aHbiKmarnobl. Ken cybiH0a memip MeH Mbipbil HOpManapbiHbiH bipwama acbkin kemyi 6alkasnobl.
CbiHamanapdbiH 16,7%-biHO0a Kerl cyblHOafbl MyHal 6HIMOepiHiH MesnwepiHiH apmbik 601ybl
aHbiKmanobi, 6y KendiH KopfanambiH ayMaKkkKa xamambiH akeamopusicbiHda aHmporo2eHAdiK
XykmemeHiH 6ornybiH Kepcemedi. Typrosik KeriHiH cy canacbiH 3epmmey cyObiH aybi3 CyOblH
canacbiHa mMorbIK calikeC KesiMelmiHiH Kepcemmi, acipece xa30a, b6ys cy KolumacbiHaH cy
KolimacbiHa OHall mombIKKaH opaaHuKarsiblK 3ammapObiH mycyiHeH 6051ybl biIkmumarl.

Tytin ce3dep: Typrosik keni, cyObiH pH, cydbiH mendipniei, MmyHal eHimdepi, EOL5, KO/,
memip, MbIC, MbIpbIW, Map2aHey, KOpfFachbiH.

POSSIBILITIES OF USING THE WATER OF LAKE TURGOYAK FOR DRINKING PURPOSES
A.R. Sibirkina, S.F. Likhachev, D.Y. Dvinin, G.A. Voitovich, O.N. Mulyukova

The article is devoted to assessing the suitability of Turgoyak lake water for drinking
purposes. Water quality assessment was carried out according to the following hydrochemical
parameters: BOD5, content of petroleum products, pH of water, compounds of copper, zinc,
manganese, lead. It was revealed that according to indicators of pH of water, compounds of
copper, lead, water of the lake in 2020. met the established norms. In the water of the lake, some
excesses of iron and zinc norms were noted. An excess of the content of petroleum products in the
water of the lake was found in 16.7% of the samples, which indicates the presence of
anthropogenic load on the water area of the lake, which belongs to the OOPT. The study of the
water quality of Lake Turgoyak showed that the water does not fully correspond to the quality of
drinking water, especially in the summer period, which is most likely due to the introduction of
easily oxidizable organic matter into the reservoir from the catchment.

Key words: lake Turgoyak, water pH, water transparency, oil products, BOD5, COD, iron,
copper, zinc, manganese, lead.
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STRUCTURE AND MECHANICAL PROPERTIES OF THE Ni-Cr-Al COATING OBTAINED
BY DETONATION SPRAYING METHOD

Abstract: This paper discusses the results of studies of the properties of Ni-Cr-Al wear-
resistant detonation coatings obtained at different values of the volume of filling the detonation
barrel with an explosive acetylene-oxygen mixture. The thickness of the obtained detonation
coatings NiCr-Al was 214-288um. When the barrel is filled with an explosive gas mixture of 40%,
the coating is not dense enough, with noticeable boundaries between individual particles, which
may be the result of insufficient heating and acceleration of the particles of the sprayed powder.
Higher values of microhardness were obtained at 50% filling of the barrel. The results of
tribological tests of coatings have shown that the coating applied when the volume of filling the
detonation barrel with an explosive mixture is up to 60 %, has a lower wear rate than other
coatings. Visible that the mass loss at 50% of the detonation barrel filling volume is less than other
coatings.

Key words: detonation spraying, NiCr-Al coatings, structure, wear resistance, steel
12Kh1MF.

Introduction

The influence of abrasive flows at high temperatures and oxidative effects with combustion
products on the working surfaces of the boiler plant tubes brings to their active wear, loss of
performance and failure [1]. One of the possible way to counteract these problems is to use wear-
resistant coatings on the surface of the boiler plant tubes.

Owing to low porosity and good adhesion, detonation spraying can effectively reduce the
interior diffusion of oxygen. This provides hard, wear-resistant and dense microstructural coatings
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and is the best method of thermal spraying [2]. Ni-Cr-Al based powders are traditionally used for
applying wear-resistant gas-thermal coatings to constructional alloys. Ni-Cr-Al based coatings are
characterized by relatively low wear resistance and high oxidation resistance (up to 1100 °C) [3].

In the technology of spraying detonation coatings, it is essential to identify the relationship
between the technological modes of spraying and the quality of the resulting coatings [4]. One of
the essential technological parameters of detonation spraying that affect the temperature and
speed of movement of particles of sprayed powders is the filling volume of the combustion
chamber with a gas mixture. This work is dedicated to the study of the effect of the barrel filling
volume during detonation spraying on the wear resistance of Ni-Cr-Al coatings.

Materials and methods

For the substrate heat-resistant low-alloy boiler steel 12Kh1MF (equivalent to 14MoV63)
was chosen. The samples were grinded to achieve a uniform and flat surface. After grinding the
samples were sandblasted. A mixture of 90NiCr-10Al composite powder (wt.,%) was selected as
the powder.

The CCDS2000 detonation system was used for obtaining coatings, which has a system of
electromagnetic gas valves that regulate the supply of fuel and oxygen, as well as control the
purge of the system [5]. The volume of filling the barrel with a mixture of acetylene-oxygen varied
from 40% to 60%. Nitrogen was used as a carrier gas.

Research of the phase composition of samples were carried out by x-ray diffraction analysis
using X’PertPro diffractometer using CuKa-radiation. For study the general nature of the structure
was used an optical microscope «NEOPHOT-21». The tribological characteristics of the coatings
were studied using a friction machine according to the scheme «ball-on disk» on the tribometer
TRB3. The wear volume was determined using the model 130 profilometer. Tests of samples for
abrasive wear were carried out according to the scheme "Flat surface — rotating disk" according to
GOST 23.208-79. Wear resistance was estimated by weight loss. Weight loss was measured
using the weight method on an ADV-200 analytical scale with an accuracy of 0.0001 g. The
microhardness of the samples was measured by pressing a diamond indenter on the PMT-3M
device in consent with GOST 9450-76.

Results and discussion

Figure 1 shows the microstructure of the surface and cross-section of Ni-Cr detonation
coatings when the barrel is filled with an explosive mixture of 40%, 50% and 60%. When the barrel
is filled with an explosive gas mixture of 40%, the coating is not dense enough, with noticeable
boundaries between individual particles, which may be the result of insufficient heating and
acceleration of the particles of the sprayed powder. With an increase in the volume of filling the
barrel with an explosive mixture by 50% and 60%, there is an increase in the density of coatings.
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Figure 1 — Microstructure of Ni-Cr detonation coatings: filling volume of barrel 40% (a), filling
volume of barrel 50% (b), filling volume of barrel 60% (c).
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The results of X-ray phase analysis of coatings showed that the powder and coatings
consist of CrNi3 phases (figure 2). The diffractograms do not contain aluminum phases due to their
low concentration. With the increases filling volume, occurs the widen all X-ray peaks of the CrNi3
phase. On the diffractogram of the coating obtained when volume filling the detonation barrel with
an explosive mixture up to 60 %, alongside with widening, a decrease in the intensity of X-ray
peaks of the CrNi3 phase is occured. The increase in the intensity of all peaks may be due to the
transition of a part of the substance to a nanophase or an amorphous state.
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Figure 2 — Diffractogram of Ni-Cr coatings: (a) initial steel 12Kh1MF, (b) powder CrNi3, (c) filling
volume of barrel 40%, (d) filling volume of barrel 50%, (e) filling volume of barrel 60%.
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Figure 3 shows the results of tribological tests using the «ball-on disk» scheme of a based
on Ni-Cr-Al detonation coating. As seen, the coating applied at the volume of filling the detonation
barrel with an explosive mixture of up to 60 % has a lower wear volume than other coatings.
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Figure 3 — The volume of wear of Ni-Cr-Al coatings at different filling volumes of barrel

The results of the abrasive wear test are characterized by a loss of mass sample after the
testing. Figure 4 shows the loss mass values of 12Kh1MF steel samples with Ni-Cr-Al coating
obtained at different values of the detonation filling volume of barrel. visible that the mass loss at
50% of the volume of filling the detonation barrel is less than that of the initial samples and 40%,
60% of the volume of filling the detonation barrel.
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Figure 4 — Abrasive wear of Ni-Cr-Al coatings at different fill volumes of barrel
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One of the most important properties of the coatings, which greatly affects the wear
resistance, is the hardness. Figure 5 shows changes in the microhardness of a 12Kh1MF coated
steel sample. When Ni-Cr-Al powders detonation sprayed, a coating with a higher microhardness
is formed compared to the base material. When the barrel is filled with an explosive gas mixture of
40%, the microhardness compose 2570MPa, due to insufficient heating and acceleration of the
particles of the sprayed powder. Higher values of microhardness were obtained at 50% and 60%

filling of the barrel.
3500
3000
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1000 I

Stasl filling volume filling volume filling volume
12ERIMF 40% 0% 60%

Figure 5 — Graph of changes in the microhardness of Ni-Cr-Al coatings: initial steel 12Kh1MF,
filling volume of barrel 40%, filling volume of barrel 50%, filling volume of barrel 60%
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Analysis of the obtained experimental results indicates that the properties of detonation
wear-resistant coatings depend on the technological parameters of spraying. Based on the results,
found that by varying the technological parameters of coating application, such as the percentage
of barrel filling, the ratio of the gas mixture, it is possible to control the properties of wear resistance
of coatings. Herewith, it is possible to determine the optimal conditions for the development of
technological modes for obtaining Ni-Cr-Al coatings. An increase in the velocity pressure of
detonation products is achieved by increasing the volume of the detonating mixture (or the degree
of filling of the barrel of the detonation installation), which at the time of detonation match to a
decrease in the specific volume of detonation products. Increasing the velocity pressure of
detonation products contributes to the overall improvement of the quality of coatings, in particular
wear resistance and microhardness.

Conclusion

Thus, the analysis of the obtained experimental results indicates that the wear resistance of
detonation coatings depends on the technological parameters of spraying. When the barrel is filled
with an explosive gas mixture of 40%, the coating is not dense enough, with noticeable boundaries
between individual particles, which may be the result of insufficient heating and acceleration of the
particles of the sprayed powder. It is determined that when the volume of filling the detonation
barrel with an explosive mixture is up to 60 %, there is a widening and a decrease in the intensity
of the main peaks. Higher values of microhardness were obtained at 50% filling of the barrel. The
results of tribological tests of coatings have shown that the coating applied when the volume of
filling the detonation barrel with an explosive mixture is up to 60 %, has a lower wear rate than
other coatings. Visible, that the mass loss at 50% of the detonation filling volume of barrel is less
than other coatings.
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DETOHAUUNANDBIK BYPKY 94ICI APKblJ1bl AlIbIHFAH Ni-Cr-Al XKABbIHbIHbIH
K¥PblJ1IbIMbl MEH MEXAHUKAIbIK KACUETTEPI
M. Maynert, XK.b. CargonguHa, b.K. Paxagunos, H.E.bepaimypaTtoB

byn xymbicma xapbiniFbil auemurnieH-ommeai KocriacbiMeH OemoHauyusisibiK OKMaHObI
monmaIpy KenemiHiH spmypri mMeHOepiHOe arnbiHFaH Ni-Cr-Al mo3yra mesimoi 0emoHayussbiK
XabbiHOapObiH KacuemmepidH 3epmmey Hemuxenepi marnkbinaHadsl. AnbiHFadH  NiCr-Al
OemoHauusnblK xabbiHOapbiHbIH KasbiHObIFbl 214-288 mkm 60ndbl. OknaH 40% xapbinfbiw 2a3
KocracbiMeH monmelpbiiiFaH Ke3de, xabblH XemKifnikmi mbiFbl3 €MecC, Xeke bernuekmep
apacbiHOarbl alKbiH WeKapanap 6ap, O6yn Xemkinikcia Kbi30bipy MeH OypikKiu yHmMaK
benwekmepiHiy yoeyiHiH Hemuxeci 6onybl MyMKiH. OknaHObl 50% monmbipy KesiHOe XXOfaphbl
MUKpOKammblfiblKk  MoHOepi anbiHObl. XKabbiHOapdbl mpuboiocusiniblK CbiHay HemuXxesnepi
0emoHayusnbiK OKnaHObl XXapbinfbl KocriameH 60% - fa OeliH monmeipy KenemiHOe
KondaHblinFaH XabblHHbIH 6acka xabbiHOapra KaparfaHOa mo3y OQepexeci meMeH eKeHIH
kepcemmi. [demoHauusinbik okrnaHObl monmeipy KenemiHiH 50% ke3iHde maccaHblH XofFarybl
backa xabbiHOapra KaparaHOa a3 eKeHiH kepyae 60nadbl.

TyliH ce30ep: demoHayusnbik 6ypky, NICr-Al xabbiHbl, KypbiribiM, mo3yra me3aimOinikK,
12X1M® 6onamsi

CTPYKTYPA U MEXAHUYECKUE CBOUCTBA NMOKPbITUA Ni-Cr-Al MONYYEHHOIO
METOAOOM OETOHALUMOHHOIO HAMNBINEHUA
M. Maynert, XX.b. CaraonguHa, b.K. Paxagunos, H.E. Bepgumypatos

B danHol pabome obcyxdaromces pe3yrbmamel uccriedogaHuli ceolicmg U3HOCOCMOUKUX
OemoHauuoHHbix nokpbimul  Ni-Cr-Al, nonydyeHHbIX npu pasuyHbIX 3Ha4YeHUsIX obbema
3anonHeHuUsi 0emoHayUOHHO20 cmeosia 83pbi800NacHoOU auemusieHo80-KUCITOPOOHOU CMEChHO.
TornwuHa nony4YeHHbix 0emoHauuoHHbIX nokpbimul NiCr-Al cocmaensna 214-288 mkm. Kozda
cmeos1 3arosiIHeH 83pbieoornacHol 2a3080li cmecbio Ha 40%, MoKpbimue ony4aemcs
HedocmamoyYHO MIOMHbIM C 3aMEeMHbIMU 2paHuyamu Mexoy omaoesibHbIMU HYacmuyamu, 4mo
Moxxem bbimb pe3yribmamom HedoCcmamo4YyHO20 Hagpesa U YCKOPeHUs Yacmul, pacribiisemMozo
nopowka. bonee ebicokue 3HayeHuUsi Mukpomeeplocmu O6binu  MOy4YeHbl MpU  3arofHeHUU
cmeona Ha 50%. Pe3ynbmambsl mpubono2udeckux ucrnbimaHul MOKpbIMul rokKasanu, 4mo
MOKpbIMue, HaHeceHHoe rpu obbeme 3anofiHeHuUss OemoHaUyUOHHO20 cmeosa 63pbie4amou
cmecblo 0o 60%, umeem MeHbWYK cmerneHb U3Hoca, 4YeMm Opyaue roKpbimus. BudHo, 4ymo
nomepsi maccbl npu 50% om obbema 3anosHeHUss 0emoHayUOHHO20 cmeosia MeHbWe, YeM y
Opyaux nokpsimud.

Knroyeenblie cnoea: OemoHauyuoHHoe HarnbineHue, NiCr-Al nokpbimus, cmpykmypa,
u3Hococmotkocmb, cmarsb 12X1M®
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