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ABSTRACT

A Direct Current glow discharge argon plasma isdpoed in between the graphite made
cathode and the anode. Due to the ion bombarditientarbon particles are eroded from
cathode surface at a particular discharge condifibase carbon particles are then charged
negatively by collecting more electrons than iomd evitated in the cathode sheath region
by balancing electrostatic force with gravitatiof@ice. The experimental results showed
that the more carbon particle erode if the expenishbave performed for longer time and
higher discharge voltage and background pressure.sputtering even becomes more
efficient when the cathode is biased with negatiektage. We believe, our experimental
results will be helpful to fusion community to umsand the sputtering from carbon walls
of various tokamaks.
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1. Introduction

In the tokamaks, plasma facing wall components @€ exposed to high particle fluxes
which can induce high sputtering erosion. Off ndrreeents like disruptions, arcing,
instabilities can furthermore produce melting anddwaporation of these PFCs [1].
Additional chemical erosion of the components impdite based material releases
hydrocarbon gases as methane, ethylene and aeefZle® portion of the physical and
chemical eroded material generates dust with a veidge of size and shape. In the micro-
millimetre size range and more, one can observdl giraes and fragments coming from
the walls [3], irregular grains coming from brittledeposited layers, flat flakes from thin
coatings and fibrous particles [3-5]. In the mitoonanometre scale, spherical primary
particulates (PPs) are observed, piled up in maops agglomerates in which the
presence of nanotubes has also being evidenceth@]PPs can aggregate to form chains
of particles and dense spheroids [6] as this odouptasma processing [7-8]. These PPs
result either from the condensation of the vaparipaterial or from the multiple collisions
between atoms and molecules released by the PFCs.

The ITER program has initiated different studies the dust formation
mechanisms, the produced quantities and theirtsffiedusion devices [9-10]. Among the
used wall materials, the graphite has the largmsaluility to retain tritium. Carbonaceous
dust is then considered as a safety hazard inabe af accidental device opening and a
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potential limit of the performances. Arnas et ehrried out laboratory experiments in a dc
argon parallel electrode glow discharge [8,11-b2(inderstand the growth and charging
mechanism of spheroid carbon dust grains obsenvéltbie Supra Tokamaks. In these
experiments fine carbon particles formed in plasfima® sputtered carbon atoms of the
graphite made cathode surface.

In Indian scenario, Sarkar et al.; produced coggadrdusts in unmagnetized
plasma through sputtering using a bipolar pulsegaieer supply [13]. In this experiment,
the dust particles have been generated throughesimgt of graphite cathode and were
stratified between two electrodes. In these expamis) they observed the Taylor-like
instability at the interface of two dusty cloudgiwilifferent densities and also observed a
self-excited dust density wave propagates towdrelditgher density dust fluid inside the
system. In another experiment [14] they obsespatiotemporal evolution of dust density
waves (DDWSs) in cogenerated dusty plasma in theepiee of modified field induced by
glass plate. Various DDWs, such as vertical, oleljgand stationary, were detected
simultaneously for the first time.

Thus, in order to perform successful fusion experita it is important to assess
and understand the processes by which dust is tband by which it interacts with the
fusion device and its plasma. Instead of understgrnurocesses that exactly happen inside
a fusion reactor, it is always better to match saspects of graphite-hydrogen interaction
in a plasma environment in small laboratory devieesl study the physical processes.

To address some of these issues, we have perfamexperiment to examine the
particle growth and sputtering yields in a DC gldigcharge plasma in between the
graphite electrodes. In the first set of experiragiitt is shown that sputtered carbon
particles density increases at a particular regidretween electrodes with the increase of
discharge voltage and /or background pressurbelsdécond set of experiments, it is found
that the enhancement of sputtering yield from ad¢tsurface and its variation over a wide
range of discharge condition when the cathodedsdu negatively with respect to the
grounded chamber.

2. Experimental setup

The experiments are carried out in a cylindricalcB8mber as shown in Fig. 1(a), which
has number of radial and axial ports for diffeqantposes. The vacuum chamber is pumped
down by a rotary pump (pumping speed = 250 lit/amid power 0.5 HP) and the ultimate
base pressure is obtained as ~ 0.01 mbar. Argoisdhsen introduced into the chamber
through one of the radial ports using a Blazer nreglle valve. The working pressure (P)
is set in the range of 0.4 to 0.04 mbar by adjgdtie gas leak rate and the pumping speed.
The pressure inside the chamber is monitored usiijrani gauge. Two disc shaped
parallel plates made of graphite material of dian80 mm and thickness 6 mm are used
as electrodes for the plasma production (see f{ig)).LThe main reason to use graphite
electrodes is to create carbon dust particles iraputtering process in the plasma
environment akin to tokamak plasma at some exadtdr filling the chamber with argon
gas at the desired pressure, the DC voltage isealigl the anode (upper electrode) with
respect to the grounded cathode (lower electrddeugh a current limiting resister. The
glow discharge argon plasma is produced in betwgerelectrodes at a discharge voltage
(V4) of 250-350 volt at a discharge current of 30-fr0Q.
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Figure 1. Picture of the argon plasma with carbon dust ciadzetween two electrodes

2.1. Plasma parameters

To begin with, the plasma parameters such as etedgmperature, plasma density,
floating potential are measure using a single dyldal Langmuir probe over a range of
discharge voltages and neutral pressures and alecttistance. The typical measured
values of electron temperature and plasma dengtinahe ranges (4-11) eV and 8%10
2x1@ cn1i respectively when the electrode separations aamaged from 5.5 cm to 11.5
cm for a particular discharge condition (P = 0.d8amand M= 250 volt) as shown in table
(. As electrode separation increases for a gidextharge voltage, plasma volume
increases, as a result plasma density betweenadestdecreases. In addition, collision
frequency between electron and neutral decreadesefbre, bulk electrons lose less
energy and average temperature of the electroresises between the electrodes. Whereas
the plasma density and electron temperature chizoge3x10 - 9x1F cm® and 2-5 eV
over the range of discharge parameters for a péatielectrode separation of 5.5 cm.

Tablel:
Sl. No. Electrode Electron Plasma Density @
Seperation Tempreature (J m3
(cm) eV
1 5.E 4.11] 7.42 x 1%
2 8.5 5.9¢ 4.10 x 1(°
3 11.5 11.5Z 1.8¢x 10"

2.2. Experimental results

In the plasma environment, the carbon particlesputtered from cathode surface due to
ion bombardment at a discharge voltage=\255-265 volt and background pressure, P =
0.08-0.95 mbar. These carbon particles are thergetianegatively by collecting more
electrons than ions and levitated in the catho@atshregion by perfectly balancing the
electrostatic force and the gravitational forceaed He — Ne laser is used to illuminate the
levitated carbon particles near the cathode shegibn. The time evolution of scattered
light from the growing carbon particles is captutesihg a CCD camera (with frame rate
~ 60 fps) and the still images are then storedhigh-speed computer for further analysis.
An IDL based patrticle tracking code is used toapttthe dynamics of dust particles from
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these images.

At first to investigate the structural morphologlgese sputtered carbon particulates are
collected on a rectangular glass plates, placedheninner surface of the grounded
chamber. Their shape, size and structure are athlyy ex-situ diagnostics: Scanning
Electron Microscopy (SEM). SEM images confirm ttfe cogenerated dust particles are
nano-scaled flex like structures of graphite petiavith irregular shapes and sizes. As
shown in fig. 2, the flex width increases from 20 to 60 nm with the increase of discharge
voltages at a particular background pressure. Sirolbservations are also made when the
background pressures is increased at a given digekaltage.
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Figure2: SEM Photograph of sputtered graphite clustert(spa 270 Volts and P=0.085
mbar b) \b6 = 278 Volts and same neutral pressure.

In the first set of experiments, the pair correlatfunction (g(r)), defines the
probability of finding a particle at a distanceorh another particle [15-16], is calculated
from the recorded still images. The location ditfipeak in g(r) vs r plot (as shown in figure
3) gives the inter-particle distance (d), whiclused to calculate the particle density£n
3/4nd®) for a 3D dust cloud. Particle number densityaglated by considering only one
particle inside a circle of radius equal to theirgarticle distance. As time evolves, it is
found that the peak in g(r) curve shifts towards, hich essentially implies that the
decrease of inter-particle distance and henceaseref particle density. Using the above
technique, the variation of dust density is estedaiver a range of discharge parameters.
The experimental results showed that with the Bmeeof discharge voltage and/or
background pressure the number density of carbuitles at a particular region increases.
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Figure 3: a) Image of dust cloud b) A plot of pair corredatifunction g(r) vs r for the
eroded dust cloud of fig 3(a). The location oftfjpeak gives the inter-particle distance.

It essentially signifies that with the increasalistharge voltage and pressure the
ionization become more efficient and as a reselidgh bombardment at cathode increases
which causes more sputtering from the graphiteatkgtas a result carbon particle density
increase. It is seen in fig. 4(a) that the densitgroded two dimensional carbon particles
cloud increases with the increase of dischargegelat a particular gas pressure. With the
increase of discharge voltage, the plasma denmsitgases which results in the increase of
sputtering of ions on the surface of cathode. Aesalt the number density of eroded dust
particles increases in the cathode sheath redi@also found that the temperature of dust
particles increases (see fig. 4(b)) with the inseeaf discharge voltage. It happens due to

the increase of sheath electric field which helygsions to reach towards the cathode with
higher kinetic energy.
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Figure 4. Dusty Plasma variation with discharge voltage fated neutral pressure

Similar to discharge voltage, the density of twmensional dust particles also
increases when the neutral gas pressure is incredsa constant discharge voltage as
shown in fig 5(a). That is with the increase ings@e more sputtering occurs and hence
more carbon patrticles are eroded out from the datlygraphite surface. The variation of

temperature of dust particles with pressure aliovfis the same trend as shown in fig.
5(b).
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Figure5: Dusty Plasma variation with neutral pressurefateal discharge voltage

In the second set of experiments, the enhancenfiesputtering yields is studied
with increase of cathode bias voltage systemagiedl constant discharge parametegs, V
=264V and P = 0.085 mbar. In this set of expenitsiehe cathode is biased with a negative
voltage with respect to the grounded chamber toease the sputtering yields at a
particular discharge voltage. The sequence ofistdiges of the dust cloud at a particular
location is shown in the fig. 6 when the bias vgdtés increased in the step of 1 volt with
respect to the grounded chamber.

Flgure6 Stable carbon dust cloud of different cathodeibgasoltages (a) 0 volt (b) 1.0
volt (c) 2.0 volt (d) 3.0 volt (e) 4.0 volt (f) 5\Mlt (g) 6.0 volt (h) 7.0 volt.

It is seen that carbon particle density increas#sslight increase of bias voltage
and gradually it reaches to a saturated state.aVbeage distance between two particles
for different cathode bias voltage over 100 stilbges is calculated from the still images
of the stable dust cloud with the help of partickcking code in IDL. The variation of
average distance and corresponding particle defasitifferent biasing voltages is plotted
in fig. 7.
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Figure7: Variation of the mean distance and correspondartigte density with cathode
bias voltage
With the increase of negative cathode bias voltdgeion reaches to the graphite
cathode surface with higher momentum and erode wemtmon particles when the other
discharge parameters are kept constant. It is toobed that opposite trend in the dust
density is observed when the cathode is biased tvélpositive voltage (not shown in
figure).

3. Conclusion

An experiment has been carried out to study thégmgrowth in a DC glow discharge
argon plasma with two parallel graphite electrodé® experimental results showed that
the more carbon particle erode if the experimematgehperformed for longer time and
higher discharge voltage and background pressine sputtering process becomes more
efficient when the cathode is biased with negatietage. We believe, our experimental
results will be helpful to fusion community to umskand the sputtering from carbon walls
of different tokamaks.

Acknowledgment. The authors are grateful to the Board of Researd®uiclear Sciences,
DAE, Government of India for financial support targy out this work under the project
No. 39/14/20/2016- BRNS/34173 dated 15/07/2016.

REFERENCES

1. J. Winter, Dust in Fusion Devices - Experimentaldence, Possible Sources and
Consequenceflasma Phys. Control. Fusion, 40 (1998) 1201.

2. J. Roth, E. Vietzke and A. A. Haasz, Atomic andspia —wall interaction data for
fusion, Suppl. Nucl. Fusion, 1 (1991) 63.

3. Ph. Chappui et al., Dust characterization and aisiyn tore supra, J. Nucl. Mater.
290-293 (2001) 245.

4. W. J. Carmack, M. E. Engelhart, P. B. Hembree, KM& Carty and D. A. Petti,
“DIII-D Dust Particulate Characterization”, Extetr@eport INEEL/EXT-97-00702
(November 1997).

5. A.T. Peacock et al., Dust and Flakes in the JETIM#ivertor, analysis and results, J.
Nucl. Mater., 423 (1999) 266-269.

55



6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

J. Pramanik, P. Patra and P.Bandyopadhyay

J. Winter and G. Gebauer, Dust in magnetic confernfusion devices, J. Nucl.
Mater., 228 (1999) 266-269.

A. Bouchoule and L. Boufendi, High concentratiofeefs in dusty plasmas, Plasma
Sources Sci. Technol., 2 (1993) 204.

C. Arnas et al., Experimental study of differentbma dust growth mechanisms, J.
Nucl. Mat.. 69 (2005) 337-339.

G. Federici et al., Nuclear fusion research: urtdading plasma-surface interactions,
Nucl. Fusion, 41 (2001) 1967.

P. Roubin et al., Raman spectroscopy and X-rayadifion studies on some deposited
carbon layers in Tore Supra, J. Nucl. Mat., 99@BB37-339.

C. Arnas and A.A. Mouberi, Thermal balance of carlpanoparticles in sputtering
discharges, Journal of Applied Physics, 105 (20&3301.

C. Arnas et al., Effect of the growth and the ckam§carbon nanoparticles on direct
current discharges, Physics of Plasmas, 20 (2013jdb.

S. Sarkar, M. Bose, J. Pramanik, S. Mukherjee, Hixy@atal observation of the
behaviour of cogenerated dusty plasma using a diigmilsed direct current power
supply, Physics of Plasmas, 20 (2013) 024506.

S. Sarkar, M. Bose, S. Mukherjee, J. Pramanik,i@eatporal evolution of dielectric
driven cogenerated dust density waves, Physictashias, 20 (2013) 064502.

R.A. Quinn, et al., Sturctural analysis of a coutolattice in a dusty plasma, Phy Rev
E, 53 (1996) R2049

Liu Bin, Goree J. et al., Characterization of thdémensional structure using images,
Rev. Sci. Instrum., 86 (2015) 033703.

56



