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Introduction

The effect of the content of aluminum oxide particles in copper powder on the structure and
strength of adhesion of coatings, obtained by the method of cold gas-dynamic spraying, is in the
focus of attention in this work.

Experiment content. Coating preparation parameters.

The main factors, influencing the particle velocity, are: gas pressure, gas temperature,
feeding speed, spraying particle characteristics and spraying distance, etc. Table 1 displays
experimental parameters for this experiment. Figure 1 shows micro morphology of Al,Oz and
copper powder, mixing according to certain proportion. In this experiment preparation quality of
Al>0O3 content is respectively 5, 10, 15, 20 and 25%, five different ratio, spray in cold spraying
equipment to the substrate surface. This experiment selects the copper, aluminum and steel base
materials, and sandblasting processing. Table 2 shows the hardness of the base (substrate) materials.

Table 1 — Experimental parameters of cold gas-dynamic spraying

Experimental parameter Numerical values
Gas pressure, MPa 0.5-0.8
Gas temperature, °C 300-400
Spray particle size, um 30-40
Send the powder gas compressed air

AlOy

Figure 1 — Micro morphology of Al2Os and copper powder

Table 2 — Substrate type and hardness

Type of the substrate material copper aluminum steel

hardness HV 92.4 84.3 1355
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Coating performance testing. The thickness of the coating

The thickness of the sprayed coating, completely determining the strength of its adhesion to the
substrate, is due to a number of technological parameters: the type of the powder to be sprayed, the
spraying regime, and the number of cycles. In this paper, the influence of the content of aluminum oxide
in the deposited copper powder on the thickness of the formed coating is investigated.
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Figure 2 — Effect of the content of aluminum oxide in the deposited copper powder on the thickness
of the coating, applied to different substrates (copper, aluminum, steel)

The Figure 2 shows, that all kinds of powder are available on copper, aluminum and steel
substrate to achieve a good deposit. With the remaining parameters of the deposition process, the
maximum coating thickness in one pass is achieved with aluminum oxide content in the range of 10
to 20%.

Bonding strength. In all the experiments, a minimum adhesion strength of the coating was
found when the content of aluminum oxide additives in the copper powder was about 15%
(Figure 3). The destruction occurred at the interface between the coating and the substrate, and not
over the coating itself. This shows that the cohesion strength in the coating is large enough, that is,
the grasping of the particles with the copper particles of the matrix takes place.
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Figure 3 — Effect of the content of aluminum oxide in the deposited copper powder on the adhesion
strength of the coating, applied to different substrates (copper, aluminum, steel)

The content of aluminum oxide in the copper coating. During the deposition of the coat-
ing, a certain amount of alumina particles is reflected off the surface of the substrate, which ex-
plains the decrease in the ceramic content in the formed coating. According to the coating interface
microstructure pictures by using ImageJ software can accurately calculate the content of the ceram-
ic phase in the coating (table 3).
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Table 3 — he losses of Al,Ozduring the deposition of the coating

% of Cu in the powder 75 80 85 90 95
Cu substrate 0.21 4.94 10.69 9.73 15.58
Al substrate 2.96 7.45 12.02 15.88 21.15
Fe substrate 1.95 6.11 10.36 17.13 14.61

Relationship of coating thickness and bonding strength. Adhesion strength of the copper
coating, applied to different substrates (copper, aluminum, steel), versus different coating
thicknesses is shown at figure 4.
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The thickness of coatings, mm: 0.20 (a), 0.26 (b) and 0.40 (c)

Figure 5 — Microstructure of a copper coating, applied to an aluminum substrate

The microstructure of coatings of various thicknesses has been studied by SEM
metallographic analysis and is shown in Figure 5. When the coating thickness for 0.20 mm, almost
no pores between coating and substrate. As the thickness of the coating increases, there is a
tendency to increase the porosity.

Conclusions. The cold gas dynamic spray was used to prepare the Al>Os-Cu alloys coating
on Al, Cu and steel substrate with the mixture of pure Al.O3 powder and pure copper powder. The
effect of different contents of ceramics in a powder mixture on properties of the coatings is
analyzed. The results showed that at relatively high substrate hardness, different ratios of ceramics
did not significantly affect the bond strength.
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Al>,O03-Cu coating on Al substrate can get largest thickness when the mixed powder includes
10% Al>O3. Al,O3-Cu coating on Cu substrate can get largest thickness when the mixed-powder
includes 15% Al>Os. Al,O3-Cu coating on steel substrate can get largest thickness when the
mixed-powder includes 25% Al,Os.

Al>,03-Cu coating on Al substrate can get maximum bond strength when the mixed-powder
includes 10% Al>O3. Al2Os-Cu coating on Cu substrate can get maximum bond strength when the
mixed-powder includes 20% Al>Os. Al>O3-Cu coating on steel substrate can get maximum bond
strength when the mixed-powder includes 25% Al2Os.

The more the coating thickness - the lower the bond strength.
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Abstract. Information modeling is one of the leading brunches in designing sphere of
possible building objects. In this article the main advantages of BIM technology while creating
architectural constructions are described.

BIM (Building Information Modeling wiu Building Information Model) — undopmanmon-
HOE MOJICJIMPOBAHUE 3/IaHKsI WK ero HH(opMannonHas Moensb [1].

WudbopmaninoHHOE MOIETUPOBAHUE 3/1aHUSI — OJIMH U3 MOAXO0/I0B K CTPOUTEIHCTBY OOBEKTa,
B IIpOIlEcCe NMPOEKTUPOBAHUS KOTOPOro paccMaTpuBaeTcs Besl nHpopmanus o HEM. COop, akTyanu-
3anusi, JOKyMEHTalbHass (UKcalus U KOMIUIEKCHas 00paboTKa Bcell apXUTEKTYpHOM, KOHCTPYK-
TOPCKOM, TEXHOJIOTHYECKOM, ¥ SKOHOMUYECKONU MH(POPMAITUHU O 37aHUU CO BCEMU €€ 3aBUCUMOCTSI-
MU U B3aUMOJICHICTBUAMHU MTOMOTAIOT PACCMAaTPUBaTh OOBEKT U BCE YTO K HEMY OTHOCHUTCS KaK eu-
Hoe 1ienoe (puc. 1).

Pucynok 1 — MapopmannoHHas MoJeNb 37aHNs B IIPEATONIaraeMoi OKpysKarolien cpeze

3D Momens 000ro CTPOUTEIIBHOTO 00BhEKTa HEPA3PHIBHO CBs3aHa ¢ HH(POpPMAIIMOHHONW Oa-
301 JTaHHBIX, B KOTOPOH MOKHO IPUCBOMUTH KAXKJIOMY 3JIEMEHTY MOJEJIN JONOJHUTEIBHBIE CBOM-
cTBa M arpuOyThl. OCOOEHHOCTHIO MH(POPMAIIMOHHOTO MOJEIUPOBAHUS SIBISIETCA TO, YTO CTPOH-
TEJIbHOE COOpYKEHHE MO (haKTy MPOSKTHUPYETCS KaK eIWHBI 00bEKT, a N3MEHEHHE OJJHOTO M3 Ia-
pamMeTpoB MOKET IOBJIEYb 3a COOON aBTOMAaTHYECKOE MPeoO0pa3oBaHUe OCTAIbHBIX KOMIIOHEHTOB,
KOTOpBIE C HUM CBSI3aHBI.

Okcmyarauus BIM TexHomoruii mpenocraBisieT OrpOMHOE KOJIMYECTBO BO3MOYKHOCTEM
JUIs paboOThl ¢ OOBEKTOM Ha KaXJOM JSTale €ro CO3JAaHus — HauuHas OT pa3pabdOTKU MpOEKTa
Y 3aKaH4MBas JaJbHEHIIEeH ero sKCIulyaTalen nocie Toro, Kak CTpOMTENbCTBO OYET 3aBEPILEHO.

46


mailto:white.elizabeth.4344@gmail.com



