
Investigation of Extended Dusty Plasma Structures

A.I. GOLOVANOV, S.F. PODRYADCHIKOV, A.I. SCHERBINA
Faculty of Physical Engineering, Petrozavodsk State University
(33, Lenina Ave., Petrozavodsk 185000, Russia; e-mail: dermeister26@gmail.com,
psf@lab127.ru, dusty@lab127.ru)

INVESTIGATION
OF EXTENDED DUSTY PLASMA STRUCTURESPACS 52.27.Lw, 01.50.Pa

We continue to produce and to grow dusty plasma structures in a DC glow discharge plasma.
The size of dusty plasma structures is comparable to the size of the positive column. The pre-
vious studies have shown that the such dusty plasma structures can involve over 106 particles.
K e yw o r d s: dusty plasma, extended dusty plasma structures, complex plasma.

1. The Growth
of Extended Plasma-Dust Structures

Initial estimates show that the structure is about 73%
of the plasma volume (determined by the boundaries
of a glow) and about 40% of the internal volume of a
discharge tube in this area. The volume of structures
was about tens of cm3. With regard for the interpar-
ticle distance, the number of particles in the plasma
can be estimated to be about 6.5 million [2]. In the
experiments, we use the argon glow discharge. As a
dust, we took either a polydisperse zinc powder with
the main fraction of particulates several microme-
ters in size or an MF monodisperse powder with
a particle size of 3.28 microns. The discharge tube
had a container with particles at its upper end. The
injection of particles occurred by shaking the con-
tainer. Shaking the container happened every time
with the same force, and, thus, we can say about the
relative constancy of the number of particles thrown
into the plasma. The growth mechanism of plasma-
dust structures in all cases was the same. After the
first injection, a small structure, which is the cen-
ter of crystallization for the subsequent completion
of particles, is formed. In many cases during the first
injection, the vast number of injected particulates is
not retained in the observed strategies and fall to
the bottom of the discharge tube. Only a small num-
ber of particles are organized to form a small struc-
ture. This structure forms the core, around which the
subsequent injection of new particulate powder being
completed. With the growth of the number of parti-
cles of a dust formation, flying by the structure and
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falling to the bottom of the discharge chamber, is re-
duced. A structure generally grows in the axial and
radial directions.

2. Zinc Particles in Argon Plasma

The experiments were conducted in the pressure in-
terval 10–200 Pa and discharge currents between 0.5–
8 mA. In most cases, the lower boundary of this cur-
rent was a current, at which the discharge is not at-
tenuated by the dust injection. Typically, the lower
bound is larger than 1 mA. The upper boundary was
a current value, at which the structure was not able
to grow even with a large injection of dust particles
at a given pressure.

Sufficiently important is the fact that the registered
extended dust structures are unique in terms of the
volume occupied by the plasma space. Their unique-
ness lies not only in that they have a large volume, but
also in the fact that they occupy the whole current-
carrying section of the channel, i.e., they fill in the
entire region of the plasma, by possibly changing the
conditions in the plasma.

After repeated measurements, we observed the
presence of an extended region of the dusty struc-
ture shown in Fig. 1. The area lies between the two
curves, which show the lower and upper limits of the
discharge current. In the region between the curves,
a long dusty structure can be formed. At lower pres-
sures, the structure is not built because of strong fluc-
tuations, which lead to the destruction of the struc-
ture. At high pressures, the dust structure consists
of the individual strata that are not combined into
a single monolithic chip. The growth rate depends
on the structure of the discharge current flowing. The
growth rate of the dusty plasma structure is defined
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Fig. 1. Area of existence of extended dusty plasma structures in argon
plasma

Fig. 2. Growth of dusty plasma structures in argon plasma.
Zinc particles are used

Fig. 3. Growth of dusty plasma structures in argon plasma.
MF particles are used

as the ratio of the volume of a dusty plasma struc-
ture to the amount of dust injected into the dis-
charge. When the current increases, the structure is
growing faster than at a lower current, but if the cur-
rent reaches a certain threshold, the structure ceases
to be built. For comparison, in argon at a pressure
of 40 Pa and a current of 2 mA, the structure grows
twice faster than at the same pressure and a current
of 1.5 mA.

The graphs (Fig. 2) illustrate the dependence of
the dusty plasma structure of zinc particles in ar-
gon plasma on the number of injections for differ-
ent discharge currents. The gas pressure in the tube
is 60 Pa.

3. MF Particles in Argon Plasma

In the experiments discussed above, uncalibrated
zinc particles have been used. Unlike previously used
zinc particles, melamine-formaldehyde is a monodis-
perse powder with a known particle diameter of
3.28 microns. The melamine-formaldehyde powder
has non-metallic nature, unlike zinc. In this case,
we have an opportunity to test the hypothesis that
the length of the plasma-dust structures are pos-
sible only with the participation of metal pow-
ders. Experiments were carried out at pressures in
the interval 40–50 Pa, and a discharge current was
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1 to 3 mA. As a result, we managed to obtain the
dust crystals of more than ten cubic centimeters in
volume, which is comparable to the volume of the
positive column. Thus, this work shows that the ex-
tended plasma-dust structures can consist of non-
metallic powders.

The graphs illustrate the dependence of the plas-
ma-dust structure formed from melamine-formalde-
hyde in argon plasma on the number of injections for
different discharge currents. The gas pressure in the
tube was 40 Pa.

4. Results

We have obtained the extended plasma-dust struc-
tures in the systems Ar–Zn and Ar–MF. The bound-
ary parameters are given by the discharge current and
the pressure, at which it is possible to obtain the ex-
tended plasma-zinc-dust structures in argon plasma
for three different discharge tubes, as well as the ex-
tended plasma-dust-MF structures in the glow dis-
charge of argon.
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ДОСЛIДЖЕННЯ ПРОТЯЖНИХ
ПЛАЗМОВО-ПИЛОВИХ СТРУКТУР

Р е з ю м е

У данiй роботi продовжено отримання та вирощування в
плазмi тлiючого розряду постiйного струму пилових стру-
ктур, розмiр яких можна порiвняти з розмiром позитивно-
го стовпа розряду. Попереднi дослiдження показали, що в
такi пиловi освiти може бути залучено понад 106 макроча-
стинок.
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