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Technology deposition of corrosion-resistant and scratch-resistant coating
on the details of mining equipment

As it is shown experimentally that the technology greatly exceeds the vacuum nitriding zinc coatings.‘/Along
with this, the cost of such parts with coatings 10-15 % lower zinc. From the experimental data that the
Fe—Al coating and Fe—Al-Ti can be used as corrosion-resistant, anti-friction coatings on low-grade steels.
This increases the life of the components of these steels in 3—4 times. Compare the result of nanohardness
(7.413 GPa) with known solid materials shows that nanohardness coating Cr—Mn—Si—Cu-Fe—=Al is almost
2 times higher nanohardness titanium and close to the multi-layer film Ti/a-C:H. Comparing the measure-
ment results with the microhardness of the coating Fe—Al, Fe—Al-Ti and other shows that the multilayer coat-
ing is significantly superior to the latter. After nitriding microhardness multilayer coating increases.

Key words: coating, nitriding, microhardness, nanohardness, corrosion resistance, heat resistance, friction.

Introduction

Currently, with limited material resources in the industrial complex are particularly important technolo-
gies that increase the durability (life) of parts and units of machines. 90 % of parts and machines out of order
due to surface wear. This is especially true for the mining and oil field equipment, equipment and energy
complex, where the majority of mechanisms operate in extreme conditions, and in particular, in a high abra-
sion and high temperatures.

The most relevant and promising to produce nanostructured hardening, wear-resistant, corrosion-
resistant and heat-resistant coatings are vacuum ion-plasma methods: magnetron sputtering, ion and vacuum
arc deposition [1-17]. This is due to the factthat in.addition there are thermal factors and other — the high
degree of ionization, the flux density and particle energy. The quality of the coating can be adjusted by
changing the substrate temperature, pressure of the working gas, the potential of the substrate and other pro-
cess parameters.

This paper presents experimental results on the application of anticorrosive and strengthening coatings
on parts of mining equipment.

Titanium nitride coating

In parts of mining equipment (steel 35) were coated TiN. Figure 1 shows a typical structure of a titani-
um nitride coating obtained with an optical microscope, which clearly shows the microcrystals TiN. There is
a small amount and droplet-phase.

Figure 1. Snapshot TiN coating for details (increasing x400)
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Table 1 shows corrosion rates for parts made of steel 35.

Table 1
The corrosion rate of titanium nitride coatings in industrial environments
Environment Concentration, % (by weight) Temperature, °C Corrosion rate mm/year
Nitric acid 80 20 0,01
Sulfuric acid 52 20 0,03
Hydrochloric acid 80 20 0,05

However, the calculation of economic efficiency of the entire production cycle of the application of ti-
tanium nitride coatings showed that the price of the above items of mining equipment, increased by approx-

imately 20 % compared to galvanized coatings.
One of the methods of chemical and heat treatment of steel parts is the method of ion-plasma nitriding.

Table 2 shows the comparative analysis.

Table 2
Characteristics of various coatings
Name details Anti-corrosion coating K-Factor
Coupling RU11.008-01, Steel 35 Zinc 0,15
Coupling RU11.008-01, Steel 35 Nitrated 0,40
Coupling RU11.008-01, Steel 35 Titanium nitride 0,75

Table 2 shows that the vacuum nitriding technology, though inferior in the corrosion resistance of a ti-
tanium nitride coating, but much greater than zinc coating. Along with this, the cost of such parts with coat-

ings (10 + 15)% lower zinc.
Coatings Al-Fe and Al-Fe-Ti

Figures 2 and 3 show electron microscopic images coatings Al-Fe-Ti argon and nitrogen.

Figure 3. Electron microscope image
of the coating Al-Fe—Ti in an argon atmosphere

Figure 2. An electron microscope image
of the coating Al-Fe—Ti in an argon atmosphere

In the first case, the average grain size of the titanium shell surrounded amorphous amounts 100—
150 nm. Such coatings are called submicrocrystalline. The second case is the formation of mainly titanium
nitride and iron. The grain size of about 50 nm. Such coatings are called nanocrystalline. Nitration covering
Al-Fe leads to a change in its structure due to the formation of nitride phase (Fig. 4).
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a b
Figure 4. Pictures Al-Fe coating before (a) and after (b) nitriding

The microhardness of the coating to Al-Fe nitriding is 245.6 MPa, and after the nitriding — 350.9 MPa,
i.e. it increased by almost 1.5 times. Results of research on the heat resistance of coatings Al-Fe and Al-Fe—
Ti are shown in Table 3. Heat resistance was evaluated by weight of the oxidized coating. Doping with Al-
Fe coating titanium significantly affect its fire resistance. However synthesized significantly increase the
heat resistance of the coating compared to an uncoated sample, approximately 4 times. Table 4 shows the
characteristics of corrosion resistance studied in this paper covers some parts of mining equipment. Here, the
coefficient K is determined by anodic polarization defects and initiate changes from K = 0 (for poor coating)
to K =1 (for quality coatings).

Table 3
The weight loss of the coating after heat treatment at 600 °C for 100 hours
Coating Weight oxidized coating, mg
Steel 35 uncoated 56,8
Fe—Al 14,2
Fe—AIl-Ti (argon) 154
Fe—Al-Ti (nitrogen) 11,2
Table 4

Characteristics of various coatings

Name details Anti-corrosion K-Factor
coating
Steel 35 Uncoating 0,14
Nipple 12, Steel 35 Fe-Al 0,47
Coupling 12 ¢, Steel 35 Fe-Al 0,54
Cork HLG 30.002 Steel 35 Fe-Al-Ti 0,69

Coating Zn—Al and Zn—-AIl-Ti

As an example, in Figure 5 shows the microstructure of the coating Zn—Al-Ti, prepared under a nitro-
gen atmosphere.
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Figure 5. Electron microscope image of the coating Zn—Al-Ti, resulting in nitrogen
and tested for heat resistance at 600 °C for 100 hours

The titanium content in the coating according to XPS (Fig. 6) is 70 % iton and-aluminum — about 14 %
of oxygen and zinc just over 1 %. From Figure 5 clearly visible grains of titanium nitride, representing inclu-
sions nano- and submicrocrystalline phase, surrounded by an amorphous layer.

MNonHaa weana 264 wmn. Kypoop: 0043 (1052 vmn.) k2B

Figure 6. XPS coating Zn—Al-Ti, resulting in nitrogen and tested
for heat resistance at 600 °C for 100 hours

Loss of coating weight of Zn—Al-Ti, prepared under argon, and tested for heat resistance at 600 °C for
100 hours.is 0.6 mgand the coating produced in nitrogen — 0.3 mg.
Thus, the heat resistance of the coating Zn—Al-Ti, resulting in nitrogen and tested for heat resistance at
600 °C for 100-hours, almost 10 times the heat-resistant steel 12X18N10T.
Coatings Cr—Mn—Si—Cu—Fe—Al and Cr-Mn—Si—Cu—Fe—Al-Ti

Figure 7 shows an electron microscope image of the coating. To measure coating thickness Cr—Mn—Si—
Cu-Fe—-Al on its surface was cut by a focused ion beam marketplace. The layer thickness of 1 mm. Figure §
shows the thickness of the coating Cr—Mn—Si—Cu—Fe—Al.
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Figure 7. Electron microscope image Figure 8. The thickness of the coating
of the coating Cr—Mn—Si—Cu—Fe—Al Cr-Mn-Si—Cu-Fe—-Al

Results of the study of the phase composition and structural parameters of the sample are given in Ta-
ble 5. The coating was determined nanohardness Cr—Mn—Si—Cu—Fe—Al in ‘a gaseous environment of nitro-
gen, which is equal to 7.413 GPa, corresponding to 686.57 units according to the method of Vickers hard-
ness. It has been determined: modulus strength of the coating which is equal to 169.51 GPa fluidity is
0.68 %, and the relaxation of the coating is 0.05 %. To determine all the above parameters were determined
by Poisson's ratio for the coating Cr—Mn—Si—Cu-Fe—Al in a gas atmosphere of nitrogen of approximately
0.30.

Table 5
Phase composition of the coating Cr-Mn-Si-Cu-Fe-Al in a gaseous environment of nitrogen

. The content . 103
Sample Phase detection of the phase, % The lattice parameters, A Ad/d-10
Cr-Mn-Si—Cu—Fe-Al FeNo o324 60.6 a=3.598 3.460
in N, atmosphere TiNg 310031 39.4 a=4211 5.143

It is interesting to compare the results with the known data on the nanoindentation other materials. The-
se data are presented in Table 6.

Comparison of our results (7.413 GPa) with a table 6 shows that nanohardness coating Cr—Mn—Si—Cu—
Fe—Al is almost 2 times higher'nanohardness titanium and close to the multi-layer film Ti/a-C:H. However,
the production of such.a film isimuch harder than the coating Cr—Mn-Si—Cu—Fe—Al using composite cathode
which without difficulty can be obtained by induction melting.

Also investigated were the coatings obtained cathode sputtering Cr—-Mn—Si—Cu—Fe—Al in an argon at-
mosphere, and'the coatings obtained by spraying while the cathode Cr—-Mn—-Si—Cu—Fe—Al and a titanium
cathode mark:

Table 6
Properties of materials designed according nanoindentation
Material H, GPa E, GPa R, %
Copper 2.1 121 14
Titan 4.1 130 19
The multilayer film Ti/a-C:H 8.0 128 34
The amorphous ribbon Zr—Cu-Ti—Ni 11.5 117 42
Silicon (100) 11.8 174 62
Thin film Ti-Si-N 28.4 295 62

Vickers microhardness coating Cr—Mn-Si—Cu—Fe—Al argon is 133.8 HV, and coating Cr—Mn—Si—Cu—
Fe—AI-Ti in a nitrogen environment — 328.0 HV, ie it increased by almost 2.5 times. The sharp increase in
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the microhardness cover Cr—-Mn—Si—Cu—Fe—Al-Ti, deposited in a nitrogen atmosphere, associated with the
formation of nitride phases. In general, these titanium nitride and chromium.

Influence of technological parameters on the fracture energy of coatings

The direct impact on the structure and physical properties of the coatings obtained by ion-plasma depo-
sition, provide the following parameters: the pressure of the reaction gas in the chamber; the potential of the
substrate; discharge current of the arc; material properties of the cathode; substrate temperature. The surface
tension of a solid o is the specific surface energy £ = 6-S (S — surface area).

The coating will be destroyed if the fracture energy Ep = En. Thus, breaking energy coating can be
evaluated by determining the surface tension. In this paper, the surface tension was determined by the meth-
od of [17].

Consider the effect of substrate temperature on fracture energy of composite coatings. The measure-
ment results are shown in Table. 7.

Table 7
The relationship between fracture energy coating on the substrate temperature area of 1 cm’
Coating Temperature backing, °C Energy failure coatings, J
Zn—Cu-Al 350 400 450 2.06 2.43 2.14
Cr—Mn-Si—Cu—Fe-Al 350 400 450 6.06 7.11 6.21
Mn-Fe-Cu-Al 350 400 450 3.24 3.67 3.09

The optimum temperature of the substrate for all composite coatings was equal to about 400 °C. Milling
grain structure of the coating material with increased substrate.temperature accompanied by an increase in
hardness and surface tension to a critical average grain size. Reduced hardness with further decrease of aver-
age grain size in the coating is due to the slippage at the grain boundaries (rotating effect). Consider the ef-
fect of the current arc on the properties of composite coatings. The results are shown in Table 8.

Table 8
The relationship between fracture energy coating on the arc current

Coating Arc current evaporator, A Energy failure coatings, J
Zn—Cu-Al 30 50 70 90 2.43 2.31 2.29 2.27
Cr—Mn-Si—Cu-—Fe-Al 30 50 70 90 7.11 6.97 6.95 6.92
Mn-Fe-Cu-Al 30 50 70 90 3.67 3.42 3.12 3.08

Increasing the arc current discharge increases the coating thickness, but with increasing current than
130 A decreases perfection ofithe structure, and dramatically increases the amount of the droplet phase,
which is the cause of reducing the-adhesive strength of the coated substrate. At low power discharge (arc cur-
rent <20-30 A) due to a decrease in the ratio of plasma ionization film «walled up» neutral particles of the
reaction gas and the cathode; thereby increasing the concentration of coating defects.

The results of the influence of residual pressure in the vacuum chamber on the properties of the compo-
site coatings.are shown in Table 9.

Table 9
Dependence fracture energy coating on the gas pressure chamber
Residual gas pressure Energy failure coatings, J
in the chamber mm. Hg. Art. Zn—Cu-Al Cr—Mn—Si—Cu—Fe—Al Mn—Fe-Cu-Al
10° 2.02 6.32 3.28
10”7 2.11 6.54 3.43
10° 2.43 7.11 3.67
10° 2.38 6.87 3.42

After analyzing the results of the study it can be concluded that samples obtained at a nitrogen pressure
of P=0.081-0.81 Pa are most evenly distributed small dense structure, the minimum content of the droplet
phase, pores, sagging, delamination, and the greatest value of the surface tension.
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From the above investigation results, it follows that the production of coatings with desired properties is
possible under the main process parameters of the deposition process. Qualitative evaluation of coating prop-
erties can be obtained by knowing their surface energy, the melting temperature and the concentration of the
respective components or phases in the coating.

Closing

In the case of small lots of parts, and to critical parts of machines and mechanisms is better to use tita-
nium nitride coating, which in addition to enhancing the corrosion resistance, have high strength. The vacu-
um nitriding a cheaper way to increase corrosion resistance, however, it has certain advantages and to zinc
and chrome-plated front.
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E.C.IInaronosa, B.byunnckac, B.M.IOpos, B.Y.Jlaypunac

Tay-keH Kypaa-xa0abIKTap 0eJieKTepiH OHAIpyae KOPPO3HUsFa
TO3iM/Ii TYHJBIPY TEXHOJOTHACHI MEH ChI3ATTAPFA TO3IM/i KA0OBIHABLIAD

Makanaza Toxipu0ee KepceTiIreHaeH, BakyyM/IbIK a30TTaHy TEXHOJIOTUSACHI QJIeKal1a MBIPBII >KaObIH/IbI-
chIHaH »korapbl. COHBIMEH KaTap OChIHZAl KaObIHABICH 6ap OenmexTep KyHbI 10—15 % MBIPBIIITaH TOMEH.
Temenri cypbinThl Oosar OOWBIHIIIA KOPPO3WsiFa TO3iMIi, YHKeTicke Kapchl JKaOBIHIBI peTiHie Oy
sKkcriepuMeHTTIK aepekTep Fe—Al sxone Fe—Al-Ti xaObHapuIaps! naiiiananelTysl MyMKiH. Byt 3—4 ece ocsl
OoyaTTapAblH KOMIIOHSHTTEPIIH Mep3iMiH y3apTamel. benrimi kartel Martepuanmapmern (7,413 I'Tla)
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HAHOKATTBUIBIK OOMbIHINA anblHFAaH HoTIKeciH canbicThipyna, Cr—Mn—Si—-C—Fe—Al HaHOKATTBUIBIK
JKaOBIHBICHl THTAHHBIH HAHOKATTBUIBIFBIHAH 2 ece xorapsl xkoHe Ti/a-C:H xenkabaTThl KaOBIKTapFa >KaKbIH.
Fe—Al MUKpPOKATTBUIBIFBIMEH JKaOBIHIBUIAPABIH 611y HOTHKeNepiH canbicTeipy Fe—Al-Ti xone Oacka na
KOIl KabaTThl )KaObIHABICH aUTapPJIBIKTa )KOFaphl €KEHIH KOpCeTe .

E.C.ITnatonona, B.byunnckac, B.M.}Opos, B.U.Jlaypunac

TexHo0rNs 0CaKACHUSA KOPPO3HOHHO-CTOMKHUX M YIIPOYHAOMIMX MOKPbITHH
HA /1eTAJIM TOPHOIIAXTHOI0 000PY/A0BAHUA

B pabote sKkcriepuMeHTaIbHO MOKA3aHO, YTO TEXHOJIOTHS BAKyYMHOTO a30THPOBAHUS 3HAUUTENILHO IIPEBOC-
XOAUT LMHKOBBbIE NOKPBITHA. Hapsaay ¢ 3Tum, ce0ecTOMMOCTh AeTaliel ¢ TaKuMH MOKpHITHsIMU Ha 10-15 %
HIDKE [TUHKOBBIX. M3 9KCIIEPUMEHTAIBHBIX MaHHBIX CIEAyeT, yTo MOKphITHs Fe—Al u Fe—Al-Ti mMoryT ObITh
UCIOJIb30BaHbI KaK KOPPO3HOHHO-CTOMKHUE, HKapOIPOUHbIE, aHTH(OPUKIIMOHHbBIEC HOKPHITUS HAa HU3KOCOPTHbIE
copta ctaiu. [Ipu 3TOM yBenn4uBaeTcs Cpok ciykObl geTaneil u3 sTux craneil B 3—4 pasa. CpaBHeHHE NOIY-
YEHHOTO pe3yibrara 1o HaHoTBeppoctH (7,413 I'Tla) ¢ m3BecTHBIMU TBEpABIMU MaTepHallaMyl TTOKA3bIBACT;
4YT0 HaHOTBepAOCTh MOKPHITUS Cr—-Mn—Si—Cu—Fe—Al moury B 2 pasa BbIllle HAHOTBEPAOCTH THTaHA U OJM3Ka
K HaHoTBepaoctH MHorocinoiHoi mieHku Ti/o-C:H. CpaBHeHHe pe3yJbTaToB M3MEPeHHI ¢ MHKPOTBEPIO-
creio nokpeitiit Fe-Al, Fe-Al-Ti u apyrux moxasbIBaeT, 4YTO MHOTOCIIOWHBIE TOKPHITHS 3HAYUTENBHO IIpe-
BOCXOJIIT Iociennue. [locie a30THpOBaHNS MUKPOTBEPIOCTh MHOTOCIIOIHOTO TOKPHITHS yBEIUYUBACTCSI.
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