Ilpoepeccusnvle mexnonocuu u cucmemsvl MaWUHOCMpPOEHUs Ne 4 (79) 2022

YK 621.793.71

F. 1. Panteleenko, a member- correspondent. NAN B, Ph. D., Professor,

V. A. Okovity, Ph. D., O. G. Devoino, Ph. D., Professor, A. S. Volodko,

V. A. Sidorov, Ph. D., associate Professor, V. V. Okovity, A. A Litvinko

Belarusian National Technical University, Minsk, Belarus

Tel. / Fax:+375 17 293-95-99; E-mail: niil_svarka@bntu.by

V. M. Astashinsky, a member- correspondent. NAS B, D. Phys. - math. n., prof.

A. V. Lykov Institute of Heat and Mass Transfer of the National Academy of Sciences of
Belarus, Minsk, Belarus

Tel. / Fax: +375 17 284-24-91, E-mail: ast@hmti.ac.by

TECHNOLOGICAL PROPERTIES OF UNDERLAYERS BASED ON NICKEL
M-CROLL IN THE FORMATION OF MULTILAYER COATINGS BY THE
METHODS OF GAS THERMAL SPRAYING

The article considers the effect on technological characteristics (adhesion strength with the base, values
of the stress intensity factor Kic, number of thermal cycles before failure) depending on the type of thermal
spraying and subsequent heat treatment during the formation of multilayer coatings. To deposit underlayers
there were used methods of air plasma spraying (APS), in air with argon protective jet (SAPS), vacuum plasma
spraying (VPS), high-velocity open-flame spraying (HVOF). From the considered methods of NiCrAlY underlay-
ers deposition for HSC better characteristics of destruction viscosity had those ones sprayed in the air (APS),
adhesion strength between the coating and the substrate, heat resistance - vacuum plasma sprayed ones (VPS).
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TEXHOJIOTHYECKUE CBOMCTBA IOJICJIOEB HA OCHOBE HUKEJIEBBIX M-KPOJIEW ITPA
®OPMHUPOBAHUM MHOI'OCJIOMHBIX IMMOKPLITUIA METOJAMHU I'A30BOI'OTEPMUYECKO-
'O HATIBUIEHU S

B cmamve paccmompeno enusihue nHa mexHono2udecKue Xapakmepucmuky (NpoYHOCMb CYenjieHust ¢ OCHOBAHU-
eM, 3HaueHus. Kodghduyuenma unmencusHocmu Hanpsicenuti Kic, konuuecmeo mepmoyuxios 00 paspyuieHus) 6
3a6UCUMOCU O 8UOA MEPMUYECKO20 HANBLICHUS U NOCAEOYIouwel mepmMuieckol 0opabomku npu gopmuposa-
HUU MHO2OCTIOUHBIX ROKpbImMUtl. [Iisi HaneceHnus NoOCI0e8 NPUMEHSIUCH MEMOObl B030VULIHO-NIA3MEHHO20 HANbL-
nenust (APS), 6 6030yxe ¢ apeonoeoti 3awumnot cmpyeti (SAPS), eaxyymmno-niazmennozo nanviienus (VPS),
svicoxockopocmuozo nanviienus (HVOF). Hz paccmompennvix cnoco6os nanecenus noocnoes NiCrAlY ons
HSC ayuwumu xapaxmepucmuxamu eszkocmu obnradaiom cnocodwvl HanviieHus Ha 6030yxe (APS), npounocmu
CYenaeHUst MeHcOy NOKPLMUEM U NOOLONCKOIL, MEPMOCMOUKOCU - 8AKYYMHO-NAa3MeHHn020 Hanvirenus (VPS).
Knwuesvie crosa: noociou na ocrnoge nukenegvix M-kponeil, (hopmuposanue MHO20CIOUHBIX ROKPbIMULL, Memo-
Obl 2A30MEPMUUECKO20 HANBLIEHUS, CBOUCMEA CHOPMUPOBAHHBIX NOKDbLMULL

1. Introduction

Basic function of an underlayer in heat-shield coatings (HSC) is plastic relaxation of
stresses in a coating originating due to uncoordinated volume changes in ceramic and metal
materials when heating and cooling of a part. Taking into account that alloys plasticity disas-
trously reduces due to their high-temperature oxidation and a ceramic layer is permeable for
gases, an underlayer material should possess high heat-shield ability. In HSC for aircraft tur-
bine engine parts reduction of under-layer plasticity due to oxidation is the main factor de-
pending on time, which reduces serviceability of a coating. Moreover, formation of an oxide
layer on the metal-ceramics boundary, which destruction viscosity is significantly lower, than
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of PSZ, are an additional (if not the main) source of cracks formation in a coating [1-3]. Thus,
the problem of adhesion underlayer formation for HSC is reduced to solution of two basic
problems: provision of necessary flexibility of an underlayer within working temperature in-
terval; provision of its heat-resistance. Complex solution of these problems is harder due to a
number of circumstances. First, increase of heat-resistance of alloys based on nickel, cobalt
and iron by increase of concentration of elements, forming protective films (aluminium,
chromium, silicon) are inevitably accompanied with sharp reduction of alloy plasticity. Ne-
cessity of strong optimization of chemical and phase alloy composition and also technology
of underlayer deposition is obvious. Second, optimization like that has no general solution [4].
Certain materials of a substrate and an outer ceramic layer, typical geometrical sizes of a part
and a coating, requirements for service life and reliability of a part make special developments
necessary for characteristic groups of parts or a single one [5,6]. In this paper the authors as-
sessed technological possibilities of thermal spraying methods for formation of HSC metal
underlayers, which are capable of effective work on piston-type parts of internal combustion
engines.

2. Materials and equipment.

For our investigations we were using two types of heat-resistant steels that are used for
production of piston-type parts: 40X10C2M (DH1-107) steel and 20X25H20C2 (D11-283)
steel. As an underlayer material we were using Ni-57% Cr-5% Al-0.5% powder (oxygen con-
centration - 0.05%). For deposition of an outer ceramic layer we were using ZrO,-7%Y 203
(LIN-7). For deposition of ceramics we were using air plasma deposition (APS). To deposit
underlayers there were used methods of air plasma spraying (APS), in air with argon protec-
tive jet (SAPS), vacuum plasma spraying (VPS), high-velocity open-flame spraying (HVOF)
Processes were carried out with the help of «Plasma-Technic AG» equipment. Argon-
hydrogen mixtures were used as plasma-forming gases. During SAPS there were some special
nozzles used [3] for better particles distribution in the jet, which suppressed sublimation pro-
cesses and thermal dissociation of the material under spraying. Structure of the coatings was
investigated with the help of optical metallography methods (optical microscopes «Polyvar»
(Austria) and «Neophot-20 (Germany)). Thermal cyclization of samples with a coating was
carried out according to the following scheme: heating up to 1170 K, holding for 15 minutes,
cooling to the room temperature with compressed air. Adhesion strength between a coating
and a substrate and stresses intensity coefficient were measured with «Instron» tearing ma-
chine with a special device, enabling to get increased precision of the tests.

3. Results and their discussion.

Adhesion strength value between a substrate and an underlayer depends on the types
of the underlayer deposition, spraying modes and the following thermal treatment. of the six
methods under comparison (APS, SAPS, VPS, HVOF) when spraying on a cold substrate the
most high adhesion strength had VPS-deposited coatings (Table 1). Thermal treatment of
coatings at 1100 °C for 2 hours in vacuum for all the underlayer deposition methods increases
adhesion strength of coatings. Thermal treatment changes underlayers structure and increases
uniformity of phases distribution and increase of their thermal stability. At the same time -
phase sizes increase and diffusion of substrate elements into a coating tales place. During
APS and SAPS oxide films significantly dissolve in a metal matrix, but lamination of a struc-
ture does not disappear in full. It was determined that for all the HSC underlayer types quality
of adhesion between metal and ceramics after thermal treatment worsens, value of K4 reduces
(Table 2). At the same time K;. parameter reduces among the methods of APS-SAPS-VPS-
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HVOF underlayer spraying. The last fact is connected with reduction of underlayer surface
roughness during the change from one method to the other in the way as they were just men-
tioned.

Table 1. — Adhesion strength of NiCrAlY coatings

Substrate material Underlayer Thermal treatment Sew, MPa
deposition method in vacuum
BU107/91283 APS | - 24/28
APS 1100 °C, 2 hours 72/90
SAPS | - 36/42
SAPS 1100 °C, 2 hours 81/103
vVpPs | e 76/104
VPS 1100 °C, 2 hours 168/200
HVOF | - 61/87
HVOF 1100 °C, 2 hours 129/156

4. Conclusion

The adhesion strength of the sublayer to the base depends on the method of applying
the sublayer, spraying modes and subsequent heat treatment. Of the compared methods (APS,
SAPS, VPS, HVOF), when sprayed onto a cold base, VPS coatings had the highest strength.
Heat treatment of coatings at 1100K for 2 hours in a vacuum increases the adhesion strength
of the sublayer to the base. Heat treatment changes the structure of the sublayers in the direc-
tion of improving the uniformity of phase distribution and increasing their thermal stability. In
this case, the dimensions of the phase increase somewhat and diffusion of the base elements
into the coating occurs. In APS and SAPS coatings, oxide films are largely dissolved in the
metal matrix, but the layering of the structure is completely eliminated. It has been established
that for all types of HRC sublayers, the quality of metal-ceramic bonding deteriorates as a re-
sult of heat treatment, and the K1c value decreases. Moreover, the K1c parameter decreases in
a number of APS-SAPS-VPS-HVOF sublayer deposition methods. The latter fact is connect-
ed with a decrease in the surface roughness of the sublayer during the transition from method
to method in the specified sequence.

98




Ilpoepeccusnvie mexnonoeuu u cucmemvl MAUUHOCHPOECHUSL No4 (79)°2022

1)

Figure 1. Microstructure of heat-shield coatings of the NiCrAlY-ZrO,-7%Y,03. 400. a), b),
c) - APS; d), e), f) - SAPS; @), h), i) - VPS; j), k), I) - HVOF; a), d), g), j) - coating after depo-
sition; b), e), h), k)- coatings after thermal treatment (1100 °C, 2 hours - vacuum); c), f), i), I)
- coatings after thermal cycling (heating up to 1170 K, holding for 15 minutes, cooling down
to room temperature with compressed air).

Table 2. — Results of changes of Kj. stresses intensity coefficient for HSC-system ZrO,-
7%Y203-NinA|Y

Substrate Method of | Thermal treatment | Kic, MPam ~ | Number of thermal
material underlayer in vacuum cycles before the
deposition coating destruction
DU107/51283 | APS (Fig.1a) 2.7/2.1 129/118
1100 °C, 1.9/1.2 162/154
2 hours (Fig.1b) (Fig. 1c)
- SAPS 2.2/1.8 151/142
(Fig.1d) 1100 °C, 1.7/1.0 193/181
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2 hours (Fig.1le) (Fig.1f)
- VPS (Fig.19) 1.5/0.8 236/220
1100 °C, 1.2/0.6 201/190
2 hours (Fig.1h) (Fig.11)
-- HVOF 1.0/0.7 290/271
(Fig.1j) 1100 °C, 0.8/0.6 264/250
2 hours (Fig.1k) (Fig.1l)
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