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UTILIZING DETONATION SPRAYING IN THE PROCESS OF FORTIFYING COMPONENTS
WITHIN POWER PLANT TECHNOLOGY

Abstract: The article addresses challenges related to enhancing the performance
characteristics of power plant components. Research conducted by different authors demonstrates
that when aiming to enhance the operational qualities of these parts, detonation spraying yields
superior outcomes owing to its low porosity, high strength, and strong adhesion of the coatings
produced. Also benefits of employing Ni-Cr-Al-based coatings as high oxidation resistant coating.
The study involves the acquisition of Ni-Cr-Al-based gradient structured coatings using detonation
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spraying techniques. Investigated their phase composition and microstructures. By modifying the
technological parameters during spraying, we achieved control over the properties of the resulting
gradient coatings. Analysis of the elemental composition via the EDS method revealed that the Ni—
Cr-Al gradient coatings possess a structured gradient, wherein the aluminum concentration
progressively rises from the substrate towards the surface of the coating. The Ni—Cr—Al gradient
coating thereby obtained the presence of phases NiCr with a surface of NiAl that has a high hardness
and wear resistance.

Key words: power plant, protective coating, detonation spraying, Ni-Cr-Al coating, gradient
structure.

Introduction

Presently, various issues such as corrosion, oxidation, high-temperature oxidation, hot
corrosion, and erosion afflict different parts of power plants exposed to elevated temperatures,
potentially leading to their failure and undesirable termination of the installation. This predicament
often stems from the utilization of low-quality fuel in power plants. Low-quality coal, primarily used in
steam turbine installations due to its low cost and widespread availability, is composed of
approximately 50% ash containing nearly 15% abrasive mineral rocks (such as hard quartz),
intensifying the coal's susceptibility to erosion. Moreover, in a bid to mitigate greenhouse gas
emissions, biomass serves as a widely adopted substitute for non-renewable fuels in thermal power
plants. Agricultural waste, wood waste, and other forms of biomass are commonly employed to
generate steam. Consequently, heat transfer surfaces operating on biomass tend to be vulnerable
to corrosion [1].

Superalloys developed for high-temperature applications often struggle to fulfill the dual
requirements of high-temperature strength along with erosion and corrosion resistance
simultaneously. The deleterious effects of hot corrosion result in the degradation of these alloys. The
presence of molten salts in boilers exacerbates the corrosion issue as they react with protective
chromium or aluminum oxides, thereby compromising their protective properties. Aggressive salt
types further subject superalloys to internal oxidation. To address these challenges, one viable
approach involves applying wear-resistant coatings on the surface of superalloys that demonstrate
resistance to oxidation and corrosion. Given these circumstances, the development of protective
systems for safeguarding superalloy surfaces from wear and hot corrosion holds immense economic
significance. Surface engineering emerges as a pivotal player in this domain. NiCrAl coatings serve
as widely utilized thermal barrier coatings (TBCs) crucial for safeguarding components exposed to
high temperatures, oxidation, and hot corrosion. Typically, TBC coatings contain a limited amount of
aluminum, and an insufficient quantity of it stands as the primary cause for the diminished quality of
NiCrAl coatings. Research indicates that the early-stage formation of Al,Oz and Cr,O3 oxides during
high-temperature corrosion, along with the development of mixed Cr,Os—Al.O3 oxide during testing,
amplifies the coatings' resilience against high-temperature corrosion and oxidation. Recently,
substantial attention has shifted towards NiCrAl coatings featuring a gradient structure [2].

Numerous methods exist for obtaining coatings, including thermal spraying, chemical vapor
deposition, and batch cementation. Among these, thermal spraying stands out as a particularly
convenient process capable of effectively addressing challenges related to oxidation, hot corrosion,
and erosion. Within the realm of thermal spraying techniques, detonation spraying technology
emerges as notably efficient, generating coatings with minimal porosity and superior adhesion. This
method yields robust, wear-resistant, and densely structured coatings, establishing itself as the
premier thermal spraying technique. The detonation spraying process achieves peak temperatures
of 4000 °C in the combustion chamber, with shock wave velocities reaching 3500 m/s. It results in
significantly lower porosity compared to high-velocity gas-plasma spraying (HVOF) and plasma
spraying methods [3].

Methods and materials

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.

We carried out detonation spraying using the CCDS2000 setup. The gun barrel is filled with
gases using a high-precision computer-controlled gas distribution system. The process begins by
filling the barrel with a carrier gas. The coatings were sprayed onto 12Kh1MF ferrite-perlite steel
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substrates with 50 mm diameter and 3 mm thickness. We sandblasted the substrates before
spraying in order to increase surface roughness. The feedstock was a mixture of 80 wt % NiCr
powder (Ni20Cr80) and 20 wt % of Al (99.99% purity). Nominal powder particle size ranged between
30 and 45 um. A PULVERISETTE 23 planetary ball mill was used for preliminary powder mixture
activation. The mechanical activation time was 2 h with a frequency of 30 Hz. Table 1 presents the
process parameters used.

Table 1 — Technological parameters for obtaining Ni—Cr—Al gradient coating

Name Ratio O2/C2H2 | Barrel filling volume, % | Spraying distance, mm | Shot number
50% 5
Gradient 40% 5
Ni Cr-Al coating 1,856 30% 250 5
25% 5

Results and discussion
In investigating how the deposition method influences the structure and characteristics of Ni—

Cr-Al coatings, we devised a technique to create gradient coatings. This approach employs a
detonation setup featuring a single dispenser and a composite powder primarily composed of Ni—
Cr-Al; adjustments in technological parameters occur throughout the spraying process. Our
procedure involved a gradual reduction in the barrel filling volume, from 50% to 25%, followed by an
examination of the structure and properties of the resultant gradient coating based on Ni—Cr—Al. The
goal is to generate coatings wherein the aluminum content progressively increased from the
substrate to the surface. We base this on the initial assumption that the formation of the NiAl
intermetallic compound on the surface, at a filling volume of 30%, offers heightened resistance to
wear and corrosion, while the NiCr phase formed closer to the substrate enhances the adhesive
strength of the coating [4]. Figure 1 presents the phase composition of the Ni—-Cr—Al gradient
coatings obtained by detonation spraying method.
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Figure 1 — Diffractograms of Ni-Cr—Al gradient coatings obtained by detonation spraying

SEM images of Ni-Cr-Al gradient coating cross-sections in Figure 2(a) show a microstructure
characterized by an uneven, highly developed relief layer with a thickness of 350 microns. This layer
consisting of elongated particles up to 80 microns in size with a layered structure characteristic of
powders subjected to mechanical activation. The cross-sectional mapping analysis showed (Figure
2(b)) that the coating has a gradient structure. This is especially evident from Al K, which shows the
distribution of aluminum over the coating depth. The aluminum concentration gradually increases
from the substrate to the coating surface.

ISSN 2788-7995 (Print) Becrruk yHusepcurera [lakapuma. Texunueckue nayku Ne 1(13) 2024 349
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024



§ 8 b)

14 AR (g T TN e N g MU ] T P e aetl
Py N N WU gniey Ay

1 VPLESY T P P S P T e v Y S

o 100 200 300 400

Ka1, Chromium Ka1
Electronic images | 200 pm

Figure 2 — SEM cross-section images (a) and element distribution (b) as a function of depth
in the Ni—-Cr—Al gradient coating.

Conclusion

From our investigation, the following conclusions were drawn: The article focuses on tackling
challenges associated with improving the performance attributes of power plant components. The
utilization of detonation spraying method offers advantages in the quest to enhance the operational
features of these parts. A technique was devised to craft gradient coatings relying on Ni—Cr-Al,
utilizing a detonation unit with a single dispenser. This method involves the utilization of a composite
powder based on Ni—Cr—Al. By maodifying the technological parameters during spraying, we achieved
control over the properties of the resulting gradient coatings. Analysis of the elemental composition
via the EDS method revealed that the Ni—Cr—Al gradient coatings possess a structured gradient,
wherein the aluminum concentration progressively rises from the substrate towards the surface of
the coating. The Ni—Cr-Al gradient coating thereby obtained the presence of phases NiCr with a
surface of NiAl that has a high hardness and wear resistance.

This paper was performed within the grant financing of scientific research of the Committee
of Science of the Ministry of Education and Science of the Republic of Kazakhstan. Grant
AP13068364.
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ANEKTP CTAHUUANAPbIHbIH KOMMOHEHTTEPIH KATAUTY NMPOLECIHAE
AETOHAUUANDBIK BYPKY TEXHOJIOTUACBLIH KOJIAAHY

Makanada aHepeemukaribiK KOHObIPFbI KOMIIOHEHMMEPIHIH natidanaHy cunammamarnapbiH
apmmebipyfra balinaHbicmbl Macesiesniep Kapacmbipbiiadbl. Op mypri asmopnapdbiH 3epmmeyrnepi
KepcemkeHdOel, 6yn 6enwekmepdid eHiMOiniaiH xorapblnamyda Keyekmisniai meMeH, ad2e3usinbiK
bepikmiai xorapbl 0emoHauusinbiK 6ypKy adicimeH xabbiHOap anyra bonadbl. CoHOali-aK, Ni-Cr-Al
HeeidiHOeai xabbiHOapdbl mombiryra meaiMmdiniei xofapbl xabbiH pemiHde natlidanaHyObiH
apmbIKWbIbIKMapb! KapacmbipbliibiObl. 3epmmey demoHayusnbiK 6ypKy 80iCiH KordaHa ombipabir,
Ni-Cr-Al Heai3ziHOeai epadueHmmi KypbinibiMObIK xabbiHOapdbl anydbi kammuodbl. OnapdbiH
aszanblK Kypambl MEH MUKPOKYPbIbiMOapbl 3epmmerndi. Bypky Ke3iHO0e mexHOM02usibIK
napamempriepdi e3zepmy apKbinbl 6i3 arbiHFaH epadueHm xabbiHOapbIHbIH KacuemmepiH
bakbinayra kon xemki3lik. EDS adicimern anemeHmmik kypamObl manday Ni—Cr—Al epadueHmmi
JxabbiHOapObiH KYpbirbiMObIK 2padueHmi 6ap eKkeHiH kepcemmi, oHOa ArnoMUHUU KOHUEHMpPayusiChbl
cybcmpammaH xabbiH 6emiHe Kapal 6ipmiHden kemepinedi. Ocbinatiwa, Ni—Cr—Al epadueHmmi
XKabblIHbl XOFapbl KammblirnbiK neH mosyra mesimdinikke ue NiAl, NiCr ¢baszanapbiHbiH my3inyid
Kammamachbi3 emmi.

TyliH ce30ep: 351eKmp cmaHyusiCbl, KopfaHbIC XabbiHbl, demoHayusinbiKk 6ypky, Ni-Cr-Al
)KabblHbI, 2padueHm KypbifibIMbI.
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UCNOJIb30OBAHUE OETOHALIMOHHOIO TEXHOJIOI' MU HAMBLINIEHUSA B NPOLIECCE
YNPOYHEHUA KOMMNOHEHTOB 3JIEKTPOCTAHLUUN

B cmambe paccmampugaromcs npobrieMbl, C8si3aHHbIE C MO8bILEHUEM SKCITyamauuoHHbIX
XapakmepucmuK KOMIOHEHMO8 3Hepaemu4yeckol ycmaHoeKku. WccriedoeaHus, rnpoeedeHHbIe
pasfuyYHbIMU  aemopamu,  oKasbigarom, 4Ymo  fpu  YAyYWeHUU  3KCrayamauyUuOHHbIX
Xxapakmepucmuk amux demarneli 0emoHaUyUuOHHOe HarblieHuUe obecriequgaem pesoCcxXxo0HbIe
pesynbmamsl 6nazodaps HU3KOU Mopucmocmu, 8bICOKOU MPOYHOCMU U KPErKOMY CUEMIeHUI
nosiydaembix rokpbimud. Takxe paccMampueaomcs npeumMmywecmesa Ucrosib308aHusi noKpbimud
Ha ocHoee Ni-Cr-Al ¢ 8biCOKOU cmoUKOCMbIO K OKUCIEHU0. B pamkax uccriedogaHus nposodumcsi
rosny4eHue epadueHmMHbIX CMPYyKMypupo8aHHbIX noKpbimul Ha ocHose Ni-Cr-Al ¢ npumeHeHuem
mMemodos OemoHayUOHHO20 HarbIIEHUs, a makxe u3ydaemcsi ux @basoebili cocmas u
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MUKpocmpykmypa. YI3MeHsisi mexHosio2u4yeckue rnapamempb] 80 8peMs1 HarbleHUs, Mbl 006uUnuch
KOHmMpossi Hal ceolcmeamu rosfydaeMbiXx 2palueHMHbIX MOKpbIMul. AHanu3 3/1eMeHMHOo20
cocmaea ¢ riomouwibto Mmemoda EDS nokasarn, ymo epadueHmHsbie rnokpsimusi Ni—Cr—Al obnadaom
CMPYyKmMypupo8aHHbIM 2padueHmoM, pu KOMOPOM KOHUEeHmpauusi antoMUHUsI MOCmerneHHO
rosbiLuaemcsi om roO/I0XKKU K [108epXHOCMU MOoKpbimusi. Takum obpa3om, epadueHmHoe
nokpbimue Ni—Cr-Al obecniequno Hanu4ue ¢has NiCr ¢ nosepxHocmbero u3 NiAl, obnadarowel
8bICOKOU meepdocmbto U U3HOCOCMOUKOCMAbIO.

Knroueeble cnoea: sHepeemuyeckasl ycmaHo8Ka, 3auUmHoe rokpbimue, 0emoHauuoHHoe
HanbirieHue, Ni-Cr-Al nokpeimue, epadueHmHas cmpykmypa
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