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Influence of Spaying Parameters
on the Property of Detonation Coatings Based on Ta

This paper investigates the influence of sputtering parameters on the properties of tantalum-based detonation
coatings. One of the key parameters in sputtering is the volume of barrel filling, which affects the properties
of the resulting coatings. Tantalum coatings were produced at various levels of barrel filling with explosive
gas, specifically at 50-70% fill levels. The results demonstrated that the roughness of the coatings decreases
as the barrel fill volume increases, leading to coatings with a more homogeneous structure. Additionally, the
tests revealed that coatings produced at 60% fill exhibited superior corrosion resistance compared to the other
samples. Based on these findings, the optimal barrel fill level for explosive gas was determined.
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Introduction

Modern industries such as power generation, aviation, aerospace and medical technology are faced with
the need to protect equipment from severe wear and corrosion. Various methods of spraying protective coat-
ings are used to increase the durability of equipment and prevent its premature destruction [1-4].

Tantalum-based coatings have unique properties that allow them to withstand very high temperatures
without losing their mechanical properties [5]. This makes it particularly valuable in industries such as aero-
space, energy and chemicals, where materials are often subjected to extreme temperature conditions. For ex-
ample, in the aerospace industry, tantalum is used in the production of parts for rockets and airplanes, where
high strength and resistance to heat are required [6—8]. In addition, tantalum is characterized by high corro-
sion resistance, which allows it to retain its properties even in aggressive chemical environments. Tantalum-
based coatings also demonstrate exceptional resistance to thermal cycling, which allows them to retain their
characteristics even under abrupt temperature changes. Various sputtering methods are used to produce tan-
talum (Ta) coatings. The most efficient and advanced method is powder detonation sputtering, which has a
number of important advantages over other sputtering technologies such as plasma or arc sputtering [9—11].
The main advantage of the detonation method is the very low porosity of the coating, which ensures high
corrosion resistance even in the most aggressive environments. In addition, due to the high speed and energy
of the process, detonation spraying produces coatings with high adhesion to the base material, which allows
them to retain their properties even under intense mechanical and thermal stresses [12]. Unlike plasma spray-
ing, which is often characterized by high porosity and requires sophisticated equipment for process control,
detonation spraying produces coatings with a dense structure and fewer internal defects. This makes it the
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preferred choice for protecting highly loaded parts such as turbine blades and power heat exchangers. Also in
aviation and aerospace, this method can protect critical structural components from the damaging effects of
extreme temperatures and pressures, making it indispensable for these industries [13].

The parameters of detonation sputtering (DS) significantly affect the properties of the resulting tantalum
coating [14]. One of the important parameters of sputtering is the filling of the barrel with gas mixture. In this
connection, the aim of this work is to study tantalum coatings obtained at different degrees of barrel filling.

Materials, equipment and methods of experiments

Heat-resistant low-alloy steel 12Kh1MF (equivalent to 14MoB63) was chosen as the substrate. The
specimens were ground to obtain an even and smooth surface. After grinding, the specimens were sandblast-
ed. Ta spherical shaped powder with size 1545 pm was used for sputtering (Fig. 1). Detonation atomization
was carried out using a CCDS2000 unit. The modes were alternated depending on the barrel filling vol-
ume (Table). The barrel is filled with gases through a high-precision gas distribution system controlled by a
computer. The process begins by filling the barrel with carrier gas.

Table
Spray mode of detonation spraying
Sample Fuel / oxide ratio littler Stem fill volume, % Spray distance, mm Number of shots
1 1.026 50 150 15
2 1.026 60 150 15
3 1.026 70 150 15

Figure 1. Image of Ta powder

A Tescan Vega 4 scanning electron microscope was used to analyze the powder morphology and
coating structure.

Microhardness measurement was carried out on a METALAB 502 device in accordance with GOST
9450-76. Also tribological tests were carried out on tribometer TRB3 on the basis of standard method
(international standards ASTM G99), based on the scheme “ball disk” (Fig. 2). Sample rotation speed —
3 cm/s, load 10 N, a steel ball 100Cr6 with a diameter of 6 mm was used as a counterweight.

Corrosion resistance was studied on a CS300-galvanostat potentiostat. It was tested at room temperature
(25°C) in a 3.5% NaCl solution over an area of 1 cm’. A three-electrode cell system was used in the
experiment, in which a silver chloride electrode served as a comparison electrode and a platinum electrode
served as an auxiliary electrode. Before each polarization experiment, the sample was exposed to the electrolyte
by immersion in water for 60 min until a stable open circuit potential (PRC) state was found. The corrosion
potential and current density were obtained from the polarization curves by Tafel extrapolation for the four
samples.The potential was scanned from —0.1 to 0.1 in relative to OCP, and the scan rate was 0.5 mV/s. The
tests were repeated three times for each sample, and the results were analyzed using CS Studio 6.

Results and discussion

Figure 2 shows the results of the coating surface roughness measurement. The measurement results
showed that all coatings are characterized by moderate roughness. At 50 % of barrel filling the coating has
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the highest roughness (Ra = 4.26 pum) this is probably due to the fact that the reduction of particle energy
leads to the formation of protrusions and defects on the coating. When the barrel is filled to 60 % the rough-
ness decreases compared to 50 %, indicating a more uniform distribution of material. The lowest value of
roughness among all samples has a coating obtained at 70 % filling of the barrel, because the decrease in par-
ticle energy leads to complete melting of particles, which reduces the roughness.
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Figure 2. Results of roughness measurement

The corrosion resistance of tantalum-based coatings obtained with different barrel fillings was evaluat-
ed by testing with an open area of 1 cm® at room temperature (25 °C) in 3.5 wt% NaCl solution. The
potentiodynamic polarization curves of the three types of coatings applied by detonation sputtering are
shown in Figure 3. To obtain the electrochemical parameters, the Tafel area of both cathodic and anodic
branches was extrapolated, and the point of intersection of these two lines was used to determine the corro-
sion current density (/..) and corrosion potential (E¢qy).

The presented Tafel diagram (Fig. 2) shows the polarization dependences for coatings obtained at dif-
ferent degrees of filling of the detonation sputtering barrel: 50 %, 60 % and 70 %. In the region of positive
potential displacements (relative to the corrosion potential) there is an increase in the current density, which
is associated with the anodic dissolution of the coating material. The slope of the anodic branch varies with
the degree of filling, indicating different rates of anodic processes. The corrosion potential shifts to a more
negative side with increasing trunk filling degree: For 60 %: a more noble potential (E,,) indicates better
corrosion resistance.

For 50 % and 70 %: the potentials shift towards active values, indicating a decrease in the corrosion re-
sistance of the coating.
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Figure 3. Corrosion test results
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Figure 4 shows the cross-sectional morphology of the coatings obtained with varying barrel fill. The re-
sults of the study show that all coatings have a characteristic structure for detonation coatings. All coatings
are tightly adhered to the substrate without any cracks and failures and no signs of delamination were ob-
served. When filling the barrel, the coating has visible inhomogeneity, which may be due to insufficient par-
ticle energy during sputtering. And when the barrel is filled, the coating shows a more even surface and sig-
nificantly lower porosity compared to 50 % and 70 %.When the barrel is filled to 70 %, the top layer again
becomes less even, cracks and defects are observed, probably related to excessive particle energy.

Figure 4. SEM images of cross-sectional morphology of tantalum coatings obtained with varying barrel fill

Figure 5 shows the dependence of coating hardness on the degree of barrel filling. Coatings obtained at
70 % of filling have low hardness compared to the rest of the samples. This is probably due to the formation
of cracks or internal stresses due to excessive particle energy, which worsens the mechanical properties. At
60 % barrel filling the coating gives the best result in terms of coating hardness, which confirms the most
favorable conditions for the formation of dense and defects of minimal structure.
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Figure 5. Graph of coating hardness distribution

The tribological study was carried out using the ball-disk method. Figure 6 shows a graph showing the
results of the study of the wear volume and wear coefficient of the coating obtained at different fillings of the
barrel. The results of the study showed that at 50 % fill rate the wear volume and wear coefficient are rela-
tively low. This may be due to insufficient particle energy during sputtering, which leads to the formation of
defects in which reduces the wear resistance of coatings. With the increase in filling percentage, we observe
an increase in wear volume and wear coefficient, which may be due to the improvement in coating properties
such as adhesion and coating density. Perhaps the coating at 60 % fill rate becomes denser and more resistant
to stress, which improves its wear resistance. At 70 % fill rate, the highest volume and wear coefficient is
observed which is probably due to excess particle energy.
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Figure 6. Graph of wear volume dependence on the degree of barrel filling

Conclusion

According to the evaluation and analysis of all the results obtained, the following main conclusions can
be drawn on the present research work:

It was found that an increase in the volume of barrel filling leads to a decrease in the surface roughness
value.

It has been established that at various degrees of barrel filling at detonation spraying coatings provide
an increase in strength properties and hardness of the matrix without significant degradation of the surface.

The highest wear volume and wear rate are observed at a 70% fill rate, which may be attributed to the
increased density of the coating, making it less elastic and more susceptible to microcracks and mechanical
damage.

The results of coating hardness tests showed at optimum spraying mode the hardness increases from
742 HV to 986 HV

It has been established that detonation coating technologies provide, under optimal modes, the for-
mation of wear-resistant and corrosion-resistant tantalum-based coatings.
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JI.H. Kokimxkanos, 3.A. CarbaeBa, M.K. JlayT6ekos,
E.C. Typa6ekoB, P.M. Kyansim6aii, A.C. PycremoB

Tozannanapipy napamMerpJiepinin Ta Herizinaeri
AEeTOHAIMAJIBIK Ka0bIHIAPABIH KacHeTTePiHe dcepi

Makanazia To3aHAaHIBIPY MapaMeTPIICPiHiH TaHTa HEeTi3iHAeT AeTOHAMSIIBIK KaObIHIap/IbIH KacueTTepine
acepi KapacThIpbUIFaH. AJBIHFaH Oypikkiml >kaObIHAApABIH KacHETTepiHe acep eTeTiH MaHBI3/bI
napaMmeTpiaepaiH 0ipi — OKMaHIBl >KapbUIFBIII Ta30€H TONTHIPY Kesiemi. TaHTand KaObIHAAPbl OKIAH[bI
TONTBIPYIBIH OpTYPI AeHreinepinae ansiuapl (50-70 %). Hotwxenep okmaHabl TONTBHIPY KeJeMi yiFaiiraH
caiiblH >KaOBbIHIAPBIH Keaip-OyAbIPIbIFEl TOMEHACHTIHIH KOHE KYPBUIBIMBI OipKesKi OOIaThIHBIH KOPCETTi.
Cemak HoTmKenepi 60% ToNThIpy Ke3iHIe >XaOBIHHBIH Oacka YITiUIEpMEH CaNbICTHIPFaHIAa KOPPO3HSFa
TO3IMAIIri KOFapsl eKeHIH aWKbIHAaABl. 3epTTey HOTIKenepi OOHBIHINA OKIAHIBI KAPBUIFBII Tra30eH
TOJITHIPY/IBIH OHTAWIIBI PEXKUMI aHBIKTAJJIBL.

Kinm ce30ep: KaTaiiTy, IeTOHAIMSUIBIK OYPKY, KaTTBUIBIK, TAHTAJ, KOPPO3US, KYPBUIBIM, KaObIH, TPHOOIOTHS

JI.H. Kakumxanos, 3.A. CarbaeBa, M.K. [layTOekoB,
E.C. Typa6ekos, P.M. Kyanpimo6aii, A.C. PycremoB

Biausinne mapaMeTpoB HANBIJICHUS HA CBOMCTBA
AEeTOHALMOHHBIX MOKPBITUI HA OCHOBe Ta

B crartbe paccMOTpEHO BIMSHHME TapaMeTPOB HAIBUICHHS HA CBOWCTBA AETOHALMOHHBIX OKPBITHH HAa OCHOBE
TaHTana. OJHUM U3 Ba)XHBIX 1aPAMETPOB, BIUAIOLIUM Ha CBOMCTBA MOTy4aeMbIX HOKPBHITUH HAaNbUICHHS, SB-
JseTcst 00BbEM 3aI0JIHEHUS CTBOJIA B3PBIBYATHIM I'a30M. BbUIM MOMyueHBI OKPBITHS M3 TaHTaJla TIPU Pa3HbIX
cTeneHsx 3anonHeHus creona (50-70 %). Pe3ynbraThl moka3any, 4TO MPH yBEIHYEHHN 00BEMA 3aMOTHEHUS
CTBOJIA IIEPOXOBATOCTh MOKPHITHH YMEHBIIAETCS, @ CTPYKTypa CTAHOBUTCS OoJiee OMHOPOJHOH. Pe3ynpraTs
HCCIIeI0BaHMH MOKa3aiy, 4To IpH 60 % 3aIoHeHHs MOKPHITHE UMEET BBICOKYI0 KOPPO3HOHHYIO CTOMKOCTh
[0 CpaBHEHHUIO C Apyrumu obpasmamu. Ilo pesympTaTtaM HccienoBaHHs ObUI OIpeNeréH ONTHMAIBHBIA pe-
KM 3aI0JIHEHHS CTBOJIA B3PBIBYATHIM Ta30M.

Kniouegvie cnosa: ynpouHeHue, IeTOHALMOHHOE HAlbUICHHUE, TBEPIOCTh, TAHTAJ, KOPPO3Hs, CTPYKTYpa, I0-
KpBITHE, TPHOOJIOTHS
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