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STUDY OF THE MECHANICAL PROPERTIES OF NI+AL,0O3;+ZN COATINGS
PRODUCED BY THE LOW PRESSURE COLD SPRAY TECHNOLOGY

Low Pressure Cold Spraying (LPCS) is a thermal spraying technique for applying high-density coatings on almost
any surface. The main features of the LPCS is that Air is used for the powder materials acceleration through a DeLaval Nozzle
with a maximum operation temperature of 630 °C in a pressure range of 5 to 9 atm. The powders used in LPCS are usually
metal matrix composite blends using Alumina very often as the Ceramic part of the composition. The aim of this study is to
investigate the effect of the stagnation spraying temperature on the coating properties produced with the Dymet 405 Low
Pressure Cold Spraying system and a Ni+Al203+Zn powder blend. The coatings are submitted to analyses using a SEM
microscope and Metallographic techniques, Micro-Hardness testing and Adhesion-Cohesion measurements.
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BUBUEHHS MEXAHIYHHX BJJACTABOCTEM MMOKPUTTS NI+AL,05+ZN
OTPUMAHOI'O TEXHOJIOI'TEIO XOJIOJHOTI'O HAIIMJIEHHSA HU3bKOI'O TUCKY

Xos00He HanuseHHs1 HU3bko2o mucky (XHHT) - ye mexHo/102is1 0151 HAHECEHHS] NOKpUMmMmie 3 8UCOKOK WibHicmMIo Ha 6ydb-siKi
noeepxui. OcHoeHumu ocobaueocmamu XHHT € me, wonosimps 04 npuckopeHHs nopoulkosux mamepianie uepes conso Jlasaas
BUKOPUCMOBYEMBCS 3 MAKCUMA/ILHOI0 po6o4oto memnepamyporo 630 ° C e dianazoni muckie 8id 5 do 9 amm. [lopowku, Bukopucmogyeati 8
XHHT, six npasuso, Memasie8i Mampuy4Hi KOMNo3umucy Miwi 3 4acmum 8UKOPUCMAHHAM 2AUHO3eMy 8 sKocmi kepamiuHoi ckaadosoi
Komno3umy. Memow 0aHo20 0ocAiOxiceHHs € 8UBYEHHS 6n/augy cmazHayii memnepamypu po3nu/eHHs HA e/nacmueocmi nokpummi
80MPUMAHUX HA cucmeMi X0/00H020 HanuJjeHHs HU3bkozo mucky JAUMET 405 i nopowkosoi cymiwi Ni + Al:03 + Zn. [Ipedcmasaenutl
aHasiz nokpummsi 3a donomozor Mikpockona SEM i memanoepagivnozo memody, mecmysaHHsi Mikpo-meepdocmi i eumipy adze3uoHHo-
K02e3UOHHOU MiyHOCMI.

Karouosi cnosa: mexHo02ist X04100H020 Hanu/aeHHs, yucao Maxa, adze3siliHo-koze3iliHamiyHicmb, Mikpo-meepdicmb.

1. Introduction

The cold spraying technique was developed in the Soviet Union in the 80's. Mainly, the process is
characterized from other Thermal Spraying coating techniques from the use of much more lower operative pressures
and significantly lower process temperatures. The coatings are formed when powder materials are accelerated to
supersonic velocities by the use of a convergent-divergent nozzle to consequently be impacted on a substrate; the
bonding phenomena has been a controversial point of discussion, but there is an agreement on that bonding is due a
high degree of plastic deformation on non melted particles during their impact [1].

The Low Pressure Cold Spraying Technology (LPCS) is characterized for using air as the accelerated fluid
with inlet pressures from 5 to 9 atm and a top temperature that reaches the 630 Celsius. The acceleration of the
particles through the diverging gas-stream is due the resultant drag force applied to their surfaces; this approach
converge in the idea that not only the gas velocity is the responsible for particles acceleration, but the density of the
gas as well which is dependent on the Mach number of the accelerated stream [2]. In LPCS a wide range of powder
materials (i.e. Cu, Al, Ni, Zn) can be co-sprayed with ceramic particles as Al,Os3 [3]. The main reasons for using
ceramic particles are: to propagate the surface activation while spraying and to clean the nozzle while metallic
particles are hammered and better deformed in the process in comparison of spraying them without ceramics;
different studies [3-5] have shown that the addition of ceramic particles give results on better coatings adhesion and
better density; for this reason it is acceptable to say, that the ceramics addition to the metallic matrix in the LPCS
process acts as a reinforcement for the metal matrix composite (MMC) [6].

The aim of this study was to characterize the micro-structure and mechanical properties of Ni+A;,0;+Zn
coatings in order to get more information about their adhesion strength and micro-hardness dependent on their
spraying temperature.

2. State of the art (literature review)

The characterization of thermal spraying coatings requires tests in order to determine their mechanical
properties as: micro-hardness, adhesion strength, corrosion, etc. The major emphasis between the coatings properties
in surface science is for the tensile adhesion strength because it is usually a design requirement for most coating
materials [7]. The coating properties are generally influenced by the process parameters as Temperature, Pressure,
feedstock characteristics, etc. In order to determine the degree of adhesion (bonding strength) of coatings normal to
a substrate an Adhesion or Cohesion test is used is performed. The adhesion testing methods are very controversial
between the scientific community due the large variance between laboratory to laboratory [7-8]. The main reasons
for this variances is attributed to: Bending moments during the effect of normal tensile forces, adhesive penetration
into the coatings porosity, usually adhesion values depend on the coatings thickness, residual stresses could be
distributed not evenly, machine vibration, difference in loading rates, non uniformity of coating surfaces, etc.
Between the available methods for determining the adhesion strength in Thermal Spray coatings the ASTM C 633
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standard is one of the most used. Different authors have reported various adhesion strength ranges and behaviors for
Low Pressure Cold Sprayed coatings. A. Kuznetsov for example [9], have found a decrease in adhesion strength
while incrementing the stagnation temperature of LPCS Al+Al203+Zn coatings. In [10-11] is discussed the
adhesion strength as a function of the substrate material. In [10] adhesion strength measurements for coatings
created with powders of Ni + AI203 with values of ~14 MPa for the coatings sprayed using air as carrier gas and
stainless steel for the substrate and values of ~20 MPa for those coatings applied on Nickel alloy substrates.
Hardness measurement of Thermal Sprayed Coatings is considered an easy and well standardized practice for this
materials [7]. Other than adhesion strength characterization, hardness measurement is a measurement method that
usually gives the same alike results within laboratories. The Vickers standard test is considered a standard micro-
hardness measurement standard for thermal sprayed coatings. It is known that the Vickers hardness measurements
vary depending on the metallographic preparation of the specimens. In order to get better readings, multiple
measures are taken and averaged. As there is not a clear dependence between the coating properties and the low
pressure cold spraying process parameters it is important to further develop scientific bases that address this aspect.

3. Objective of the research work

The objective of the present research work is to characterize coatings produced with the DYMET 405 Low
pressure cold spraying equipment at different process stagnation temperatures (424 °C, 526 °C and 632 °C) for the
powder N7-00-14 obtained from the Obnisk Center for Powder Spraying (OCPS) in order to better understand the
effect of the process stagnation temperature on the coating properties. For the development of the proposed
objective the following tasks were set:

1. N7-00-14 coatings deposition using the DYMET 405 low pressure cold spraying equipment at the
stagnation temperatures 424 °C, 526 °C and 632 °C.

2. Metallographic preparation of the produced coatings.

3. Characterization of the produced coatings.

4. Experimental Procedures

In this investigation a N7-00-14 (65%wt.%Ni + 10wt.%A1,0; + 25wt.% Zn) commercial powder (Fig. 1)
from Obnisk Center for Powder Spraying (OCPS) was sprayed with a DYMET 405 Cold Spraying equipment
available at the National Aerospace University of Ukraine. Aluminum 2024 substrates with a diameter of 24.7 mm
for Adhesions tests and 50 x 30 mm substrates for metallographic studies were prepared for spraying with sanding
paper P360. The SK-20 Nozzle with an Exit Diameter of 4.9 mm was used to accelerate the powder within three
different stagnation temperatures - 424 °C, 526 °C and 632 °C. Five different specimens sets were prepared in order
to spray them at different stagnation temperatures. The Coatings were characterized using a SELMI REM-106
Scanning Electron Microscope (SEM).

Fig.1. Morphology of powder N7-00-14 Powder in a blend of 65%wt.%Ni+10wt.% AL, O;+25wt.%Zn provided by OCPS

The ASTM E3-01 for Preparation of Metallographic Specimens was followed for the substrates of this
study; the specimens were etched using dilute hydrochloric acid (HCI) in order to better distinguish the borders of
the deformed particles. The Deposition Efficiency was measured for each Stagnation Temperature under the
standard ISO 17836-2004.

Mechanical testing was performed on the coatings in order to determine their adhesive-cohesive strength
and micro-harnesses. A tensile strength machine was used in order to determine the Adhesive-Cohesive strength of
the coatings according to the ASTM 633 Standard; four tests per coating were performed to determine the average
adhesive-cohesive strength at every stagnation temperature. Micro-Hardness tests were also performed under the
ASTM E92 Standard (Standard Test Method for Vickers Hardness of Metallic Materials).

4.1 Metallographic analysis of Coatings
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The LPCS coatings were prepared for metallographic analysis under the ASTM E3-01 standard to
consequently be observed in a SEM Microscope. Fig. 2 Shows the SEM images at the 200x Amplification for
specimens sprayed at 424 C (a), 526 C (b) and 632 C (c). In the microstructure the black particles are non-deformed
Alumina particles that were impregnated into the coating.

<)

WD=12.5mm J.00KV  x200 200pm  WD=12.2mm 000KV x200 200pm  WD=12.1mm J0.00KV  x200 200m

Fig.2. SEM images at the 200x Amplification for specimens sprayed at 424 C (a), 526 C (b) and 632 C (c). In the microstructure the black
particles are non-deformed Alumina particles that were impregnated into the coating

The thickness of the N7-00-14 coatings was 200 microns. From visual inspection the coatings to
be dense without any noticeable porosity. It is not possible to recognize the powder particle boundaries in the
microstructure, for this reason it is etched with dilute hydrochloric acid (HCl). The flattened shaped particles,
indicates a high degree of deformation. Despite the high density of the coatings, some open boundaries can be
detected near the coating surface and some oxidized boundaries can be spotted within the coating structure. The
oxidation layers can be attributed to the electrolytic feedstock powder production method; this is common for
dendritic powders which because their morphology, have larger surface area than spherical particles produced by the
atomized method. The Air used as operating gas can cause another oxidation source. Black particles within the
coatings structure are the Al,O; part of the powder blend.

4.2 Mechanical Properties of Coatings
Mechanical testing was performed on the coatings in order to determine their adhesive-cohesive strength
and micro-harnesses. A tensile strength machine was used in order to determine the Adhesive-Cohesive strength of
the coatings according to the ASTM 633 Standard; four tests per coating were performed to determine the average
adhesive-cohesive strength at every stagnation temperature. Micro-Hardness tests were also performed under the
ASTM E92 Standard (Standard Test Method for Vickers Hardness of Metallic Materials).

4.2.1 Bond Strength

The ASTM C 633 standard for Adhesion or Cohesion Strength of Thermal Spray coatings studies the
adhesion strength for coatings sprayed at different stagnation temperatures. The N7-00-14 powder blend was
sprayed at different spraying stagnation temperatures - 424 °C, 526 °C and 632 °C - with a constant stagnation
pressure of 0.8 MPa with the DYMET 405 Low Pressure Cold Spraying equipment.

Under the ASTM C 633 specifications 5 testing samples for each stagnation temperature were studied.
Epoxy ED-20 was selected for this study and tested for its maximum adhesive strength presenting 22 MPa (SD 3) of
adhesive bonding strength. Test samples were prepared for the spraying operation with sanding paper P360.
Coatings of ~350um were evenly applied on the test sample. Tensile specimens were assembled as specified in
ASTM C 633 using the Epoxy ED-20, which was curated in 12 hours at ambient temperature.

Tensile strength was applied for each of the specimens with five runs for each stagnation temperature and
material configuration. Table 1 shows the results of the adhesion strength study. The results show that the adhesion
strength of N7-00-14 are above 22 MPa for all the stagnation temperatures.

Table 1
Results of the adhesion strength study.
Stagnation Temperature 424 °C 536 °'C 632 °C
Bond Strength > 22 MPa | Epoxy > 22 MPa | Epoxy > 22 MPa | Epoxy

4.2.2 Micro-Hardness

The micro-hardness for coatings sprayed at different stagnation temperatures is studied under the ASTM
E92 Standard (Standard Test Method for Vickers Hardness of Metallic Materials).

The N7-00-14 powder blend was sprayed at different spraying stagnation temperatures - 424 °C, 526 °C
and 632 °C - with a constant stagnation pressure of 0.8 MPa with the DYMET 405 Low Pressure Cold Spraying
equipment. The Vickers hardness was determined using a load of 50gr. for all the samples. Fig. 3 shows the results
for micro-hardness readings.
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Fig.3. Results of micro-hardness readings

5. Results discussion

The results obtained after the characterization of coatings produced with the N7-00-14 Nickel based
powder show a clear increase on micro-harness while increasing the process stagnation temperature. Since the
maximal adhesion strength of the epoxy ED-20 used during the coatings adhesion strength characterization has a
magnitude of 22MPa (SD 3) a clear effect of the stagnation temperature on the coatings adhesion to the substrate
cannot be determined. The metallographic analysis have shown a good coatings density for every studied stagnation
temperature. Further research is recommended in order to determine the yield adhesion strength of N7-00-14
coatings.

6. Conclusion

In this work, the characterization of Low Pressure Cold Sprayed coatings at several stagnation temperatures
was presented. The N7-00-14 nickel based material powder MMC blend was sprayed at different stagnation
temperatures - 424 °C, 526 °C and 632 °C - and a constant stagnation pressure of 0.8 MPa using the Dymet 405 Cold
Spraying system. The coatings were applied onto Aluminum 2024 substrate specimens. The ASTM E3-01 standard
was applied in order to prepare the specimens for metallographic study; the study revealed an increase on strain
when the powder material was sprayed at higher stagnation temperatures. The standard ASTM C 633 was used in
order to determine the bond strength of coatings sprayed at the different stagnation temperatures; the adhesion
strength of the coatings was higher than the adhesion strength of the epoxy while presenting adhesive failure at the
epoxy zone in all the cases. The ASTM E92 Standard was applied in order to determine the micro hardness of
coatings; N7-00-14 coatings presented an increase in micro hardness when spraying it at higher stagnation
temperatures. The increase on micro-hardness when spraying the material at higher stagnation temperatures can be
attributed to the work hardening on the particles during deformation after impacting the substrate.
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Opnecckast HanmoHanbHas akagemus csizu uM. A.C. TToroBa

OINEHKA KAYECTBA CETOYHBIX TPEXMEPHBIX OBBEKTOB
ITPU PA3JIMYHBIX CKOPOCTAX IUPPOBOI'O IOTOKA

B pa6ome paccmampueaemcs CKOpocmb nepedavu  peasbHbIX MPEXMEpPHbIX CeMOYHbIX 066eKmoas.
AHanusupyromes ckopocmu nepedauu 0451 dgyx cmaHOapmog duckpemu3ayuu 8 pasHuIX Yugposwbix nomokax. bbiio
NOKA3aHO, KaK npou3gecmu NpoeKyur MmpexmepHo20 06sekmda Ha dgymepHoe npocmpaHcmeo. IlosyveHbvt 3agucumocmu
KAHA/bHOU emKocmu om ckKopocmu nepedavu Yug@dposozo nomoka cyeHol U3 08yX 00BeKmos 05 cmpykmyp
duckpemu3sayuu 4:4:4 u 4:2:2. HailideHbl annpokcumupyrwue yHKYuu KaHaAbHOU 3a8ucumocmu 8 gude cniaiiHos.

Katouesbie cnosa. CemouHble 066eKmbl, CKopocmb nepedayu, Yugposoti NOmokK, mpexmepHoe NpocmpaHcmao.

E.V. OSHAROVSKAYA, N.A. PATLAENKO, V.I. SOLODKA

0.S. Popov’s Odessa national academy of telecommunications

QUALITY ASSESSMENT THREE-DIMENSIONAL MESH OBJECTS AT DIFFERENT SPEEDS OF DIGITAL
STREAMS

Abstract - The paper deals with the transmission rate of real three-dimensional mesh objects. We have aanalyzed the transmission
rate for two sampled structures in different digital streams. It was shown how to make a projection of a three-dimensional object on a two-
dimensional space. The paper deals with the transmission rate of real three-dimensional meshes. We have aanalyzed the transmission rate
for sampling structures 4: 4: 4 or 4: 2: 2. and bit rate of the studied objects. It was shown how to make a projection of a three-dimensional
object on a two-dimensional space. The dependences of channel capacity from a digital stream have been received and approximated by
spleens for a scene of two objects

Keywords: Meshes, the transmission rate, the digital stream, the three-dimensional space.

IlocTanoBka 3agaun
g uccnenoBaHus CKOPOCTH Mepefaydl BHIOPAHHBIX TPEXMEPHBIX OOBEKTOB MCIONB3YEM JIBE CTPYKTYPHI
nuckperuzanuu 4:2:2 u 4:4:4. CkopocTh nepenadn uisi BRIOpaHHbIX cTpYKTYp 4:2:2 (1) u 4:4:4 (2), 1 npu pa3HbIX
napameTpax UCCIeIyeMbIX 00bEKTOB, BRINJISIAT CACIYOIUM oopa3oM [1, 2]:

Vp=R*2*W*H*F (1)
V,=R*3*W*H*F Q)
rae ¥V, — ckopocTb nepejjaua JaHHBIX 00beKTa, OUT/C;

W wn H — mupuHa 1 BbICOTA KaJpa B UKCEIAX;
R — pa3psaHOCTB I KaXXI0H KOMIIOHEHTEI, OWT;
F — xanmpoBas yactoTa, Kaapos/c.

IIpoenupoBanmne TpexMepHbIX 00bEKTOB HAa AByMepHbIii TB pacTp
Tak Kak MBI HCCIIEAyeM TpexXMepHBIE OOBEKTH, TO HaM HEOOXOIUMO TMEPEeUTH W3 TPEXMEPHOTO
MIPOCTPAHCTBA B IByMepHOe. KoopauHATH B IByMEPHOM IPOCTPAHCTBE UMEIOT CIICTYFOIIIA BHI;

Xe=x+kyxz, 3)
YC:y+ky><z’ 4)
rme X.u Y.— KOOpuHaThI Ha INIOCKOCTH;

X, ¥, Z — KOOpJMHATH B TPEXMEPHOM IIPOCTPAHCTBE;

ky, k, —k0>QdHUIMEHTBI IPOEKLMH TITyOUHBI, KOTOPEIE OEpYTCS 1O MOAYJIIO U HE NPEBBIIAIOT 3HAYECHUS
enuHuLpl. Koadduiments: npuaumaem paBabivu 0,5.

[Ipu mepexolie U3 TPEXMEPHOI'O MPOCTPAHCTBA B JBYMEPHOE HAJ0 y4YeCTh TOT (DAKT, YTO HMCIOJB3YETCs
JeIUMalsl KOOPAWHAT W KIWIIKHT BEPUIMH 00bEKTa. JTO IMO3BOJISIET BOCCTAHABIMBATH OOBEKT B JIBYMEPHOM
MPOCTPAHCTBE C BBICOKOW 4eTKOCThIO [3]. COOTBETCTBEHHO, INMPHUHY M BBICOTY KaJapa HCCIEAYeMOro OOBEKTa
paccuutaeM 1o Gopmynam (5) u (6) cieayronmmM o0pazom:

W= Xmax - Xmin: (5)
H= Ymax' Ymim (6)
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