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Structure and properties of steel coating ligated zirconium

The paper presents experimental results on the structure and properties of coatings obtained while spraying a
zirconium cathode and cathode steel 12X18H10T. The coatings were deposited in an atmosphere of nitrogen
to the substrate 45. The coating of steel 12X18H10T + Zr in a nitrogen gas atmosphere has a high zirconium
content of 3 times the iron content and the nitrogen content is 4. 12X18H10T + Zr coating in a gas atmos-
phere of argon and nitrogen have a columnar structure characteristic of single-phase films. To explain the ob-
served structures are considered two mechanisms: the mechanism of concentration supercooling and the
mechanism of propagation of dislocations due to the occurrence of thermal stresses in the coating. In the first
step of coating thermal stresses do not have time to develop and the main role is making mechanism concen-
tration supercooling, and in the second stage — both mechanisms.
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Introduction

At the present stage of development of mechanical engineering, including mining and oil, metal-
working equipment effectiveness is largely dependent on the performance of cutting tools. One of the most
effective methods of increasing the efficiency of the cutting tool is to apply its surface wear-resistant coat-
ings [1, 2].

The first cutting inserts coated appeared on the foreign market in 1968, when the Swedish company

«Sandvik Koromant» was developed and put into production a method of deposition of titanium carbide to
carbide tools. In 1971, the company Teledyne Firth Sterlig (USA) have been received from the titanium ni-
tride coating. In the Moscow Institute of Steel and Alloys in 1971 it developed a method for depositing a
coating of niobium carbide.
In subsequent years, researchers in many countries (USA, France, Japan, Britain, Germany, etc.) Developed
the technology application of various coatings for various applications. However, technology is not revealed
in the press, and not published. Most foreign firms followed the way of providing services for the sale with-
out coating technologies.

The most widely used in the industry find monolayer singletons wear-resistant coatings. However, in
some cases, the efficiency of such an instrument is insufficient. In recent years, the interest of researchers has
shifted to producing multi-layer and multi-element surfaces.

This paper presents the results of research of multi-coatings obtained by ion-plasma method.

The structure and properties of thin films comprising zirconium

Zirconium nitride were investigated in many studies, of which we mention the work [3-5]. Figure 1
shows a cross-section of the film ZrN, deposited on a substrate made of stainless steel AISI 316. There is a
columnar structure. Nanoindentation results [3] showed that the hardness of the film is not related to its
thickness. The thickness of the film significantly affect its roughness, grain size and electrical resistance.

Figure 2 shows an AFM image of the coating ZrN, obtained by reactive magnetron sputtering. There
are 3 phases of zirconium nitride ZrN, Zr;N; and ZrN,. With increasing nitrogen partial pressure prevails
education phase ZrN.

In [6] we investigated the coating Zr—Cu—N, representing the new material type metal nitride coating
nanocrystalline (nc-MeN) / metal. The cut of the coating is shown in Figure 3, which shows that in this case,
a columnar structure. The copper content of such coatings is about 2 at.%. But this leads to high elasticity
coatings equal to about 80 %. The microhardness of the coating is about 40 GPa.

32 BecTHuk KaparaHguHckoro yHusepcureTa



Structure and properties of steel ...

Figure 1. Slice ZrN coating structure [3]
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Figure 3. Slice coating Zr—Cu—N [6]
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In [7] studied the properties of coatings Zr; (AlN. It is shown that there is an fcc structure. Education
hep structures characteristic of AIN, Here, there does not occur.

In [8, 9] investigated the coating Zr—Ni—N, obtained by magnetron sputtering target. It was found that
the increase in hardness occurs in two cases (Fig. 4): (1) a material consisting of a mixture of fine grains of
different crystallographic orientations, and (2) a material consisting of nanocolumns perpendicularly film /
substrate interface.

)

Figure 4. Electron microscopy image of two types of films Zr-Ni—N [9]

They were investigated and other types of coatings with zirconium: Zr—Ti—-Cu-N [10], Zr-Y-N [11],
Zr—Si—N [12], and others. In most cases, the hard coatings obtained with a microhardness of more than 40
GPa and having a grain size less than 20 nm.

Objects and methods of the experiment

The coating used zirconium cathodes and cathodes made of steel 12X18H10T. With these applied coat-
ings to cathodes installation HHB steel for steel substrate 45 in a gas atmosphere of argon and nitrogen for
40 minutes at a current of / = 80 A, the reference voltage /= 200 V and a gas pressure in the chamber
P=5-10" Pa.

Electron microscopic study was conducted by a scanning electron microscope MIRA 3 firms TESCAN.
The optical microstructure was investigated on metallographic microscope Epikvant, but at the nanoscale an
atomic force microscope NT-206. By mathematical processing of energy-dispersive spectra of a special pro-
gram PHI-RHO-Z were determined concentrations of elements.

Experimental results

Figures 5 and 6 show the AFM images of the coatings obtained in argon and nitrogen. Figure 7 shows
an electron-microscopic image of argon and nitrogen.
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Figure 5. AFM image of the coating 12X18H10T + Zr in 1D (a) and 3D (b) projections of argon
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Figure 6. AFM image 12X18H10T + Zr coating in 1D (a) and 3D (b) under nitrogen projections
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Figure 7. REM-cover image 12X18H10T + Zr in an argon atmosphere (a) and nitrogen ()
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Figure 8. XPS 12X18H10T+Zr coating in nitrogen

Tables 1 and 2 show the elemental composition of the coatings in its two points of the experimental da-

ta of XPS (Fig. 8).

Table 1
The elemental composition of the coating 12X18H10T + Zr in nitrogen
Element Line type ccocilnc‘;rtlgt)gﬁ The ]:atlo Weight. % Sigma weight %
C K series 1.43 0.01433 3.28 0.48
N K series 30.10 0.05358 10.36 0.98
0 K series 2.71 0.00913 1.56 0.31
Ti K series 0.71 0.00713 0.23 0.06
Cr K series 28.94 0.28939 8.77 0.17
Mn K series 2.25 0.02247 0.70 0.10
Fe K cepus 83.77 0.83775 25.82 0.39
Ni K cepus 11.91 0.11912 3.69 0.15
Zn K cepus 0.00 0.00000 0.00 0.00
Zr L cepus 118.27 1.18270 42.84 0.61
Nb L cepus 7.94 0.07940 2.75 0.33
Amount 100.00
Table 2
Elemental composition of the coating 12X18H10T + Zr in nitrogen (another point)
Element Line type g;i?éiﬁg:?gﬁ The ]:atlo Weight. % Sigma weight %
N K series 35.23 0.06272 12.53 0.82
Ti K series 0.76 0.00759 0.26 0.06
Cr K series 28.24 0.28243 9.00 0.16
Mn K series 2.65 0.02652 0.87 0.10
Fe K series 75.61 0.75606 24.37 0.31
Ni K series 10.36 0.10359 3.34 0.15
Zn K cepus 0.00 0.00000 0.00 0.00
Zr L cepus 131.76 1.31757 49.63 0.54
Amount 100.00

The table shows a high zirconium content of 3 times the iron content and the nitrogen content is 4.
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Discussion of the results of the experiment

Figures 5 and 6 show that the formation of ion-plasma coating formed honeycomb columnar structure.
In the case of sputtering in nitrogen, film fills virtually the entire substrate and becomes more uniform. Fig-
ure 6 is quite similar to Figure 4. d cover Zr—Ni—N [9], wherein in the formation of the phase structure pre-
dominates ZrN,.

The formation of columnar structures is usually observed for single films (Fig. 1) and is described by
the model proposed in [13]. In the presence of dopant, such a structure becomes globular, and is described by
the model of Barna-Adamik [14].

However, in our case it is not realized neither one nor the other mechanism of the observed structure of
the coatings. So we discuss this issue from the standpoint of self-ion-plasma coating represents an open sys-
tem with distributed parameters.

Cellular columnar substructure is often formed during solidification as a result of occurrence of concen-
tration supercooling (Fig. 9) [15]. If the formation of a cellular structure at the crystallization front there is a
zone of liquid melt enriched impurity, the occurrence of segregation of impurities at the boundaries of the
cells is required to lateral diffusion flux impurities from the top of the growing projection. The amount of
impurity which does reach the cell boundary, it is difficult to measure, but it depends on the depth of the re-
cess between the cells. As the hypothermia recess between the cells become deeper, which should lead to the
enrichment of the cell border as a result of an admixture of impurity diffusion from the top of the cell. The
concentration of impurities on the boundary can be several times higher than the concentration in the center
of the cell.

Cellular growth front

B

Growth direction

Melt

Pencil
growth front

ion

Growth
direct

Crystal

Figure 9. The cellular structure (a) and pencil (columnar) structure () [15]

Honeycomb structure consists of a series of parallel elements shaped as rods and arranged in the direc-
tion of crystallization (Fig. 9). The rods have a cross sectional shape of regular hexagons, and the structure at
the solidification front is a collection of hexagonal cells. The upper surface of the free crystals having such a
structure, wavy.

With further increase in thermal or concentration supercooling honeycomb structure is converted into
dendritic. If you have a thermal melt supercooling (negative temperature gradient) any cell, was ahead of its
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neighbors, starting to grow and develop more quickly, forming dendritic branches. This model is well suited
to explain the observable cellular nanostructures, where the role played by the dopant zirconium nitride.
However, there remains the question of why self-crystallizing the melt onto the surface of the substrate.

From the previous consideration of the formation of the structure of the ion-plasma coatings it shows
that the situation is more complicated than it seems at first glance. In this section we will look at this issue
from another angle, namely, using the model of cellular dislocation structure. Plastic deformation of crystals
(and coatings), accompanied by the formation on the surface of strain relief, reflecting the process of locali-
zation of deformation in the crystal at the meso, micro and nanoscale level. Cellular dislocation structure be-
gins to take shape in a deformed crystal at the end of the beginning of the third stage of strain hardening of
metals and finishes at the end of the third stage (see. [16] and references therein). With further deformation
of the material is formed fragmented dislocation structure (in the fourth and fifth stages of strain hardening).
It is believed that cellular dislocation structure is a process of self-organization of dislocations in a multiple
slip. For its origin is necessary to satisfy certain criteria (as in the case of Benard cells) linking multiplication
factors, immobilization, and annihilation of dislocations. Modelled in [16] cellular dislocation structure is
shown in Figure 10.

Figure 10. Cellular dislocation structure in perspective

In the process of ion-plasma coating and cooling of tensions generated in the last state [17], which can
be a source of propagation of dislocations in the entire volume of the deposited coating. Observed with the
sharp increase in the microhardness formed film is the result of dislocation hardening of the coating material.
In a recent paper [18] a sharp increase in microhardness was observed in ion-plasma deposition high entropy
alloys in a nitrogen atmosphere. However, the structure of the coating in this work was not investigated.

Closing

Although both these models qualitatively describe the experimental data presented in this paper, but the
quantitative agreement with experiment is not. This is due to the fact that the proposed theory and contain a
number of parameters that are difficult to define, and sometimes impossible.
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A.II.Ce3gsixoBa, E.H.Epemun, C.A.I'yuenko, B.M.IOpos

IupkoHuiiMeH JierupjaeHreH 60aT Ka0bIHAbICHIHBIH
KYPbLIbIMBI K9HE KacueTTepi

Makanana 12X18H10T Oonar >koHEe LUPKOH KaToATaphl Oip YakpITTa BLABIPATY Ke3iHAE aJIbIHFaH
XKAOBIHJBIHBIH KYPBUIBIMBI MEH KacHeTTepi OOMbIHIIA BKCIEPUMECHTAIABI HOTIDKENIEPl KeNTipiireH.
XKabpmapuap 45 Gomar acteiHa a30TThIH opracbiHAa OepinreH. 12X18H10T+Zr »xaObIHABICBIHA Ta3/bl
a30TTHIH OPTAChIH/A XOFAapbl LIMPKOHUH CHIATBIHAA 3 €ce >KOFapJIaiTBIH TeMip jkoHe 4 a30T CHIAaThl TOH.
12X18H10T+Zr >kaOBIHIBICE a30T XKoHE apToH Ta3zibl OpTackiHaa Oipda3anblk KaObIpIIaK YIIiH OaraHaIbIK
cunartka ue. balikanFaH KypbUIBIMHBIH TYCIHJIipMeci YIIIH €Ki TETiK KapacThIPbUIAJbI: KOHICHTPALUSIIBIK
CYBITBUTY TETIT1 ’KoHE JIHCIIOKAIMSHBIH KoOero TeTiri ece0iHe KaThICTHl TEPMUSUIBIK KepHeY >kaObIHIBICHL. bac
JKaOBIHIBI Maliaa OONyBIHBIH OipiHIN Ke3eHIHJe TepMUSUIBIK KepHEeyJep JaMyFa YirepMeiini »oHe Herisri
POl KOHIEHTPALHSIIBI CYBITY TETIrl eHT13€/, ajl eKiHIIII Ke3eHIe — €Ki TEeTIK Te OPeKeT eTeIi.

A.II.CezasixoBa, E.H.Epemun, C.A.I'yuenko, B.M.}Opos

CTpyKTYypa M CBOCTBA CTAJILHBIX NOKPBITHIA, JIETMPOBAHHBIX IUPKOHHEM

B pabote npuBeneHbI SKCIIEPUMEHTANIbHBIE PE3YNBTATHI 10 CTPYKTYPE U CBOUCTBAM MOKPBITUI, TOIydEHHBIX
IIpU OTHOBPEMEHHOM PAacIblJICHUHN LUPKOHUEBOro Karona u katoxa u3 cranu 12X18H10T. IokpsiTus HaHo-
CHJIUCh B Cpefie a30Ta Ha MoAnoxkKy u3 cranu 45. Iokpeitue 12X18H10T+Zr B ra30Boii cpeie a30Ta UMEET
BBICOKOE COJep2KaHHe LIUPKOHUS, B 3 pa3a MPEBBIIIAIOLIEE COAEPKAHUE JKeNle3a U B 4 — coJepaKaHue a30Ta.
Tokpeitus 12X18H10T+Zr B Ta30B0it cpezie a30Ta U aproHa UMEIOT CTOJIOYATYIO CTPYKTYPY, XapaKTePHYIO
Ut oHO(A3HBIX IUIEHOK. {11 0OBsCHEHUs HAOMIOZAaeMOH CTPYKTYPHI pacCMaTPHBAIOTCS JBAa MEXaHH3Ma:
MEXaHHU3M KOHIIEHTPAI[MOHHOTO MEPEOXJIAKACHUS U MEXaHU3M Pa3sMHOXEHMs AUCIOKALUH 3a c4eT BO3HMK-
HOBEHUSI B TIOKPBITHU TEPMUYECKHUX HamnpsbkeHui. Ha mepBoit cTagnm oO6pa3oBaHHs MOKPBITUS TEPMUUECKUE
HaIpsHKEHHs] He yCTEBAIOT Pa3BUBATHCS, M OCHOBHYIO POJIb UTPAET MEXaHM3M KOHLEHTPALMOHHOTO TePeoX-
JaXAEHN, @ HA BTOPOH CTaIuu IEHCTBYIOT 002 MEXaHHU3Ma.
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