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STUDY OF LOW PRESSURE COLD SPRAYED AL+AL203+ZN
COATINGS AND THE INFLUENCE OF THE SPRAYING PARAMETERS
IN COATING PROPERTIES

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 bond-
ing 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 resul-
tant 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 A1203 [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 addi-
tion of ceramic particles give results on better coatings adhesion and better density; for this rea-
son it is acceptable to say, that the ceramics addition to the metallic matrix in the LPCS process
acts as a reinforcement for the MMC (Metal Matrix Composite) [6].

The aim of this study was to characterize the mechanical properties of Al+Al203+Zn
coatings in order to get more information about their adhesion strength and micro-
hardness dependent on their spraying temperature.

1. Experimental Procedures

In this investigation a A-20-11 (60%wt.%Al+15wt.%A1203+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. Alumi-
num 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 Noz-
zle 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 Micro-
scope (SEM). 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 (HCl) in
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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 stagna-
tion temperature. Micro-Hardness tests were also performed under the ASTM E92 Standard
(Standard Test Method for Vickers Hardness of Metallic Materials).
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Fig. 1 - Morphology of powder A-20-11 Powder in a blend
of 60%wt.%Al+15wt.%A1203+25wt.%Zn provided by OCPS

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 stagna-
tion temperature. Micro-Hardness tests were also performed under the ASTM E92 Standard
(Standard Test Method for Vickers Hardness of Metallic Materials).

2.1 Bond Strength

The ASTM C 633 standard for Adhesion or Cohesion Strength of Thermal Spray coatings
[8] studies the adhesion strength for coatings sprayed at different stagnation temperatures. The A-
20-11 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
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ED-20, which was curated in 12 hours at ambient temperature. Fig. 4.1 shows an image of a ten-
sile specimen allocated into a self-aligning device before the tensile strength test operation.

Tensile strength was applied for each of the specimens with five runs for each stagnation
temperature and material configuration. Fig. 3 shows the results of the adhesion strength study.
The adhesion strength for A-20-11 coatings decreases when increasing the stagnation temperature
presenting a cohesive failure mode in all the cases.
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Fig. 2 — Adhesion test results for A-20-11 coatings sprayed at different stagnation tem-
peratures

2.2 Micro-Hardness

The micro-hardness for coatings sprayed at different stagnation temperatures is stud-
ied under the ASTM E92 Standard (Standard Test Method for Vickers Hardness of Metallic Ma-
terials) [9]. The A-20-11 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. 4 shows the results for micro-hardness readings.
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Fig. 3 — Results of micro-hardness readings.

166 Mexanixa ma mawunobyoysanns, 2014, Ne 1



Texnonoeis MGWMH06VOVGGHH/Q

Conclusion In this work, the characterization of Low Pressure Cold Sprayed coatings at
several stagnation temperatures was presented. The A-20-11 aluminum 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 coat-
ings were applied onto Aluminum 2024 substrate specimens. The standard ASTM C 633 was
used in order to determine the bond strength of coatings sprayed at the different stagnation tem-
peratures; The adhesion strength for A-20-11 coatings decreases when increasing the stagnation
temperature presenting a cohesive failure mode in all the cases. The ASTM E92 Standard was
applied in order to determine the micro hardness of coatings; A-20-11 coatings presented a de-
crease in micro hardness when spraying it at higher stagnation temperatures. The decrease in mi-
cro hardness when spraying the material at higher stagnation temperatures can be attributed to
erosion of the particles because the higher temperatures after impacting the substrate. Further
research is recommended in order to determine the yield adhesion strength of A-20-11 coatings.
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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 DelLaval 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 MMC (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 aAl+Al203+Zn
powder blend. The coatings are submitted to analyses using a SEM microscope, Micro-Hardness
testing and Adhesion-Cohesion measurements.

Kananec O., 3onbdarapi M.P., Mapkosuu C.€., lonmaros A.lL
JOCJJITKEHHSA MOKPUTTIB AL + AL,0; + ZN, HAHECEHUX XOJIOJHUM
HAIMWJIEHHSAM HU3BKOI'O TUCKY, TA BIIJIUB TAPAMETPIB HAITUJIEHHS
HA BJIACTHUBOCTI IOKPUTTIB

Xononne HanmineHHS HU3bKkoro THCKy (LPCS) - me merox TepMiyHOrO HAmMIEHHS IS
HAHECEHHs MOKPHUTTIB 3 BUCOKOK MIUTBHICTIO HA PI3HOMaHITHI moBepxHi. OCHOBHIUMH 0COOIHBO-
ctsimu LPCS € Te, 110 U1 MpUCKOPEHHS MOPOIIKOBUX MaTepialiB uepe3 corio JlaBayis BUKOPHC-
TOBYETHCS TIOBITPS 3 MAaKCUMAJILHOIO poOouoro TemriepaTyporo 630 © C B miana3oHi TUCKIB Big 5
1o 9 arm. [lopormku, mo BukopuctoBytothbest B LPCS - 1e, sik nmpaBuiio, METaJIOKOMITO3UTHI CY-
MiIIl, 3 BUKOPUCTAHHSIM B OCHOBHOMY aJIFOMOOKHCIB B SIKOCTI KE€paMiuyHOT YaCTUHU CKiamy. Me-
TOIO JJAHOTO JIOCJI/DKEHHS € BUBYCHHSI BIUIMBY CTarHallii TeMIIEpaTypy HAMTWJICHHS Ha BIACTHBO-
CTl MOKPHUTTIB, HAHECEHUX 3 BUKOPHCTAHHSIM YCTAaHOBKHU XOJIOJHOTO HAMMMJICHHS HU3bKOTO THUCKY
JIUMET 405 i mopomkoBoi cymimri Al + Al 03 + Zn. AHani3 TOKPUTTIB BUKOHAHO 32 JOIIOMOTOIO
mikpockomna SEM, BUnpoOyBaHb MiKpOTBEPIOCTI i BUMIPIOBaHb a/re3ii-koresii.

Kananec O., 3onbdarapu M.P., Mapkosuu C.E., fonmmatos A.U.

HCCJIEJOBAHUE NOKPBITHM AL + AL,0; + ZN, HAHECEHHBIX
XOJOJAHBIM HANIBIVIEHUEM HU3KOI'O JABJIEHUSA, U BJIUSAHUE
IMAPAMETPOB HATIBLJIEHUSI HA CBOMCTBA MOKPHITHIA

Xononnoe HanbuieHne Hu3koro nasieHus (LPCS) — 3To MeTon TepMHUYecKOro Harblie-
HUS JJI1 HAHECEHUs! MOKPBITUI C BBICOKOM MIOTHOCTHIO HA Pa3IMYHble NOBEPXHOCTH. OCHOBHBI-
mMu ocobenHoctsiMu LPCS siBnsieTcss To, 4TO Al YCKOPEHHUsI MOPOIIKOBBIX MaTEpPHAJIOB 4yepes3
corio JlaBaist uCnonb3yeTcst BO3AYX ¢ MaKCHUMalbHOU padoueil Temmneparypoit 630 °C B auamna-
30He gaBieHuit oT 5 1o 9 atm. [lopouiku, ucnons3zyembie B LPCS - 310, Kak npaBuiio, MeTauio-
KOMIIO3UTHBIE CMECH, C HCIIOJIb30BAHUEM B OCHOBHOM AJFOMOOKCH/IOB B KAU€CTBE KEpaMHUECKOI
yacTu cocraBa. Llenbio JaHHOTO MccieloBaHusl SBIISIETCS U3yYeHHUE BIIMSHHS CTarHallUU TeMIle-
paTypbl HallblJICHHs] HA CBOMCTBA MOKPBITUH, HAHECEHHBIX C UCIOJIB30BAHUEM YCTAaHOBKHU XOJIO/-
HoTO HambuleHHUS HU3Koro nasieHus JJMMET 405 u nmopomkoBoit cmecu Al + Al,03 + Zn. Ana-
JIU3 TIOKPBITUI BBIMOJIHEH C MOMOIIBIO MUKpockona SEM, ucnbsiTaHuii MUKPOTBEPAOCTU U U3MeE-
pEHUl aAre3un-Kore3uH.
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