Vestnik of Don State Technical University. 2018. Vol. 18, no. 4, pp. 401-407. ISSN 1992-5980 eISSN 1992-6006
Becmuuxk /lonckozo zocydapcmeennozo mexnuyeckoz2o ynugepcumema. 2018. T. 18, Ne 4. C. 401-407. ISSN 1992-5980 eISSN 1992-6006

MAIINHOCTPOEHHUE N MAHIMHOBEJIEHUE
MACHINE BUILDING AND MACHINE SCIENCE

VIK 669.-175.2:621.7.022.6

https://doi.org/10.23947/1992-5980-2018-18-4-401-407

On nanoscale phenomena in the electroacoustic sputtering process’

W. H. AL-Tibbi', V. S. Minakov®”

"2 Don State Technical University, Rostov-on-Don, Russian Federation

K BOIIPOCY 0 HAHOPA3MEPHLIX ABJCHUAX B MPOoLECCe IJTEKTPOAKYCTHYECKOI0 HANIBLJICHUS -

B. X. Aab-Tu66u’, B. C. Munaxos**

"2 JToHCKO#i rocy1apCTBEHHBII TEXHUYECKHUiT yHHBEPCUTET, T. PocToB-Ha-JloHy, Poccuiickas deneparms

Introduction. The effect of variable parameters of the electroa-
coustic sputtering (ELAS) process on the characteristics of the
crystalline structure of hardening coatings is studied. The
ELAS parameter values providing nanostructured cover coat-
ings for machine parts and cutting tools are determined. Hard-
ening through using such coatings allows achieving a signifi-
cant (5-10 times) increase in the life of hardenable machine
parts and various tools designed for mechanical processing. To
obtain coatings with the desired properties of the surface layer,
nanocrystalline materials should be selected. In this case, a
certain content of the amorphous phase is permissible.
Materials and Methods. To carry out the X-ray structural
analysis, the X-ray diffraction Russian-made device DRON-
3M was used. The Scherrer-Wilson method was applied to
determine the granularity of particle blocks from the value of
the intrinsic broadening of the diffractogram peaks. The con-
clusions obtained in this paper are based on the method of
separation of the affecting factor contributions into broadening
the diffraction reflection peaks (the Warren-Averbach meth-
od).

Research Results. Depending on the process conditions and
the technique for obtaining nanostructured materials, a non-
uniquely interpretable change in the indices of the diffraction
peaks broadening occurs, which is generally characteristic of
nanocrystalline metals. One of the possible explanations for
this phenomenon is the presence of a nanosized effect in the
hardened layer. The occurrence of the nanocrystalline struc-
ture in the sputtered layer verifies the calculated values of the
dimensions of the coherent scattering regions (CSR). The oc-
currence of affecting values of the misorientation angle of the
crystal structure is verified by the CSR value for the investi-
gated 110 and 220 reflexes, which is supported by a high per-
centage of the amorphous phase.

* The research is done within the frame of the independent R&D.
" E-mail: nb1979@mail.ru, vs_minakov@mail.ru
*** PaGoTa BBINIOJIHEHA B pAMKaX HHUIMATHBHOK HIP.

Bseoenue. UccnenoBano neiicTBre BapbHPYEMBIX ITapaMETPOB
mporiecca aneKTpoakyctuueckoro HambuieHus (OJIAH) Ha
XapaKTEPUCTHKN KPHUCTAIMIECKOH CTPYKTYPHI YIIPOUHSIIO-
KX MOKPHITHHA. BBISBIEHBI 3HAUCHUS YKa3aHHBIX Mapamer-
poB, 00ecreunBalomue MOMyIeHHe HAaHOCTPYKTYPHBIX 3aIllUT-
HBIX TOKPBITUH AeTanell MallMH M PEeXYIIETO MHCTPYMEHTA.
VYrpoyHeHHe Npu MOMOLIM NMOJAOOHBIX MOKPHITHI MO3BOJISET
JocTHYb 3HauuTeNnbHOro (B 5-10 pa3) MOBBINEHUS pecypca
paboThl yNPOUHSEMBIX JleTaieil 1 HHCTPYMEHTOB, IpeAHa3Ha-
YEHHBIX IS MeXaHooOpaboTku. JIs MoTydeHns! MOKPBITHI ¢
3aJaHHBIMU CBOMCTBAMH MOBEPXHOCTHOTO CIJIOSI CIEAYET BBI-
O6upaTh HaHOKpHUCTa/UTHUeckue Marepuansl. IIpu sTom fgomy-
CTHMO OIIPEIIEIICHHOE COJIeprkaHne aMOpGHOM a3kl
Mamepuanvt u memoOsi. VIconb30BaH PEHTT€HOCTPYKTYPHBIN
aHaNM3, KOTOPBIA IPOBOJMIICS HA PEHTTEHOBCKOM AN(PaKIU-
OHHOM ammapaTe OTE4eCTBEHHOro mnpousBoacTBa «/IPOH-
3M». Meron lleppepa — BuiicoHa IPUMEHEH € LEIBIO OIpe-
JeTIeHHs] 3epHUCTOCTH OJIOKOB YACTHI] 10 3HAYCHUIO (U3HUe-
CKOT0 YIIMPEHUs HMHMKOB Ju(pakTorpamMMbl. BriBomsl 1o pe-
3yJIbTaTaM paboThl OCHOBAHEI HA METOJMKE Pa3JieeHHs BKIa-
JIOB 3Ha4almyx (haKTOpPOB B YIIMPEHHE MHUKOB IU(PAKIMOH-
HBIX OTpakeHUH (MeTo] YoppeHa — ABepOaxa).
Pesynomamer uccredosanus. B 3aBUCHMOCTH OT TEXHOJIOTH-
YECKUX PEKHUMOB M METOJA IMOIyYEHHUs] HAHOCTPYKTYPHBIX
MaTepuaJoB IPOUCXOAUT HEOAHO3HAUYHO HHTEPIPETHPYEMOe
U3MCHEHHE NOKa3aTeJIed yIHpeHus: AU(PAKINOHHBIX THKOB,
YTO, B OOIIEM, XapaKTepHO M1 HAaHOKPHCTAUIMIECKHX Me-
TaJUIOB. DTO SBJICHHE MOXKHO OOBSCHUTD, B YACTHOCTH, HAJIH-
YheM HaHOpa3MepHOro 3¢dexra B ynpoyHeHHOM cioe. [Ipu-
CYTCTBHE HAHOKPHUCTAUINYECKOH CTPYKTYPHI B HAIBUICHHOM
ClIoe HampsIMyI0 MOATBEPKIAETCS BBIYUCICHHBIMU 3HAUEHMS-
MH pa3MepoB obiactell korepeHTHOro paccemsanus (OKP).
Hanuuue 3HauMMBIX BENIWMYMH yria pPa3sOPHEHTHUPOBAHMS
CTPYKTYpBl KPHCTAJUIOB MOATBepxkaaercs BenuunHod OKP
IUTsL UccTieoBaHHBIX peduiekcoB 110 u 220, 4To MoaKperuisieT-
CsI BBICOKMM IIPOLICHTHBIM COJIepXKaHueM aMopdHOit (a3l
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Discussion and Conclusions. The electroacoustic scattering
method is promising for obtaining nanocrystalline structures in
the surface and subsurface layers of the sprayed samples. The
ELAS process variables variation leads to the parameter
spread of the crystal lattice and coherent scattering areas. In
this case, there is no definite trend. In the future it is expected
to solve the given problem. First, experiments will be conduct-
ed to determine the optimal sputtering regimes that could

stimulate the formation of nanocrystalline structures. Second-

Obcyscoenue u 3axniovenus. MeTon 3IEeKTPOaKyCTUIECKOTo
HaIbUICHHs] EPCHEKTUBEH JUIS OTyYeHUs] HAHOKPHUCTAIIHYe-
CKHX CTPYKTYpP B MOBEPXHOCTHOM U IPUTIOBEPXHOCTHOM CIIO-
AX HAaNbUICHHBIX 00pa3noB. M3MeHeHHe TeXHONOTHYECKHX
napametrpoB DJIAH mpuBogur k pa3dpocy 3HaueHHI mHapa-
METPOB KPHUCTAIUINYECKO PeIIeTKr 1 obyiactell KOrepeHTHOTro
pacceuBaHus. B 3TOM ciydae He BBIABISETCS OIpeseleHHas
TeHAeHLUA. B nanpHeliemM npeanonaraercs: pelieHue JaHHON
npo0neMsl. Bo-nepBbiX, OymyT NpOBENEHBI SKCIEPUMEHTHI C
LEII0  ONpENCNCHUs] ONTHMAIBHBIX PEXHMMOB HAIbUICHHS,

CIIOCOOCTBYIOIIMX ~ OOPa30BAHMIO  HAHOKPHCTALIMYECKHX

ly, visual observation and evaluation of the sprayed layer
CTpYKTYp. BO-BTOpBIX, IIIaHUPYETCsl BU3yalbHOE HAOIIOACHUE

structure using electron microscopy is planned. H OILIEHKA CTPYKTYphl HATIBUIAEMOTO CJIOS TIPH MOMOIIHU 3JIeK-

TPOHHOI MUKPOCKOIIHU.

Keywords: nanocrystalline structures, hardening coatings, KioueBble  ¢J10Ba: HAHOKPHCTANIMYECKHE  CTPYKTYDHI,

crystal lattice, diffractometric studies, electroacoustic sputter- YIOPOYHSIONIME IOKPBITHS, KPUCTAIMYECKas pELIeTKa, IU-
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SJICKTPOAKYCTUYECKOTO HaIbLICHHUS /

Introduction. To obtain nanostructured hardening coatings is an urgent and long-run engineering challenge [1,
2]. Numerous studies in the field of materials science have shown that a tangible (by several times) change in strength,
hardness, and wear resistance of materials is possible with a decrease in crystal grains to a certain value.

Under this investigation, it is expected to study the crystal microstructure of hardening coatings using the
method of electroacoustic sputtering (ELAS) [3, 4, 5]. Such hardening involves the use of an electric spark (highly-
concentrated power flotation) and ultrasonic longitudinally-torsional vibrations. ELAS-hardening, using a specialized
installation, enables to increase the operational life of parts and tools by 5-10 times.

In the paper, the ELAS operational parameters vary in order to identify their values, which contribute to ob-
taining nanostructural protective coatings for the parts and cutting tools. To create protective coatings with the required
properties, alloys in the amorphous state are often used. However, in certain areas, nanocrystalline materials are used
more often than the amorphous ones. Nanocrystals relax to a far lesser extent in use of the coating, and they are highly
competitive with amorphous materials in their properties. Obviously, to obtain coatings with the desired and stable
properties of the surface layer, nanocrystalline materials should be selected, though with a certain content of the amor-
phous phase.

Materials and Methods. Resonance methods, X-ray diffraction analysis, electron microscopy, and some other
techniques [2] are widely used to identify nanocrystalline materials in the surface layer. In the present work, the most
accessible method based on identifying the diffraction reflection broadening under the X-ray structural analysis of sam-
ples is used to evaluate the microstructure parameters. “DRON-3M?”, the X-ray diffraction Russian-made apparatus, was
used for X-ray diffraction analysis. The characteristic radiation of the iron anode with the release of AK, spectral line of
the sample, as well as of the detector, was analyzed. The X-ray tube specifications were 25 kV, 5 mA. The Bragg -
Brentano method of radiation focusing was used [6]. The selected detector parameters are as follows: motion speed is 1
deg/min; integration time is 5s. When determining the distances between the measurement planes, the error was + 0.001
A, which is similar to determining the position of diffraction maxima accurate to + 0.02 degrees. Samples of a cylindri-
cal shape made of 45 steel were studied. The diameter and height of the sample was 6 mm.

To identify samples, special marks were applied using ELAS on the front surface of each of them. The sample
without sputtering made from 45 steel was chosen as a reference one, not the sample that is close to pure a-Fe.

Research Results. The profiles obtained during the work are presented in Fig. 1.
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Fig. 1. Diffraction reflections with profiles: reference with coarse grain (a); sample for sputtering (U= 16.9 V, 4 = 4.9 microns) (b);
U=13.1V,4=152pm (c); U= 129V, 4=9.9 um (d); U=12.9V, 4=5.1 pm (¢); U=9.1 V, 4= 15.1 pm (f)

The shape of the diffraction profiles for the reference sample is shown in Fig. 1 (a), for samples with spread
sputtered coating on the above modes — in Fig. 1 (b) - (f). ELAS variables are electrode-anode voltage (U) and ampli-

tude value (4) of ultrasonic frequency oscillations.

Diffractograms of the reference and study sample show the intensity values ratio. The relationship of the crys-

tallized and amorphous material was calculated from these data. The contribution of the texture component was not
considered.

Analysis of the experimental data allows us to conclude that the main phase in most of the samples under study
is o - Fe. The Scherrer-Wilson method (the best in this case) was used to determine the grain coarseness of blocks of
particles according to the value of the physical broadening of the diffractogram peaks [7].

Table 1 presents the summarized data on the research results:

- B physical broadening,

- d-space,

- a dimensional parameter of the crystal lattice,

- size of coherent scattering regions.
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Table 1
Design parameters of crystal structure and diffractogram data
P ter / Reflex
arameter 170 220
Sample
1 2 3 4 5 IT. 1 2 3 4 5 ref.
2.01 1.71 1.68 1.81 195 | 1.39 | 847 | 834 | 8.62 | 8.87 | 10.01 | 8.06
B-107, deg.
56.916 | 56.86 | 56.926 |56.876|56.976| 57.2 |144.66| 144.7 |144.78|144.91|144.53 | 144.4
20, deg.
2.026 2.028 2.025 | 2.027 | 2.024 | 2.019 | 1.013 |1.0129(1.0126|1.0122{1.0132|1.0129
d, A
2.8553 | 2.8581 | 2.8539 |2.8567|2.8525|2.8465|2.8539|2.8561 |2.8553|2.8793|2.8571|2.8571
a, A
111 130 131 123 114 - 76 77 75 73 64 -
D, nm
Amorphous 59 55 57.5 53.5 51 - 59 75 81 98 79 -
component
content, %

110 and 220 reflexes were selected as the basic ones.
Table 1 data demonstrate significant broadening of the diffraction peaks. It is logical to assume that such a

width in our case is, to a greater extent, due to the highly dispersed structure of the crystallites than to the dislocation
microstresses of the surface layer. To confirm this conclusion, the contributions from these factors are estimated by the
Warren — Averbach method [8]. The center-of-gravity shift of the peaks on the diffractograms with a simultaneous in-
crease in a lattice parameter to 1.15-1.17% serves as an indirect proof for the above formulated hypothesis. The shift
itself is small, but meaningful (expressed in hundredths of a degree).

Consider the phenomena that occur when changing the values of the process conditions (electrical voltage and
amplitude of oscillations), and their effect on the broadening value of the diffractogram peaks depending on the lattice

dimensional parameter (Fig. 2).
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Fig. 2. Effect of ELAS regimes variation on « lattice parameter depending on 3 value of physical broadening of diffractogram peaks

As expected, a change in the deposition modes affects a lattice parameter without a definite traceable depend-
ence. In this case, a value variations are directly proportional to the broadening value of the lines of the diffractogram
lines. In [9], comparable proportional dependences can be observed for various oxides.

Such ambiguously interpolated dependences are characteristic of nanostructured materials (in particular, met-
als) and are determined by the physical method of their synthesis [1, 10] (Fig. 3).
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Fig. 3. Effect of ELAS variables on microstructure parameters

Perhaps, this phenomenon is explained by the occurrence of a nanoscale effect in the hardened layer. The pres-
ence of a nanocrystalline structure in the sputtered layer is directly confirmed by the calculated values of the sizes of
coherent scattering regions (CSR). The significant values of the disorientation angle of the crystal structure is verified
by the CSR values for 110 studied reflex, and also, noticeably, for 220 reflex, which is supported by a high percentage
content of the amorphous phase. Similar phenomena can be also caused by high values of disorientation angles.

Summing up, it can be stated that all of the above phenomena (including sizes of the coherent scattering re-
gions) directly confirm the presence of a nanoscale effect [1].

Discussion and Conclusions. Thus, the method of electroacoustic sputtering is promising for obtaining nano-
crystalline structures in the surface and near-surface layers of sputtered samples. As stated in the paper, ELAS process
parameter variation brings into existence the lattice parameter spread and coherent scattering regions without a definite
identified tendency. In the future, this problem will be solved. This can be facilitated by the experimental determination
of optimal sputtering regimes that ensure the formation of nanocrystalline structures. In addition, the structure of the
sputtered layer can be observed and evaluated using electron microscopy.
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