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HETEROGENEOUS CATALYSIS IN SOLVING OF 
ENVIRONMENTAL AND ENERGY PROBLEMS

Plasma spray deposition technology developed at the Plasma Processing Laboratory (PPL) enables the formation of catalytic, tribological, protective 
and hard ceramic coatings used to improve operational properties of surface layers of constructional materials in mechanics, chemistry, environmental 
protection, energy and medicine.

In the plasma device, which supplies nonequilibrium atmospheric pressure plasma jet with unbalanced separate component temperatures, various 
materials are activated, synthesized and reach the processed surface having different energy. This provides necessary conditions for certain chemical 
reactions to be blocked in plasma jet and substratum surface. gphase Al2O3 coatings with extremely developed and active surface were synthesized, 
and this relevant while developing catalytic coatings. After heating at certain temperature, the coating specific surface was enhanced even more.

Specific attention has been focused on the deposition and investigation of micro- and nanostructured coatings from inorganic oxide materials: Cu, 
CuO, Cr2O3, Ni, Al2O3, TiO, zeolites, etc. and their mixtures for catalytic application. Air, argon, hydrogen, nitrogen and their mixtures were used as 
plasma forming gas. 
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The mean temperature of the working gas along the axis of the burning arc was 3000 – 4000 K, while the flow velocity was equal to 300 – 500 ms-1. 
Determination of microstructure and element and phase composition of the obtained products was carried out using X-ray diffraction analysis and 
scanning electron microscopy, along with studies of mechanical properties of the material. 

The practical application of prepared catalytic coatings for efficient evironmental pollutants conversion process has been realized. 

The investigation of catalytic and mechanical properties of coatings, as well as mass and chemical processes during the decomposition of CO, SO2, 
NOx was performed using the analytical equipment and specific experimental setup. 

Prepared catalysts can improve effectively air cleaning process.



SYNTHESIS OF CATALYTIC COATINGS

Schematic presentation of the plasma deposition process
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The deposition process is backed by extensive knowledge on plasma physics and technology.

The gas passes through the arc with dissociation-and-ionization process until it forms plasma, which is stabilized by direct-current source. The coating 
material is introduced as a powder in a jet of a carrier gas. The particles enter the jet either internally or externally. The main factors that influence metal oxide 
structured films deposition are: pressure, plasma forming gas and precursor flow rate, substrate temperature and torch power.

Depending on plasma jet construction,  coatings can be grown at substrate temperatures between 350 oC and 500 oC. Temperature also affects films growth 
rate. Deposition rate and the crystal grain size increase with increasing substrate temperature. The growth rate of metal oxide films increases with the increase 
of precursor concentration in the plasma forming gas. However, increasing the particles concentration, decrease quality of films. Usually concentration of 
precursor in gases varied from 0.5 % to 1 % of total gas flow.



Several plasma spray systems have been used for deposition of wide range coatings. Plasma torches of special configuration were adjusted for operating by
feeding air, nitrogen, propane-butane, acetylene or CO2 gases in the mixture with dispersed particles under the possibility of injection directly into the reacting
arc zone.

PLASMA SYSTEMS SYSTEMS FOR DEPOSITION OF COATINGS
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Three types of plasma torches were developed for deposition of catalytic coatings. The power supply of the torch is connected with voltage rectifier of verified
voltage. It includes current stabilization and precise regulation systems.
The gas passes through the arc with dissociation-and-ionization process until it forms plasma, which is stabilized by direct-current source. The geometry of the
copper anode forces the rapidly expanding gas to accelerate and results in the formation of a high velocity, high-temperature jet. The coating material is
introduced as a powder or vapour in a jet of a carrier gas. The particles enter the jet either internally or externally.
The main parameters were used in the production of catalytic coatings at atmospheric pressure: power supply – 35 kW, arc current – 180-200 A, the main flow
rate of the working gas – 1,5-3� 10-3 kg� s-1, the additional flow rate of air – 1-3·10-3 kg� s-1, the temperature of the gas leaving plasma torch – 3000-3500 K
and the mean velocity – 500-650 m� s-1. The heat flux density is 106-108 kW/m2, the flux of particles in the torch ~1025 m-2� s-1.



PLASMA SOURCES AND THEIR CHARACTERISTICS

BEHAVIOUR OF ELECTRIC ARC DURING PLASMA DEPOSITION PROCESS
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The careful study of electro dynamical electric arc theory and solving problems of plasma flow diagnostics allowed the design of plasma arc generators 
working for long time. New plasma sources allowed the successful investigation of high temperature processes in channels of different configuration, heat 
exchanger cells and elements of plasma chemical reactors. New general equations for calculation of that heat transfer and gas dynamic were found applicable 
to channels of MHD generators, rocket engines, plasmachemical quenching equipment and gas dynamic lasers devices.

Operating characteristics of plasma torch The main operating parameters: power supply P = 35–90 kW, 
arc current I = 150–250 A, voltage U = 200–350 V, total gas flow rate G = 5–23 gs-1. The working gas 
– air, argon, hydrocarbons, acetylene.



Sample No in Figure Amount of used substances in the coating mixture, %

Al(OH)3 CuO Cr2O3 Pure Cu

1 72 10 10 0

2 85 7 0 0

3 87 0 0 5

CATALYTIC MATERIALS

Specific attention has been focused on the deposition and investigation of micro- and nanostructured coatings from inorganic oxide materials: Cu, CuO, Cr O , 
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Specific attention has been focused on the deposition and investigation of micro- and nanostructured coatings from inorganic oxide materials: Cu, CuO, Cr2O3, 
Ni, Al2O3, TiO, zeolites, etc. and their mixtures for catalytic application. Air, argon, hydrogen, nitrogen and their mixtures were used as plasma forming gas.



CATALYTIC MATERIALS AND REGIMES OF DEPOSITION

Sample No Power kW Current A Flow rate�10-3

kgs-1
Jet tempera-

ture, K
Velocity m/s BET area 

m2/g
Amount of � -

Al 2O3, %
Annealing
temperature, K

77 32,6 145 4,5 3252 616 57,6 70 810

85 32,6 145 4,5 3252 616 52,5 50 810

86 32,6 145 4,5 3252 616 54,4 65 810

87 32,6 145 4,5 3252 616 42,0 62 810

88 32,6 145 4,55 3283 628 60,5 70 830

89 32,6 145 4,55 3468 567 70,5 70 830

90 33,3 146 4,5 3293 621 62,0 67 830

The effect of sample preparation on surface area of Al(OH)3 coatings doped with CuO and Cr2O3
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SYNTHESIS AND CHARACTERIZATION OF CATALYTIC COATINGS

Catalytic coatings doped with CuO+Cr2O3 deposited at different conditions
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XRD patterns of titania: 1 – started powder and 2-4 – plasma sprayed 
titania: 2 – regime 2, 3 – regime 1, 4 – regime 3

XRD patterns of catalyst doped with CuO+Cr2O3



CATALYTIC COMBUSTION BEHAVIOUR
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Catalytic coatings and catalytic converter
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CATALYTIC COATINGS, FIBERS AND GRANULES (samples)

SEM micrographs of plasma-sprayed titania coatings deposited by regime 1 (a), regime 2 (b) and 
regime 3 (c)

Aluminium oxide fiber and 
granules at 2150 K flow 
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Plasma technology is the only alternative to obtain a high quality high-temperature fibre. Melting ceramic materials and forming a mineral fibre, an 
experimental plasma device with high capacity plasma generator has been developed at the Plasma Processing Laboratory . It enables to form a fibre from 
dispersed particles, using air as plasma forming gas and auxiliary (Ar, N2, propane-butane) gas mixtures. 
The study covers results of production of high thermal resistant granules, fibres and ceramic coatings by plasma spray technology. Aluminium hydroxide, pure 
kaolin and their mixtures with 20, 50 and 80% quartz sand, yttria partially (10wt%) stabilized zirconia and titanium dioxide were injected into air plasma jet 
generated by DC linear plasma torch. Hard ceramic granules and fibres were produced in the plasmachemical reactor, which is directly connected with a 
plasma torch.
It has been found that the motion and interaction of melted domains in high temperature air jet mainly depend on the precursor‘s composition, plasma jet
parameters, exposure time and plasma torch construction. Particle moving in the high temperature jet for two times changes its aggregate state, whereas its
velocity and temperature at control surface located at x/d=12 from the exhaust nozzle is larger than the average velocity of gas jet and depending on size and
mass reaches 150 – 400 m·s-1. The mean temperature of the working gas along the axis of the burning arc was 3000 – 4000 K, while the flow velocity was
equal to 400 – 500 ms-1.

granules at 2150 K flow 
temperature



Low capacity PT: The main parameters in the production of catalytic coatings at reduced pressure: power supply – 3—5 kW, arc current – 35—45 A, the 
main flow rate of the plasma forming gas – 0,1—0,4·10-3 kg·s-1, the additional flow rate of air – 0,01—0,05·10-3 kg·s-1, the temperature of the gas leaving 
plasma torch – 3500-5000 K and the mean velocity – 300-600 m·s-1.
Large capacity PT (right): The power suply is 75 – 90 kW (right), arc current – 350—400 A, the main flow rate of the working gas – 1,5—7·10-3 kg·s-1, 
the additional flow rate of air – 1—5·10-3 kg·s-1, the temperature of the gas leaving plasma torch – 3500-5500 K and the mean velocity – 500-700 m·s-1.

SYNTHESIS AND CHARACTERIZATION OF MICRO- AND NANO 
STRUCTURED CATALYSTS
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BEHAVIOUR OF THE ELECTRIC ARC  

c 

SAMPLES  
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Plasma Processing Laboratory is a subdivision of Lithuanian Energy institute. The staffs of Laboratory have over 40 years experience in the work with 
plasma devices for processing technologies of materials and construction of the plasma equipment (plasma torches, plasma chambers, incinerators, etc.). 
The emphasis has been made on the atmospheric pressure plasma; however the staff of Laboratory has equipment, knowledge and experience on the low-
pressure plasma. Energy supply reserves of the Laboratory reach up to 250 kW in d.c. regime; the equipment needed for handling plasma process is on the 
disposition. In parallel the research in plasma application for environmental protection is conducted.
RECENT PUBLICATIONS OVER 2006-2011 :

PUBLICATIONS OF PPL IN THE FIELD OF DEPOSITION OF CATALYTIC 
COATINGS
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Part-financed by the European Union (European Regional Development Fund
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