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Generation of silver nanoparticles in plasma-liquid system with secondary discharge that supported by rotating
gliding discharge was investigated in work. Parameters of liquids after plasma treatment were investigated by
absorption spectroscopy method. The Atomic Force Microscope (AFM) was used to determine the particle sizes

obtained during the processing.
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INTRODUCTION

Production of nano-materials with different nature,
like carbon, non-metallic or metallic nanoparticles in
plasma systems is one of the perspective directions of
plasma technology [1]. In the world there is a problem
with bacteria that are resistant to antimicrobial drugs
(they are called super bacteria). Every year they kill up
to 700000 people and every year this number increases.
Development of new classes of antibiotics is slow and
increasingly paying attention to research alternative
methods of combating microbial infections. One of the
important  directions in  developing alternative
antibiotics is the use of nanoparticles. The noble metal
nanoparticles (silver especially) has wide application in
medicine: sterilization, healing acceleration and
stabilization of bactericidal ointments [2, 3]. One of the
effective methods to produce such particles is the
processing of these metals salt colloidal solutions using
electric discharge. The plasma-liquid system with
secondary discharge that supported by rotating gliding
discharge can be used for this task. The interest to
systems with rotating gliding discharge is caused
because such discharge allows obtains non-equilibrium
atmospheric pressure plasma with large cross section.
This provides a large contact area between the plasma
and the treated liquid. The plasma-liquid system with
secondary discharge that supported by rotating gliding
discharge was used in this work for production of
nanoparticles of noble metals. A potential jump created
by a secondary discharge above the liquid surface
provides more efficient penetration of active particles
from plasma into the liquid.

1. EXPERIMENTAL SETUP

The scheme of plasma generator is shown on Fig. 1.
The secondary discharge is maintained between the
liquid surface and the channel of primary discharge. The
plasma-forming gas was supplied in the discharge
chamber through two supply channels tangential to the
inner cylindrical wall of the reaction chamber. The
working liquid was placed below primary discharge in a
glass vessel.
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Fig. 1. The scheme of the plasma-liquid system with
secondary discharge

The electrical potential is transferred to the liquid
through the electrode at the bottom of the vessel. For the
generation of discharges, DC and AC power supplies
were used. Ballast resistance were used to limit the
maximum current and stabilize the discharge mode.
Cathode in the system has a conical shape, and anode is
made in the form of a flange. The central part of anode
is pushed outside the flange to reduce the distance
between liquid and plasma of primary discharge. The
diameter of the central hole in anode is 6 mm. The
distance between electrodes of a primary discharge is
1 mm. The distance between liquid surface and anode of
a primary discharge is h; = 1 cm, and the distance from
bottom electrode to the liquid surface is h, = 1.5 cm.
The system is sealed with a glass cylinder in order to be
able to work with different gases. Argon (Ar) was used
as a working gas.

Solution of AgNO; with addition of different
concentrations of surface-active substances was used as
a working liquid.

Parameters of liquids after plasma treatment were
investigated by absorption spectroscopy method. The
Atomic Force Microscope (AFM) was used to
determine the particle sizes obtained during the
processing.
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2. RESULTS AND DISCUSSION

The dependence of silver nanoparticles generation
from the concentration of PVP (polyvinylpyrrolidone)
in solution was investigated in work. AgNO; aqueous
solutions with addition of surfactant
(polyvinylpyrrolidone) in different amounts were
treated Table.

The composition of the samples

Ne M.M. PVP C, PVP %
31 50 000 0,038
32 50 000 0,050
33 50 000 0,063
34 50 000 0,076
35 40 000 0,063

The solutions processed in one mode of the system.
The current of primary discharge (rotating gliding
discharge) was 100 mA and the voltage was 160 V. The
secondary discharge was the alternating current. The
current of secondary discharge was 100...180 mA and
the voltage was 1.9...2.2 kV. The Ar flow was 10 I/min,
solution processing time 90 s.

Fig. 2. Photo of a plasma-liquid system and solution:
a — before treatment; b — after treatment

During the treatment, the color of solutions was
changed. The Fig. 2 shows photos of the plasma-liquid
system and solution in it before and after processing.

The absorption spectra of AgNO; aqueous solutions
before and after plasma treatment are shown on Fig. 3.
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Fig. 3. The absorption spectra of AgNO; aqueous
solutions. Processing time 90 s. Flow of argon
10 I/min

From absorption spectra we can see that in solutions
after plasma treatment an intensive absorption band in
the vicinity of 420 nm is observed. This band and
darkening of the solution indicates about formation of
silver nanoparticles.

To see if solutions are changing in time absorption
spectra of processed solution were measured for several
days.
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Fig. 4. The absorption spectra of AQNO3 aqueous
solutions. Processing time 90 s. Flow of argon 10 I/min.
Stability of treated solutions
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The absorption spectra of solutions were changed in
time. The maximum in the vicinity of 420 nm for "/l omel
samples 31, 34 and 35 decreased. These solutions a0
returned to the initial state that was before processing.
The solutions become transparent. Samples 32 and
33 remained yellow (Fig. 4). These two samples proved £
to be quite stable in time. The maximum in the vicinity
of 420 nm in these samples decreased by 1.5...2 times
in three days and settled down. The absorption spectra
for samples 32 and 33 correlate with the preliminary R L R AR
results obtained for the PP concentration of 0.063 %. _ X

The distributions of the particle size obtained on the : -
AFM for solutions that have been stabilized are shown Fig. 6. Particle size distribution
on Figs. 5, 6. To determine the size of the particles on
the AFM solutions were diluted in 10 times. CONCLUSIONS

pomm |2 i 6 8 10 12 14 [Toe7om 1. The sizes of nanoparticles measured a few days

65.0

after processing were tens nanometers.
o0 2. The process of dropping silver from nitrate in
ss0 | aqueous solution is quite intense, but in some cases it
wo - leads to the formation of macrophages, followed by

their deposition.
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TEHEPAIIMSI HAHOYACTHI] CEPEBPA B IUIA3MOXKHJIKOCTHOM CUCTEME C BTOPUYHBIM
PA3ZPAIOM, NOJAEPKUBAEMBIM BPAIIAIOIINMCS CKOJIB3ANUM PA3PAI0OM

B.A. Yepnsak, B.B. IOxumenko, K.B. IOxumenxo, O.B. Konomuey, IO.M. Camuenxo, /I.K. I'amazun,
A.H. I'opauko

HccenenoBanack reHepalus HaHOYAacTHI[ cepedpa B IIa3MOXKUAKOCTHOH CHUCTEME C BTOPUYHBIM Da3psioM,
MOJJIEP)KUBAEMBIM BPAIIAIOIINMCS CKOJIB3SIIUM pa3psigoM. [lapamMerpsl sKuIKoCTel mocie ma3MeHHoH 00paboTku
HCCIIeTIOBAITICh METOJOM abCOPOIMOHHON CIIEKTPOCKONUH. ATOMHO-CHIIOBOH Mukpockon (ACM) ucmons3oBaicst
JUISL OTIPEJICNICHNS] Pa3MEPOB YaCTHII, TIOJ[yYEHHBIX BO BpeMs 00pabOTKH.

TEHEPAIISI HAHOYACTHUHOK CPIBJIA B IJIA3MOBO-PIJIMHHIIN CUCTEMI 3 BTOPUHHUM
PO3PAAOM, IO HIATPUMYETHCA OBEPTOBUM KOB3HUM PO3PAJ10OM

B.A. Yepnsak, B.B. IOxumenxo, K.B. IOxumenxo, O.B. Konomicys, FO.M. Camuenko, /I.K. I'ama3sin,
A.M. I'opauxo

JocnimxyBaiiach reHepallisi HAHOYaCTHHOK cpi0yia B IUIa3MOBOPIAMHHIA CHCTEMI 3 BTOPUHHUM DO3PSAOM, IO
HiATPUMY€ETBCSI 00EpTOBUM KOB3HMM po3psiioM. [lapamerpn piamHU micns miia3MoBoi 0OpOOKH JTOCHIJDKYBAJIHCh
MeToJIoM abcopOIiiHOI criekTpockomii. AToMHO-cuiIoBUi Mikpockon (ACM) BUKOPHCTOBYBABCS [UIsi BU3HAYEHHS
PO3MIpiB YaCTHHOK, SIKi OyJIM OTpUMaHi ITiJ 9ac 0OpoOKH.
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