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MODIFICATION OF COATINGS BASED ON Al203 WITH CONCENTRATED ENERGY FLOWS

Abstract. This paper presents the study results of structural-phase composition and mechano-tribological
properties of Al2Os coatings after exposure of concentrated energy flows. Revealed that the treated coatings
are generally characterized by high microhardness compared to the initial coating. Determined that after
treatment with detonation and air-plasma action is observed an increase in the intensity of a-Al2Os reflexes.
Established that the increasing hardness of detonation coatings is associated with an increasing density of the
material and the recovery of the a-phase Al2Os in the composition of the protective layer under the influence
of thermal activation of the surface. Determined that after treatment with detonation and plasma exposure is
observed an increase in the intensity of reflexes a-Al2Os. Established that the treatment with detonation and
air-plasma action leads to a decrease in the friction coefficient. The obtained data indicate that the tribological
characteristics of coating based on aluminium oxide can be improved by exposure to concentrated energy

flows. Established that coatings treated with plasma action showed high tribological properties.
Key words: Detonation spraying, plasma spraying, hardness, wear resistance, coating.

1. Introduction. Obtaining coatings with high-
performance characteristics that provide increased
products reliability and durability in extreme
conditions characterized by improved mechanical
loads, wear, corrosion, aggressive media, and cyclic
exposure is a fundamental task of the industry.

To increase the adhesive strength, reduce
porosity, eliminate non - molten powder particles in
the coating structure and provide an even distribution
of micro-hardness on the depth of the hardened layer
is used re-melting of the coating with concentrated
energy sources [1-3].

The technological capabilities analysis of
processing main methods with concentrated energy
sources (electric arc, electron beam, laser, plasma
and induction) [4], which can be used for repeated
high-energy effects on the structure of plasma
coatings, showed that when re-processing current
conductive plasma coatings have a clear advantage
high-energy heating with high-frequency currents
[5-7]. A characteristic feature of this process is
that the heating source is volumetric, and energy is
released in the surface layer, the thickness of which
is determined by the current frequency, electrical
resistivity and thermal physical characteristics of the
coating material. Selecting the relevant frequency of
the generator allows concurrent heating throughout
the entire thickness of the applied coating.

In this connection, we conducted experiments
on the treatment of aluminium oxide coating with
concentrated energy flows

2. Research Method. 12HI8NI10T stainless
steel was chosen as a substrate. The samples were
sandblasted before coating. Corundum powders
(a-Al203) were used to obtain coatings from
aluminum oxide. The particle size of the powder is
up to 22-45 um.

Detonation coatings were obtained on a
computerized complex of new generation detonation
spraying CCDS2000  (Computer  Controlled
Detonation Spraying) [8-10]. CCDS2000 allows
applying coatings from a wide range of materials to
various substrates. The main elements of the complex
are shown in figures 1.

a) working body (gun), consisting of a barrel, a gas
distribution block and powder dispensers; b) block
control based on an industrial computer; ¢) gun
complete with three coordinates manipulator

Figure 1 — Detonation complex CCDS2000
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Surface modification of coatings was carried out
using detonation and plasma action. The detonation
effect was carried out on the CCDS2000 detonation
complex by detonating a gas explosion without
using powder. The expense of working gases is
at an average frequency of shots in 4 Hz no more:
acetylene 4-7; propane butane mixture 2...3,5; oxygen
10...12; nitrogen 10...15 m3/h. Nitrogen was used as
a carrier gas. Plasma action was carried out on the
set up (Figure 2) of plasma spraying at atmospheric
pressure [11]. The figure shows a general view of
the plasma installation. Experiments on plasma
treatment were carried out without using powder in
the following mode: the movement speed is 2-30
mm / s, the distance between the plasmatron and the
product is 45-55 mm, the diameter of the spray spot
is 10-25 mm. The heating temperature of the parts
during spraying does not exceed 150-200°C. The
working pressure of the gas (air) is 0.2-0.3 MPa.

2 @,

ol P

1 - plasmatron, 2 - process control unit, 3 - gas
supply cylinder, 4 - power supply system, 5 - cooling
system, 6 - bifurcated powder supply channel with
expansion barrel, 7 - sample holder. 8 - compressor.

Figure 2 — Installation for plasma coating

Table 1 shows the modes of obtaining coating
Al203 and its modification by detonation and
plasma action.

Table 1-Technological parameters for obtaining and
modifying Al2Os coatings
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The microhardness of the samples was measured
by methods indentation of a diamond indenter on
a PMT-3M (LOMO, Russia) device in accordance
with GOST 9450-76 [12], at a load of 200 g and
an exposure time of 10 s. The study of the surface
microstructure was carried out on a scanning electron
microscope Vega3 (Tescan, Brno, Czech Republic).
The research phase composition of the samples was
studied by X-ray diffractometer X’PertPro (Philips
Corporation, Nederland) using CuKa radiation. The
shooting was carried out in the following modes:
tube voltage U = 45 kV; tube current I = 35 mA;
exposure time 1s; shooting step A20 ~ 0.02° and
20 = 10-90°. Tribological tests for sliding friction
were performed on a high-temperature tribometer
TRB3 (Anton Paar Srl, Peseux, Switzerland) using
the standard "ball-disc" technique (international
standards ASTM G 133-95 and ASTM G 99).
Sample tests for abrasive wear were carried out on
an experimental stand (Figure 2 a) for testing for
abrasive wear when frictional against not hard fixed
abrasive particles according to the scheme "rotating
roller-flat surface" by GOST 23.208-79, which
coincides with the American standard ASTM C
6568. The wear resistance of the test material was
estimated by the weight loss of the samples during
the test. The measurement of hardness and elastic
modulus was determined by the indentation method
on the NanoScan - 4D compact (FSBI TISNCM,
Russia) nanotoughness tester in accordance with
GOSTR 8.748-2011 and ISO 14577 indentation with
aload of 0.1 N.

3. Research results and discussion. Figure 3
shows a comparative graph of the microhardness
distribution over the depth of samples with Al2Os
coated which treated by detonation and plasma action.
The treated coatings are generally characterized
by high microhardness compared to the original
coating. High hardness is observed on the surface of
the coating, and as it approaches the surface of the
substrate, the hardness decreases.

11000,0

10000,0

|
coating i zm substrate
i

5000,0

Microhardness, MPa

60 70 80 90

0 10 20 30 40 50
distance from the surface,

Figure 3 — Graph of the hardness distribution over
the depth of Al2Os coatings
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Morphology analysis of the cross-section of
coatings showed that detonation coatings based on
AlL20s after treatment with detonation action (Figure
4) only slightly smoothes the roughness of the powder
layer. After treatment with plasma action (Figure 5),
it leads to a noticeable decrease in roughness, which
makes it possible to deposit Al2Os coatings that are
uniform in thickness and form a coating with a size
of inhomogeneities of 1.0 microns. Plasma heating
of Al:Os coatings causes intensive melting, partial
sputtering and degassing of the treated sections of
the protective layer. Distribution maps of elements
along the line obtained by the SEM method with
energy dispersion analysis clearly confirm the
mutual penetration of the coating and substrate
elements (Figure 6 and Figure 7). Since the depth
of this penetration is significant, in this case, it can
be argued that we are observing the development of
radiation-stimulated diffusion.

Figure 4 — Detonation coatings based on Al.Os after
treatment with detonation action

1,007, 0um

Figure 5 — Detonation coating based on Al.Os after
plasma treatment
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Figure 6 — Distribution of elements along the Al>2Os-
based coating line after treatment by the detonation
action
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Figure 7 — Distribution of elements along the Al2Os-
based coating line after treatment by plasma action

Figure 8 shows the results of tribological tests of
aluminium oxide coatings obtained by the combined
method. The figure shows that after detonation
and plasma action, the wear intensity decreases, as
well as the mass loss after the abrasive wear test.
This indicates an increase in the wear resistance of
coatings. At the same time, coatings treated with
plasma action showed high indicators of tribological
properties.
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Figure 8 — Results of tribological tests by methods
of testing according to the scheme ball-disk (a) and
abrasive wear test (b)

Figure 9a shows the diffractograms of the
aluminium oxide coating obtained by the combined
method. Visible that after treatment with detonation
and plasma action is observed an increase in the
intensity of a-Al2Os reflexes. The increased hardness
of coatings is associated with increased density of
the material and the recovery of a-phase ALOs in
the composition of the protective layer under the
influence of thermal activation of the surface.
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Figure 9 — Diffractogram and curves of the friction
coefficient of Al>Os coatings obtained under
different deposition modes.

Figure 9b shows the friction coefficient curves.
Visible from the figure that the treatment with
detonation and air-plasma action leads to a decrease
in the friction coefficient. Reducing the friction
coefficient will have a positive effect on the wear

4. Conclusion

The effect of modification by concentrated
energy flows of Al>Os coatings was studied obtained
by the detonation method. The study showed that
after treatment with plasma exposure roughness of
Al20s coatings decreased, and after treatment with
detonation exposure, the roughness practically does
not change. After detonation and plasma exposure
is observed an increase in the volume fraction of a-
Al203, and this is especially noticeable when treated
with plasma exposure. The results of experimental
studies have shown that the surface treatment of
coatings with detonation and plasma exposure leads
to an increase in micro-hardness and wear resistance.
It is determined that after plasma exposure, the
wear intensity 2 times decreases, and the friction
coefficient decreases by 30%. An increase in the
tribological properties of Al2Os coatings is associated
with an increase in the volume fraction of a - Al2Os.
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Al203 HET'IBIHJAETT ’)KABBIHIA P bl KOHUEHTPALIUAJIAHYAH DHEPI'UA
AFBIHJAPBIMEH MOAU®UKALUAJIAY

AHHOTamusl. by >KyMbICTa KOHIICHTpANMsUIAHFaH DHEPIHs aFbIHAAPBIHBIH ocepiHeH kehin AlOs
KaOBIHIAPBIHBIH  KYPBUIBIMIBIK-(a3aiblK KYpPaMblH >KOHE MEXaHUKAIBIK-TPUOOIOTHSIIBIK KAaCHETTEPiH
3epTTey HOTHXKENepi KeNTipiareH. OHIenreH kaObiHAap, OacTankpl KaObBIHMEH CajbICTBIPFAHAA JKOFaphI
MUKPO KaTTHUIBIKIICH CHITaTTaNa bl [ paquenT »xaObIHIaphIHBIH KaTThUTBIFBIHBIH JKOFAPbLIAYbl MATEPHAIIIbIH
TBHIFBI3/IBIFBIHBIH JKOFaphUIaybIMEH JKOHE OeTiHIH TePMUSUIBIK aKTHBTEHYHIH 9CEpiHEH KOPFaHbIC KaOaThIHBIH
Kypambraaarsl Al2Os o-¢pa3ackHBIH TOMEHIeyiMeH OalTaHbICThI eKeHIIT1 aHBIKTaNABI. Al2O3 KaObIHIBITAPBIH
TUTa3MalIbIK  KBI3ABIPY KOPFAHBIINI KAOATBIHBIH OHJCITEH TeNiMACPiHIH KapKbIHABI epyiH, XapThLIai
TO3aHIaHybIH XKOHE Ta3CBhI3NAHABIPYBIH TYIBIPATHIHBI AHBIKTANIBL. J(eTOHAMSIBIK JKOHE aya-TTa3MalibiK
ocepMeH OHJey YHWKedic KOA(PQHUIMEHTIHIH TOMEHJAEyiHe OKeJeTiHI aHBIKTaIIbl. AJIBIHFAaH MONIiIMETTep
KOHIICHTpAMsUTAHFaH DSHEPTHUsS aFbIHIAPBIHBIH OCEpiHEH aIFOMHHHA OKCHZII HETI3iHAeTi >KaObIHHBIH
TPUOOJIOTHSIIBIK CHUTIATTaMaaphIH apTTHIPYFa OONATHIHIABIFBIH KepceTeri. TpuOOIOTHsITBIK KaCHeTTePIiH
JKOFaphl KOPCETKIMITEpl aya-Iia3Maliblk oCepMEH OHJEeNTeH >KaOBIHAapAbl KOpCeTTi. TpHOOIOTHSIBIK
CUNaTTaMaJIap/IbIH KOFaphliay cebenrepi HeriziHeH o-Al:Os KeleM[Iik yleciHiH apTybIMEH OaiaHBICTHI
E€KEHIIT1 aHBIKTAJIIbI.

TyiiiH ce3/ep: TeTOHAUSUIIBIK TO3aHAATY, TIA3MAIIBIK TO3aHAATY, KATTBUIBIK, TO3yFa TO3IMILTIK, XKaObIH.
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MOJIU®UITAPOBAHUE MOKPHITHIA HA OCHOBE AI203 KOHIIEHTPUPOBAHHBIMHU
INOTOKAMMU DHEPI'MHN

AnHoTauus. B tannoii paboTe mpeacTaBieHbl pe3yabTaThl HCCIASI0BaHUS CTPYKTYpHO-(a30BOro cocTaBa
U MEXaHUKO-TPUOOJOrMYEeCKHX CBOMCTB MOKpBITHH AlOs mocime BO3AEHCTBHA KOHLEHTPUPOBAHHBIMU
notokamu 3Heprur. O6paboTaHHBIE MOKPHITUS B LIEJIOM XapaKTePU3YIOTCSl BEICOKOM MUKPOTBEPAOCTHIO MO
CPAaBHEHUIO MCXOJHBIM MOKPBITHEM. YCTAHOBJICHO, YTO MOBBILICHHE TBEPAOCTH I'PAAMEHTHBIX MOKPHITUH
CBSI3aHO C yBEJIMUYEHHEM IUIOTHOCTH MaTepHualia U BoccTaHOBIeHHEM o-(a3bl Al20s B cocTaBe 3alIUTHOTO
CJIOS TOJ| BIMSHUEM TEPMHUYECKON AKTHBALUHM TOBEPXHOCTH. YCTAHOBJIEHO, YTO IUIA3MEHHOE HarpeBaHUE
nokpeITHi Al2O3 BBI3bIBaET HHTEHCUBHOE IUIABICHUE, YACTUYHOE PACIIbUICHHE U JIeTa3aliio 00paboTaHHbIX
YYacTKOB 3alIMTHOroO cios. OmpeneneHo, YTO MOCHEe JETOHAMOHHOTO W  BO3AYLIHO-IUIA3MEHHOTO
BO3/EHCTBUSl YMEHBILACTCS WHTCHCUBHOCTh M3HALIMBAHUS, a TAaKXKe MMOTEPS MACChl MOCJE MCIBITAaHHUS Ha
abpa3uBHOE HW3HAIIMBAHUE. YCTAHOBIEHO, 4YTO 00pabOTKa OETOHAMOHHBIM M BO3LYLIHO-IJIa3MEHHBIM
BO3/EHCTHEM MTPUBOJUT K YMEHbLICHHUIO K03 duirenTta Tpenus. IlomyyeHHble 1aHHbIE CBUACTENBCTBYIOT O
TOM, YTO ITyTE€M BO3JEHCTBUS KOHLEHTPUPOBAHHBIMH TOTOKAMH SHEPIUU MOXKHO IOBBICUTH TPHOOJIOTHYECKHE
XapaKTePUCTHKH TIOKPBITHS HA OCHOBE OKcuaa axroMuHus. OIpeneneHo, YTO BBICOKHE ITOKa3aTeln
TPUOOJOTMYECKUX CBOMCTB MOKa3aJld MOKPBITUS, 00paOOTaHHbBIE BO3AYILIHO-IUIa3MEHHBIM BO3/EHCTBUEM.
VYcTaHOBIEHO, YTO MPUYMHBI TMOBBIMICHHUS TPUOOIOTHUECKUX XapAKTEPUCTHK B OCHOBHOM CBS3aHO C
yBeIMUeHHEM 00beMHOM o a-Al20s.

KiroueBble cji0Ba: 1eTOHAIIMOHHOE HAINBUICHHE, IJIa3MEHHOE HANbUIEHUE, TBEPAOCTD, H3HOCOCTOM-
KOCTB, TIOKPBITHE.
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