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Using the method of structural engineering by changing the thickness of the layers in a multiperiod
ZrN/MoN system investigated the effect of the phase-texture state of the crystallites and their size on the
hardness of the vacuum-arc coating. Is revealed a determining influence on the formation of ZrN layers
preferential orientation growth [100] axis with a small layer thickness 7-20 nm (the deposition of 3 to 10
seconds). At high layer thickness determines the texture [311] crystallites are »-Mo2N phase formed in the
Mo-N layers. Pulsed high-voltage stimulation without changing the type of structural states for different
layer thicknesses, leads to partial disorientation texture in thick layers. Hardness of coating with thick
(80 nm) layers is 35-37 GPa. In small thickness layers pulse stimulation of atoms motility causes the for-
mation of a planar structure with an average crystallite size of 4-9 nm in the layers, which is accompanied
by increased hardness of up to 44 GPa.
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1. INTRODUCTION

Numerous studies conducted in recent years [1-6]
showed that by creating a composite coating of the mul-
ti-element nitrides [7-10] or alternating two or more
layers of nitrides of transition metals [11-14] can large-
ly improve the functional properties of the surface ( to
the greatest extent achieved improvement in the me-
chanical characteristics).

Among the multilayer systems, the highest mechan-
ical properties compared to single components (Ti,
ADN/VN [15, 16] and TiN/VN [17-19]. Moreover pri-
marily on the properties of these coatings are influ-
enced by the thickness of the layers [20, 21] (most high
properties were obtained when the thickness of the
layers in the nanometer range). It is assumed that the
basis for such an increase in properties of multilayer
systems is retaining (quenching spread) the ability of
the interlayer boundaries to crack propagation, and
hence a high wear resistance values measured from the
H/E ratio [22, 23]. The unique properties and structural
states MoN coating in the form of single-layer coatings
[24, 25], and in multilayer compositions [26-30] in the
first instance determined by the possibility fibrewise
strain relief [24], which is a very important parameter
in the formation of a multilayer composition. On the
other hand, in recent years an enhanced interest has
been shown by coatings based on ZrN [31], which is
largely due to the high resistance of such coatings to
oxidation and radiation resistance.

Therefore, as one of the most promising multilayer
systems can be considered MoN/ZrN system, which
used a combination of nitride allows a high hardness
and wear resistance combined with good resistance to
oxidation and other influences in aggressive environ-
ments.
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The aim of this work was to study the influence of
such parameters as the thickness of layers on the phase
composition, structure and mechanical properties (hard-
ness) of the coatings deposited at a different negative
potential bias supplied to the substrate (— Us), that pro-
vides a difference in energy of the particles deposited.

2. MODES OF RECEIVING COATINGS AND
METHODS OF RESEARCH

Coatings were obtained by vacuum-arc method on
the modernized installation "Bulat-6" [32]. Pressure of
working (nitrogen) atmosphere during deposition was
Px=4-10-2Torr, the deposition speed was about
2 nm/sec. Deposition was carried out from two sources
(Mo and Zr) at a predetermined time delay or continu-
ous rotation fixed on substrates of samples at
8 rev/min.

The deposition process is carried out under the fol-
lowing processing conditions. After the deposition of the
first layer the two evaporator turned off, turning the
substrate holder by 180° and again at the same time
included both evaporators. The arc current during the
deposition was 85 ... 90 A, the distance from the evapo-
rator to the substrate — 250 mm, the substrate temper-
ature (Ts) was in the range of 250 ... 350 °C.

The total coating thickness was about 10 microns
with the hourly time deposition. In the process of depo-
sition on the substrate was fed a constant negative po-
tential value — Up =— 110 V and — 200 V.

Multilayers nanostructured coatings MoN/ZrN with
simultaneous ion implantation in the deposition pro-
cess deposited when applying for a substrate holder
along with a negative constant potential and pulse po-
tential with a pulse duration of 10 ms, repetition fre-
quency of 7 kHz and an amplitude of up to 2 kV.
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The main advantage of the method of plasma ion
implantation and deposition (PBII & D-method) at two-
phase synthesis of nanostructures MoN/ZrN is to sub-
stantially reduce synthesis temperature (below 200 °C),
which would block an appreciable diffusion mixing
components.

The phase composition, structure and substructural
characteristics were investigated by X-ray diffraction
(DRON-4) using Cu-Kg-radiation. For monochromatic
detected radiation used graphite monochromator, which
is installed in the secondary beam (front of the detector).
The study of phase composition, structure (texture, sub-
structure) produced by conventional methods by X-ray
diffraction by analysis of the position, intensity and
shape of the diffraction reflexes profiles [33]. To decrypt
diffraction patterns used tables International Centre for
Diffraction Data Powder Diffraction File.

Microindentation performed on the installation "Mi-
cron-gamma" with a load of up to F'=0,5 N Berkovich
diamond pyramid with an angle of 65°, to automatically
perform loading and unloading for 30 seconds.

3. RESULTS AND DISCUSSION

Analysis of the morphology of the fracture of multi-
layer coatings show reasonably good planarity of them
(Fig. 1), which is typical for all investigated precipita-
tion regimes.
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Fig. 1 —The lateral cross-section of the multilayer coating
with the duration of the overlay layer 7 = 40 sec

The phase-structural condition substantially de-
pends on the mode used. Fig. 2 shows plots of the dif-
fraction spectra of coatings deposited at constant
— Up=-110V without pulse stimulation rate (Fig. 2a)
and the pulse stimulation during growth (Fig. 2b).

One can see that for small time deposited layers
(and thus the thickness of layers to 20 nm) of the coat-
ings obtained without pulse stimulation (Fig. 2a), there
is a change of the preferential orientation of the crys-
tallites on the [100] at the least thickness to [311] at
the maximum thickness layers (shown by the arrows of
the Fig. 2a). The last occurs simultaneously in both
ZrN, MoN and the layers (where this texture is deter-
mined by the growth of crystallites »-Moz2N phase lat-
tice type NaCl). From the analysis of the results of pre-
vious studies [24, 30] texture of [311] can be considered
in determining these conditions growth in layers
7-MosN phase, while for the formation of ZrN charac-
teristic texture with the [100] or [111].
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Fig. 2 — Plots diffraction spectra of coatings obtained at a
constant potential — 110 V without bias pulse stimulation (a)
and with pulse stimulation (b) when <, sec.: 1 — 3, 2 — 10,
3-20,4-40,5-150

Therefore, we can assume that at small thicknesses
of the layers, specifying the preferred orientation of
growth is the texture layers of ZrN (ie in the layers
determines the largest radiation damage due to the
heaviest Zr atoms). With increasing thickness of the
layers is determined primarily by the growth of crystal-
lites it becomes a layer of »MozN. This change may be
due to the contribution of the growth factors defor-
mation as the thickness of the layers.

If we compare the diffraction spectra of the coatings
obtained without pulse stimulation (Fig. 2a) and with
pulse stimulation (Fig. 2b), we see that if the general
trend of pulse high impact results in greater
disorientation of crystallites growth axes, reducing the
degree of texturing, and at most to the thickness
translates texture characteristic radiation factor action
(with [110] axis perpendicular to the growth plane) [7].

This increase in the permanent capacity to
—Up=-200V at least thin layers of a thickness of
about 7 nm (r = 3 sec) leads to increased texture [100]
axis, which can be associated with an increase in the
mobility of atoms. The latter is a consequence of the
increase in the average energy of film-forming charged
particles with increasing — Us to — 200 V.

The analysis of crystallite sizes carried out on the
broadening of the diffraction reflexes showed that ZrN
layers crystallites have a greater dimension in the
direction of growth with increasing deposition time
(thickness) of layers from 3 to 150 seconds, a crystallite
size (L) is increased by 7 to 15 nm. The crystallite size
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in the layers of »-MozN considerably smaller and varies
in the range of 3.1-4.5 nm (Fig. 3, the dependence of 1
and 2). A lower value of the average crystallite size of
7-Mo2N phase may be associated with a tendency to its
shear deformation due to the relatively low power
communication Mo-N (and, accordingly, the heat of
formation).
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Fig. 3 — Changing the size of crystallites in the layers,
depending on the deposition time: 1 — ZrN (without pulse
stimulation) 2 — MozN (without pulse stimulation), 3 — ZrN
(pulse stimulation), 4 — Mo2N (pulse stimulation)

Additional pulse stimulation is not a determining
effect on the growth of ZrN crystallites (Fig 3, the
dependence 3). But due to increasing mobility
significantly increases the average size in the »Mo2N
layers (4 to 8.5 nm) with an increase of 3 to 7 150 sec
(Fig. 3, 4 dependent).

Possibilities of structural engineering on different
layers of preferential orientation of the crystallites and
their size would greatly change the mechanical
properties of multilayer ZrN/MoN coating. The most
universal criterion of the mechanical characteristics
refers the working surface microhardness. Fig. 4 shows
the generalized results Microindentation. One can see
that increasing — Up to — 200 V, while a strong texture
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formation stimulated with [100] axis, but leads to a
drop in the hardness of the system up to 30 GPa.
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Fig. 4 — Dependence of change microhardness of the coatings
at the time of deposition of layers: 1 — — Uy =— 110 V, without
pulse stimulation, 2 —— Uy =— 110 V, with a pulse stimulation,
3 ——Us=-200V, with a pulse stimulation

The hardness of coatings obtained by — Up =— 110 V
without pulse stimulating nonuniformly varies in the
range of 32-34 GPa at a low layer thickness, with a
further increase to 37 GPa with an increase in the
average crystallite size of 10 nm and a perfect texture
growth axis [311]. The hardness of such coatings do not
significantly change with the greatest layer thickness
(about 300 nm) and education bitextural state with
axes [311] and [110]. In the coatings obtained by
— Up=-110V and pulse stimulation of the mobility by
potential to 2 kV, a hardness similar to that of thick
layers of coatings obtained without stimulation and is
35-37 GPa. With a relatively small thickness layers
stimulation pulse due to increased mobility of the
atoms at their deposition leads to an increase of
hardness up to 44 GPa, apparently due to the growth
with the planarity of the interlayer boundaries and
formation of texture with the axis [311].

CrpykrypHa iHxkeHepia Oararonepioguux noxkpurris ZrN/MoN

0.B. Cobomn!, A.O. Metinexos!, B.A. CronoosuiiZ, I'.O. Ilocrenpank!
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Burxoprcrosyoun MeTon CTPYKTYPHOI 1HsKeHepil IMIJIAX0M 3MiHM TOBIIMHM IIAPiB B 0araTonepiogHii cuc-
temi ZrN/MoN nmocmimxeHO BILIMB (Pa30BO-TEKCTYPHOIO CTAHY KPHUCTAJIITIB 1 X po3Mip HA TBEPHIiCTh BAKyY-
MHO-AYTOBUX MOKPUTTIB. Busasiaeno BusHavanbHuii BB ZrN IapiB Ha (GopMyBaHHSA II€PEBAKHOL OpieH-
Tarii 3pocty 3 Biccio [100] mpm mastiit ToBmmHI mapis 7-20 HM (dac ocamxenHsa 3 -10 cex). [Ipu Bemukii To-
BIWHI MApiB Bu3HAYaIbHUM TeKcTypy [311] € kpucramitu -MoaN dasu, mo dopmyerses 8 Mo-N mapax.
IMmyIbCcHA BHCOKOBOJIBTHA CTHUMYJIALISA HE 3MIHIOIYN THUII CTPYKTYPHHUX CTAHIB 1A PI3HUX TOBINMH IIAPIB,
IPU3BOJUTD 10 YACTKOBOI pa3opieHTAIlll TEKCTYPH IIPY BEJINKIiM ToBIIMHI mapis. TBepaicTs IOKPUTTIB 3 TOB-
cruvu (80 BEM) mapamu craHoBUTh 35-37 I'[la. V mapax mMasiol TOBIIMHY IMITYIbCHA CTUMYJIALII PyXJIABOCTI
aTOMIB IIPU3BOAUTDH 10 (DOPMYBAHHA IJIAHAPHOL CTPYKTYPH 3 CEPeIHIM pO3MipoM KPHMCTAJNTIB B mapax 4-9
HM, III0 CYIIPOBOKY€EThCS MIIBUIIIEHHAM TBepaocTi 1o 44 I'Tla.

Knrouessie ciopa: Bararomaposi mokpurrss ZrN/MoN, Tosmmaa mapis, Ilorenmian scysy, Crpyxrypa,

Hawuopoawmip kpucramiris, TBepmicTs.
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CTpyKTypHAasa MHKEHEePUSA MHOrOnepruoaHbIX mOKpeITuil ZrN/MoN

0.B. Co6ompl, A.A. Meitnexos!, B.A. Cron6osoii2, A.A. ITocresrbEUK!

L HTY «Xapvrosckuil nostumexnuueckuti uncmumym»n, ya. Kupnuuesa, 21, 61002 Xapovros, Yrpauna
2 HHII «Xapvkosckuil gousuro-mexnuyeckutl uncmumym»n, ya. Akademuueckas, 1, 61108 Xaporos, Ykpaurna

HWcnonb3ys Meroa CTPpyKTYPHOM MHIKEHEPUU IIyTeM U3MEeHEHUsI TOJIIIUHEL CJIOEB B MHOTOIIEPUO/IHOM CH-
creme ZrN/MoN wmccimemoBaHo BIMSHEA (PA30BO-TEKCTYPHOI'O COCTOSHUS KPUCTAJIJIMTOB M MX pa3Mepa Ha
TBEPJIOCTh BaKyyMHO-IyTOBBIX IOKPHITHI. BrisiBiieHo ompesessitoniee Biausinne ZrN cioeB Ha ¢dhopMUpoOBa-
HUE MPEeNMYIIeCTBeHHON opreHTaIrmu pocra ¢ ocbio [100] mpu masmoit TommuHe cioeB 7-20 HM (Bpems oca-
sxaenns 3 -10 cex). [Ipu GOJIBITION TOIIIMHE CIIOEB OIPEIESIAINIM TeKCTYPY [311] ABIISOTCS KPUCTAJLIATE
7-MozN dassi, dopmupyemoit B Mo-N ciosax. mMmyascHas BBICOKOBOJIBTHAS CTUMYJIAIIAS He MEHSIS THII
CTPYKTYPHBIX COCTOSTHUH JIJIS PA3HBIX TOJIIUH CJIOEB, IPUBOJIUAT K YACTUYHON PA30PUEHTAIIUN TEKCTYPHI IIPH
00TBIII0# TOJIIIHHE cJI0eB. TBepaocTh MOKPHITH ¢ TosicThIME (80 TM) cmosmu cocrasisier 35-37 ['Tla. B cito-
SIX MAJION TOJIMIMHBI UMITYJIbCHAS CTUMYJISIITAN TTOJBUKHOCTH aTOMOB IIPHUBOJUT K (DOPMUPOBAHUIO TLIIAHAD-
HOM CTPYKTYPHI CO CPETHUM Pa3MepoM KPHUCTAJIIIATOB B CJI0AX 4-9 HM, UTO COIIPOBOKIAETCS TIOBBIIIIEHUEM

TBepaoctu 10 44 I'Tla.

Knrouessie cnoea: Muorocnoitnoe moxperrue ZrN/MoN, Tommmua cioes, [Torenmuan cvemnenus;, CTpyk-

typa, Harnopaamep kpucrasiuros, TBepaocrts.
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