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Abstract — Modern industry makes ever-growing demands
towards decorative characteristics and protective properties of
manufactured products, as well as requires increasing level of
environmental friendliness. One of the most efficient technologies
for improving durability of a product is applying different
coatings on the effective area. Due to their flexibility ion-plasma
methods of applying decorative and protective coatings are
becoming more widely used in modern industry. Methods differ
with high controllability of the process; capability of getting
chemical compounds and alloys of given composition including
films from refractory materials; better film adhesion to the
surface, etc.

Keywords - adhesive sustainability coatings,
method, sputtering.

ion-plasma

|. INTRODUCTION

One of the most important characteristics of a coating for
any purpose is adhesion.

lon-plasma sputter were produced by the upgraded vacuum
unit NNV-6, 6-11 [1]. For the experimental research two
sources of metallic plasma were used — the electric arc
vaporizer and magnetron. During sputtering with the electric
arc vaporizer electromagnetic movement stabilization, focus
of the cathode spot on the face of the evaporated cathode and
separation of the flow of the sputtered material from the
droplet phase were provided.

The argon pressure in the chamber was 1+4-1073, the
nitrogen pressure - 2+1-10,

The microhardness of the coatings was measured by
nanoindentation with help of the micro-durometer PMT-3M.

Hitachi S-3000N scanning electron microscope was used
for researching chemical composition of the obtained
compound [5].

Research was made around decorative and protective
coatings on the basis of Ti-Al-N.

In the research process changes in the structure and
microhardness of films depending on chemical composition of
coatings were determined.

The experiment was carried out with six decorative
protective coatings selected from 30 previously obtained
coatings. The thickness of the coatings varies from 0.20 to
0.40 pm.
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I1. RESEARCH OF ADHESIVE SUSTAINABILITY OF VACUUM ION-
PLASMA DECORATIVE-PROTECTIVE COATINGS

Conditions providing high adhesion are physical contact
between the coating and substrate, chemical interaction at the
the boundary of two contacting phases.

Increased roughness of the workpiece surface may promote
better adhesion of the coating to the substrate. In turn, the
presence of the workpiece surface prior to the deposition of
coarse defects: sinkholes, scratches, cracks, has a negative
effect.

Chemical interaction at the border of the contacting
environment can be obtained by activating the interacting
atoms of materials on the phase border during heating, pulsed
mechanical stress on the surface of the base in the process of
coating.

Earlier a series of experiments designed to produce coatings
imitating gold was conducted.

These coatings have a high degree of destruction in
changing temperature conditions.

In order to determine the chemical composition of the
created coatings an energy dispersive electron microprobe
analysis was conducted. As a consequence of the large relative
error analysis on the content of nitrogen N, spectral analysis
was performed on two elements — Ti and Al [2].

The work analyses the properties of decorative, protective
multi-component coatings on the basis of TI-Al-N, which are
obtained by vacuum ion-plasma sputtering. A series of
experiments has been carried out aimed to obtain single-layer
coatings according to a certain pattern of sputtering modes in
argon and nitrogen environment. The obtained coatings have a
wide variety of colors.

I11. RESEARCH OF MICROHARDNESS OF DECORATIVE-
PROTECTIVE COATINGS BY NANOINDENTATION

Microhardness was determined by the means of Vickers
hardness test [6]. Diamond four-sided pyramid with an apex
angle of 136° was used as an indenter. About 10-12
penetrations of each sample under a load 0,1 H were
conducted. The number of Vickers hardness HV was
determined by the formula:

P

HV:kd—z, (1)

where k=0,1891 — constant;
P — load used for the measure, H;
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d — conditional lateral surface area of the print, mkm?.

To exclude the substrate from the measured hardness,
coatings were made on glass plate substrates 64 X 88 mm in
size. The microhardness was determined with the micro-
durometer PMT-3M [7]. Table 1 presents the data on the
chemical composition and micro-durability of the coatings.

TABLE |
INDICATORS OF MICROHARDNESS AND CHEMICAL COMPOSITION OF THE

COATINGS

T% Al% Microhardness (MPa) |

46.45 53.55 4043.94

55.07 44.93 3340.05

69.23 30.77 4127.71

74.33 25.67 4897.75

74.77 25.23 4016.21

78.88 2112 3766.15

Figure 1 shows the graph of microhardness dependency on
percentage content of Ti in the coating.
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Fig. 1. Effect of chemical structure on the value of microhardness in coatings

All six coatings are characterized with high index value of
micro-durability. The consequence of this is cracking and
delamination of coatings. Degradation of coatings occurred
almost immediately after they cooled down.

With the help of software package Statistikal0O, a linear
regression analysis was carried out to determine the influence
of coating chemical composition and a number of
technological parameters on the microhardness. The assessed
parameters are: correlation of main components in the coating
composition — Ti/Al; strength of arc evaporator current (larc
evap.), strength of magnetron current (Im), magnetron voltage
(Um), argon reactive gas pressure (PAr). Table 2 presents the
values of the above-listed parameter correlation coefficients
for the coating microhardness.

TABLE 2
THE INFLUENCE OF PARAMETERS ON MICROHARDNESS OF THE COATING
Variables microhardness
Ti% content 0.34
larc.evap. 0.69
Im -0.64
Um 0.19
PAr 0.02

In the table, significant coefficients are marked in grey.

Influence of chemical composition on microharness of the
coating is insignificant. Increasing current of the electric arc
evaporator and decreasing current of magnetron lead to higher
index value of microhardness.

Iv. DEVELOPMENT OF TECHNOLOGY FOR THE COATING WITH
THE SPECIFIED COLOR PARAMETERS AND IMPROVED
ADHESION CHARACTERISTICS

One of the six coatings was selected for further study. The
coating had the closest match to the shade of gold. Figure 2
shows microfractography of the coating (index value of micro-
durability - 3766,15 MPa, Ti content — 78,88%) [10].
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Fig.2. The surface morphology of the golden coating on a scale 20 and 50 pm

As a result of a series of experiments the coating with good
adhesion characteristics was obtained.

Figure 3 shows the improved microfractography of the
golden coating. The given coating has micro-durability index
value of 3930, 50 MPa and Ti content 67,54%.

RTU-TTI 99x4500
A 4500 x

Fig.3. The surface morphology of the improved golden coating on a scale 5 um
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V. THE STUDY OF CORROSION RESISTANCE OF PROTECTIVE
DECORATIVE COATING

The destruction of the surface of the decorative and
protective coatings proceeds through the mechanism of
chemical corrosion. By the nature of damage, corrosion can
divided into:

e General corrosion, when the corrosion process is
distributed evenly over the entire surface;
e Local corrosion, when certain parts of the metal corrode.

During the research the corrosion resistance of the
previously developed decorative and protective coatings was
evaluated in atmospheric conditions, in water, and immersed
in 35% solution of NaCl.

There are three categories of atmosphere corrosive activity.
According to the International Standard I1SO 9223:1992
Corrosion of metals and alloys they are:

e Unheated rooms where condensation can form - lowest

category (C2);

e Production areas with high humidity and high air

pollution - the average category (C3);

e Marine areas with high salinity - a very high category

(C5M)
To determine the corrosion resistance the following
parameters of corrosion damage progress were used:

e Changes in the mass of coating - can be negative or

positive;

e Loss of brilliance of coating in service.

Further to determine the loss of brilliance the reflectance
coefficient at the angle of incidence of 60 degrees is
considered.

To determine the reflectivity of the coatings, it was
necessary to assess the value of reflection coefficients at the
angles of incidence of 20, 60 and 85°C. The measurements
were carried out with the help of glossmeter PICOGLOSS
503.

Measurements of the reflection coefficient at an angle of
60° are carried out for all coatings. For high-gloss coatings
measurement should be carried out at an angle of 20° (if the
reflection coefficient, measured at an angle of 60° is more than
70 units), for frosted coatings measurements are carried out at
an angle of 85° (when the reflection coefficient, measured at
an angle of 60 ° is less than 10 units).

Changing brilliance of coatings is an indication of the initial
stage of surface destruction.

Loss of brilliance during the operation was calculated by
the formula:

X =F 1. (F-F)-100%, )
where X - loss of brilliance;
F - original brilliance of the coating;
F1 — brilliance of the coating after the operation.
Using software package Statistical 10 linear regression
analysis was carried out to determine the effect of titanium
percentage on the brilliance loss value using the results of

studies [9]. Table 3 shows the values of the correlation
coefficients.
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TABLE 3
EFFECT OF TI CONTECT ON THE LOSS OF BRILLIANCE
Atmosphere H,O NaCl
Ti % 0.36 -0.31 -0.78

The most resistant to decay in the marine environment were
decorative-protective coatings titanium content of 55-65%.
Those are the coatings of light blue and golden shades. Further
increase of titanium leads to higher fragility of decorative-
protective coatings (increase of microhardness index value)

[3].

VI. INVESTIGATING THE HEAT RESISTANCE OF PROTECTIVE
DECORATIVE COATING

The experiment included step-by-step heating of the
samples of protective decorative coatings in a furnace within
the temperature range of 100 — 550°C. One step is equal to
50°C. The hold-up time under each temperature was 15
minutes. After each heating stage, reflection coefficients were
measured at the angles of incidence of 20, 60 and 85°C (see
Fig.4).

Heat resistance was determined with the help of the
following characteristics:

1) gradual change of coating reflection coefficients
measured after each hold-up under the predetermined
temperature;

2) final loss of coating gloss after the experiment calculated
by the formula (1) [4].
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Fig.4. Change of the reflection coefficient of coatings at the angle of incidence
of 20, 60 and 85° (Ti=67,54%)

Coatings with reflection coefficient values not exceeding
10.00 units were included into the category of frost coatings —
these coatings were exposed to considerable destruction.

A substantial decrease of reflection coefficient values under
the heating temperature of 400°C is observed with decorative
protective coating.

With the help of software package StatistikalO, a linear
regression analysis was carried out to determine the influence
of coating chemical composition and a number of
technological parameters on the loss of coating gloss in the
process of heating up to 550°C. The assessed parameters are:
correlation of main components in the coating composition —
Ti/Al; strength of arc evaporator current (larc evap.), strength
of magnetron current (Im), magnetron voltage (Um), argon
reactive gas pressure (PAr), nitrogen reactive gas pressure
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(PN), coating microhardness (M.hard.). Table 4 presents the
values of the above-listed parameter correlation coefficients
for the loss of gloss at the angles of incidence of 20, 60 and 85
degrees.

TABLE 4
DEPENDENCE OF GLOSS LOSS VALUE ON TI CONTENT

Variables Gloss loss value
20° 60° 85°
Ti% content 0.30 0.07 0.30
larc evap. 0.30 0.58 0.82
Im 0.13 -0.13 -0.61
Un -0.15 -0.49 -0.45
Par -0.11 0.13 -0.11
Pn -0.54 -0.63 -0.59
M.hard. 0.07 0.11 0.59

In the table, significant coefficients are marked in grey.

The task of StatistikalO software is to assess the influence
of the considered parameters on the increase of coating gloss
loss, which does not serve our purposes (the higher is the
index of gloss loss the more considerable is coating
destruction).

It can be concluded that the increase of eddy-current
evaporator current (Ti) and the decrease of nitrogen pressure
in the vacuum chamber results in obtaining coatings that have
low heat resistance.

Ti-Al-N protective decorative coating were tested for heat
resistance within the range of 100-550°C.

The protective decorative coatings with the content of
titanium of more than 65 percent are not resistant to
temperatures above 400°C.

Figure 5 shows the surface morphology of the coating after
sustaning 500°C temperature in the oven.

RTU-AERTI 99 zar
SE MAG: 250 x HV: 8.6 kV WD: 17.0 mm

Fig.5. Morphology of the surface of coating (Ti%=67.54) after heating under
the temperature of 550°C

The characteristics of microhardness of decorative-
protective coating are shown in Table 5.

TABLE 5
QUALITATIVE CHARACTERISTICS OF PROTECTIVE DECORATIVE COATING
T% Reflection Colour indices Tone
content | coefficient Red/Green/Blue | description
value
(20/60/80°)
67.54 28.5/33.26/67.76 | 122/104/89 goldish

To study protective characteristics of the given coating it
was sputtered over a stainless steel plate. Figure 6 is the graph
of microhardness index values of the given coating on the
surface of glass and stainless steel, as well as stainless steel
without coating.

""" 3930.50

2500.00 2494.72
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1613709

stainless steel stainlesssteel Ti-Al-N
with Ti-Al-N
coating

coating

Fig.6. The graph of microhardness (MPa) index changes

The microhardness index value of a stainless steel plate has
increased by 1.53 due to protective properties of vacuum ion-
plasma decorative coating on Ti-Al-N basis.

VII. CONCLUSIONS

The paper discusses the features of the technology of
application of single layer decorative-protective coatings on
the basis of Ti-Al-N. A series of experiments was conducted
to create multicomponent single layer ion-plasma coatings by
vacuum deposition in argon and nitrogen.

The quality of the adhesive coatings was researched. Using
nanoindentation method microhardness index values of
decorative-protective  coatings were obtained. Energy
dispersive electron microprobe analysis was used to study the
structure of the surface of coatings and their chemical

composition.
The application of vacuum ion-plasma decorative-
protective  coating allowed increasing the strength

characteristics of the surface of sputtered materials.

The results of the research can be used in practice for
manufacturing and repair of vehicles, particularly sea-going
vessels.
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Aleksandrs Urbahs, Svetlana Bogdanova, Margarita Urbaha, Konstantins Savkovs, Gints Rijkuris. Dekorativo jonu plazmas vakuuma
aizsargparklajumu aizsargipasibu izpéte

Viens no efektivakajiem tehnologiskajiem izstradajumu stipribas Tpasibu paaugstinasanas veidiem ir dazadu parklajumu uzne$ana uz parklajumu darba virsmas.
Darba ir apskatiti vienslana dekorativo aizsargparklajumu uz Ti-Al-N bazes uzne$anas tehnologijas Tpasibas. Tika veikti vairaki eksperimenti par vienslana
daudzkomponentu jonu plazmas parklajumu uzne$anu, izmantojot vakuuma uzneSanas metodi argona un slapekla vide. Eksperimentalos pétijumos tika izmantoti
divi metaliskas plazmas avoti — elektriska loka iztvaikotajs un magnetrons. Tika iegiiti dekorativie aizsargparklajumi, kas imité zelta krasu. P&tijuma objekts bija
sekojosas raksturipasibas — struktiiras izmainas un plévites mikrocietibas atkariba no parklajumu kimiska sastava noteikSana. Ar nanoindent€Sanas metodi tika
iegiitas dekorativo aizsargparklajumu mikrocietibas vertibas. Izmantojot energodispersijas mikrorentgenospektralo analizi, tika izp&tita parklajumu virsmas
struktiira un tas kimiskais sastavs. Eksperimentala cela tika iegiits parklajums ar noturigam adhézijas raksturipasibam.

Auexcanap Ypbax, Ceeriana Bornanoa, Maprapura Ypoax, Koncrantun CaBkoB, 'mnre Puiikypuc. McciieoBanusi 3alIMTHBIX XapaKTePUCTUK
JeKOPATHBHBIX HOHOIIJIA3MEHHBIX 3ALUTHBIX MOKPBHITHH.

OnmuuM n3 Haumbonee I(P(GEKTHUBHBIX TEXHOJOTHMYECKHX ITyTel IIOBBIMICHUS HPOYHOCTHBIX XapaKTEPUCTHK W3JEIHil sIBIsIeTCS HAHECEHHEe Ha pabodyio
TIOBEPXHOCTD PA3IMYHBIX MOKPHITHIL. B pabote paccMOTpeHbl 0COOEHHOCTH TEXHOJIOTHH HAaHECEHUs OJHOCIIONHBIX IEKOPATHBHO-3AIUTHBIX MOKPHITHI Ha Oa3se
TI-Al-N. IlpoBeneHa cepust SKCIEPUMEHTOB 10 CO3AHUIO OJHOCTIONHBIX MHOTOKOMITIOHCHTHBIX MOHILUIA3MEHHBIX TOKPBITHI BaKyyMHBIM HAllBUICHHEM B Cpee
aproHa ¥ a3oTa. B sKkcrepuMEeHTaIbHBIX MCCIIE0BAHUAX MCIONB30BAIN JIBA UCTOYHMKA MAaTaJUIMYECKOH IIa3Mbl — 3JIEKTPOJYTOBOI MCIIapUTeNb U MarHETPOH.
Brun noJTydeHs! TEKOPATHBHO 3aIUTHBIEC MOKPBITHS, HMHTHPYIOIIUE 10 LBETY 30J0TO. B KauecTBe mpeMeTOB HCCIEOBaHUN OBLIN ONpE/eIeHbl H3MEHEHHU
CTPYKTYPbl M MHUKPOTBEPJOCTH IUICHOK B 3aBHCHMOCTH OT XHMHYECKOTO COCTaBa MHOKPHITUMH. MeToooM HAaHOMHAEHTHPOBAHUS IIOTydYEHBl 3HAUCHHS
MHKPOTBEPJIOCTH JIEKOPATHBHO-3AIUTHBIX MOKPBITHIA. C MOMOIIIBIO SHEPTOMCIIEPCHOHHOTO MUKPOPEHTTEHOCTIEKTPAILHOTO aHAJIN3a HCCTIE0BaHa CTPYKTYPa IIOBEPXHOCTH
TIOKPBITHI M MX XUMHYECKUH COCTaB. DKCIIEPUMEHTAIBHBIM ITyTEM IOIYYEHO MOKPBITHUE C YCTOWUMBBIMU aJT€3UOHHBIMH XapakTepUCTHKaMU. [IOKpBITHE HCCIIEI0BAaHO HA
KOPPO3HOHHYIO CTOHKOCTb B YCIOBUSIX aTMocepsl. Hanecenre BakyyMHOTO HOHHO-IUIA3MEHHOTO IGKOPATUBHO 3AIUTHOIO IOKPBITHS O3BOMIIIO MOBBICUTH IIPOYHOCTHEIE
XapaKTEPHCTHKN MOBEPXHOCTH HAIBUIIEMOTO MaTepHaia. 3HaueHHe TOKa3aTelli MAKPOTBEPIOCTH TUIACTHHBI U3 HEpIKAaBEIOIIeH cTaim, Oraromaps 3alllUTHBIM CBOHCTBAM
JIAHHOTO BaKyyMHOTI'O HOHHOITIA3MEHHOTO JIeKOPATHBHOTO MOKpbITHs Ha 0ase Ti-Al-N, yBermarocs B 1,53 pasa.
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