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Application of cold atmospheric plasma for the sterilization of objects of complex form

Poor healing wounds are a rather difficult problem for doctors, since they complicate even the most
successful treatment. For example, in diabetes mellitus wounds arise due to injured vascular disease,
with oncology and HIV - due to suppressed immunity, and in the elderly the reason is the low rate of cell
division. The treatment of such wounds by the usual methods is very problematic, and sometimes it is
simply impossible. It is also complicated because of the fact that such wounds usually have large sizes
and complicated forms. It is possible to solve these problems with the help of low-temperature plasma.

The article considers the possibilities of using a cold plasma stream, its sterilizing and disinfecting
properties. There are a lot of methods of sterilization and disinfection available in the world. The use of
solutions of chemical agents, boiling, ionizing radiation, dryers, gas sterilizers have their advantages
and disadvantages. Cold plasma can be used not only for therapeutic influences, but also for the
treatment of tools and materials for the treatment of intradermal infection. The structure of the
construction, which allows to increase the area of treatment with cold plasma jets, is proposed. The
possibility of processing difficult-to-reach areas and objects of complex form is considered.

In the conclusion, an analysis was made of the use of the design of a multi-stream creep plasma
generator for therapeutic effects and to achieve antibacterial effects.
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1. Introduction. The modern period of development of medicine is characterized by an increase in the
number of surgical infections and postoperative purulent-inflammatory complications. It is based on general
biological reasons, which are based on changes in the immunological resistance of the human body, as well as
the causes associated with technical progress. The possibility of invasion of chronic infectious agents is
increasing due to the increase in traumatism, the volume and duration of surgical interventions, as well as the
wide use of various technical means of synthetic implants, metal constructions, intravascular catheters, etc.
Sterilization and treatment of open wounds, burns of complex form, as well as surgical instruments and various
constructions can be performed using a stream of cold plasma jets.

Cold plasma has a wide range of applications due to its ability to control its physical and chemical
parameters. Numerous experiments in vivo and in vitro show that low-temperature atmospheric plasma has a
valuable health impact with high potential applications: antibacterial, fungicidal and antiviral; disinfection of
tissues [1-3], treatment of wounds and burns [4-6], therapy in oncology and dermatology [7-9], sterilization of
different surfaces and food [10-13], etc. Various plasma parameters such as a mix of ions / electrons, their
spatial and energy distributions, temperature, power, light radiation spectrum, jet shape and environmental
conditions affect the convenience and the ability of its use. For example, a jet with a uniform distribution of
plasma parameters on the treated site should be created to achieve a uniform sterilizing effect. In order to achieve
widespread use of cold plasma in medicine, it is first necessary to solve the problem of increasing the plasma
treatment area. This will allow to process uneven, and sometimes liquid surfaces (deep open wounds, food,
water, complex surgical instruments). Such small sizes allow the use of plasma in localized areas, such as cell
processing [14] and dentistry [15-17]. This possibility is not best realized by separate reactive sources of cold
plasma, in diameter from a few millimeters or less. Large sources of cold plasma generation in tens of
centimeters are needed to solve this problem.

2. Peculiarities of the cold plasma use. A large number of experiments prove that the cold (non-
equilibrium) plasma has rather valuable properties with a high potential medicine use i.e. bactericidal and
antiviral action, and also affects blood coagulation, the immune system, cancer cells. The interest of modern
medicine in the use of generators of cold atmospheric plasma is resulted in their relative simplicity and high
efficiency. The use of such generators in developed countries began about ten years ago and is now becoming
more widespread.

Cold plasma kills bacteria better than antibiotics [18, 19]. When treating wounds with cold plasma, a wide
range of nutrients (NO, O3, OH-, 02-, H202, UV-radiation), that destroy pathogenic microorganisms and toxic
substances that are products of their life, are created. It has now been clinically proven that cold plasma is an
effective means of inactivating microorganisms, so it is used to disinfect wounds and sterilize medical
instruments.
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A very large overview of the medical applications of cold plasma is given in [20], and the bibliography
(which mainly refers to medical articles about the results of cold plasma therapy) has more than 300 titles.
Clinics of Western Europe (first of all Germany, Italy and France) and the USA are the main consumers of
therapeutic devices using cold plasma. The variety of areas of cold plasma use in medicine determines the need
for various constructive solutions for cold plasma generators. The «universal» plasma generator cannot be, but
there is and will always be necessary for highly specialized plasma equipment [21].

3. Classification of types of cold plasma generators. With all the variety of devices for cold-plasma
therapy, there are relatively few types of cold plasma generators. By the type of gas used, the sources of cold
atmospheric, helium, and argon plasma were most widely used. The sources of atmospheric plasma are of
greatest interest precisely as the most universal. Their main advantage is the lack of the need in a gas cylinder
(balloon) and the ability to produce plasma directly from the air.

Depending on the design of the “igniter” part of the cold plasma generators, five main types of structures can
be identified:

- dielectric barrier discharge (DBD type) [21];
- pin-to-hole discharge (PtH type) [19, 22, 23];
- hybrid construction (contains the elements of both DBD and PtH types) [21];
- plasma blanket [21];
- piezoelectric generator [24];
- gliding arc plasmatron [25].
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Figure 1. Structural diagram of most types of cold plasma generators

With the exception of the piezoelectric cold plasma generator, the principle of operation of all other types
can be described using the structural diagram shown in the Figure 1. The control signal from the system of its
formation goes to the amplifier, and the signal amplified by power is fed to the high-voltage block. The system
of gas discharge formation with the help of the corresponding electrodes generates either a plasma jet (PtH type)
or a discharge distributed over the area (DBD type or plasma blanket). A power supply is required to operate the
entire system. The blocks indicated in the diagram in white color are electronic blocks without any mechanical
features, and the gas discharge formation system (denoted by gray color) is a mechanical system of electrodes.

A separate type of cold plasma generators should be allocated to multi-jet devices [26]. They are built on the
basis of cold plasma generators of the type PTM, which are recruited in a row or matrix.

4. Multi-jet CP-generator for processing objects of complex shape. This paper studies the idea of a new
installation for creating a flow of low-temperature atmospheric plasma with a multi-flow zone of discharge,
which provides a wide area of homogeneity of the main characteristics of the plasma.

Figure 2. Multi-jet cold plasma generator for processing objects of complex shape
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Figure 2 depicts the scheme of construction of a multifunctional system of cold-plasma processing of
complex shape samples, where:

1 — hinges that change the shape of the structure;

2 — cold plasma generator device, which works on a pin-to-hole type of discharge;

3 — plasma jet;

4 — the object that is being processed.

The number of generators can vary from one to seven and more. In cold plasma generators operating on a
pin-to-hole type, high voltage pulses are fed to electrodes protected by a dielectric cylindrical housing. One of
the electrodes is a ring, and the other is made in the form of a probe along the central longitudinal axis of the
cylinder. An inert gas or air is pumped into the cylinder under low pressure. The gas is ionized when it passes
between the electrodes and the resulting plasma goes outside under pressure.

One of the very promising options for generators of cold plasma for this application is the design described
in [27]. Its main advantage is that in such a design the plasma is formed directly near the nozzle, which
substantially reduces the loss of the degree of ionization of the gas before it comes into contact with the object
being processed.

5. Conclusion. The structure of the multi-jets unit for the processing of objects of complex form is
proposed. The advantages of this installation are flexibility, change in design size. The number of jets can be
changed from two to seven. It provides mounting with moving hinges. These same hinges make it possible to
change the direction of plasma jets. Such advantages of the design allow to handle various complex wounds,
when the patient is immovable, to sterilize surgical instruments, implants, etc., to disinfect various solutions.
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