of hydrogen
atoms on the dust surface apg is the mo-
2% 101¢] bility from a chemisorbed site to another near-
est-neighbor sitea, is the desorption rate for
ok , , , , , H atom or molecule in the chemisorption site,
0 0.02 0.04 0.06 0.08 0.10 . —E_/KT .

t(s) written asa, =f.e ', where § is the fre-
Fig.1: Differentiation of H, molecules number on quency factor of chemisorbed H atom. For
the surface of carbon dust as a function of time calculation of the klformation efficiency, we

have integrated this time-dependent equation
3 H,FORMATION EFFICIENCY g P d

: . using a Runge-Kutta method with adaptive
We assume the grains with low surface Coveé'tep size control until steady state was

age W_here s_a'guration is not a problem. Thfchieved. As analyze from the Fig. 1, the
format_lqn efficiency of the hydrogen mOIe'number of hydrogen molecules on the carbon
cules is: dust surface reaches quickly the steady state,
E=2Ny, /Ny, (3) namely the time evolution is very rapid fop H
where N; is the number H deposited on thgormation on the surface of the carbon dust. In
grain in the time interval before the steadgther words, the time to reach the steady state
state andN,, is the number of pformed af- (1) is much shorter than the lifetime of the

ter the steady state. At high temperatures, tisarbon dust {(,=10" s) [12]. Therefore, by
physisorbed atoms instantly evaporate with golving these equations in the steady state
rate a,, and only the chemisorbed atoms reconditions, the kiformation coefficient obtain

8 x 105
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in terms of H flux, temperature of dust surfac€onsidering the above studies, the dust grains
and the number of sites on the surface. from their birth to evaporation have enough

time to cause hydrogen atoms to combine and
_|4_0 stt?df/stﬁtTbir?altl/i[())rD(I)ngth?ng(a)rtl\ilcles of OlifEhus a considerable amount of energy and den-
ferent materials (Li, Be, B, C, Fe, Mo, and W ity to depreciate. Hence, the elimination the

in fusi I it has b h that d ormation process of hydrogen molecules is
In Tusion plasmas, It has been shown tha Lé%bject to removal of dust grains in tokamak
to difference in the dynamics of particle

. . lasma.
made of light and heavy materials, C and F~
dust particles have the longest lifetime in dif Amorphous Carbon

ferent ranges of plasma temperatures and de  7.7x 10

sities [12]. “w
In the high temperature of divertor plasme & 7" "
physisorbed atoms on the dust surface rapic® N
evaporate and chemisorbed H atoms rema -2 72x 1%

For molecule formation, the residential time _
(t4) of H atoms which have sticked to the © — np =107

surface and thermalized with it, should br g =77,
much longer than the time interval betwee N
the successive collisiona{) on the grain sur- ~ 72x10% T T -+ A
face (At=t,,). The At(=nyv,0,)™" is pro- T

portional to the accessible surface of dudtd-2: Rateof H, formation for carbon surfaces as

grain for colliding with the surrounding gas A,Zt;m‘éﬂ&r%fggle dgﬂg;ﬁﬁggg{%f@grﬂﬁggm
average velocity,, of H atoms and its den'thegrainsof radius 1;m '
sity n,, . The thermally desorption or evapora-

tion time for H atoms on the carbon surface is[:l] A - '?:EFtEREGNCLES M. Angor T
_ rueou , artr , aye , ngo ,
Tis=fi " eXpEqes/ KTy), (6) ) 4 J
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