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Article history: Today, cold gas dynamic spray (CGDS) technology has thrived with considerable capabilities for manufac-
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years and that have led to produce ample experimental data which is available in the literature. But,
recent research and development activities also reveal innovative findings regarding various deposition
conditions. This paper contains a review of experimental deposition procedures for the cold spray addi-
tive manufacturing. Details of processing conditions are reported and classified into various categories

Ié?{g:;gj;mg of baseline working conditions, specific processing including deposition of nanotechnological compo-
Processing conditions nents, composites-based structures and hybrid coating with substrate deposition. Available substrate
Advanced materials treatments and their contributions on the deposition capability were also included. A large collection of
Experimental database experimental data from the literature is addressed.

© 2017 Elsevier B.V. All rights reserved.

Contents

1. Introduction: developments and capabilities of CGDS technology
2. Characteristics of the CGDS ProCessS........vuuuuiineeeeeeeeeennnnns
2.1.  Process behaviour and main working parameters
2.2. In-flight characteristics of the particles................
2.3.  Parameter requirements fOr an adiesion .. ..........i oottt e
3. The baseline working conditions used in cold spraying method .............uiiiuiiitiiiir et ee e eaeeaaans
3.1.  Usual conditions for the propellant gas
3.2.  Typical size of the COId SPIay PATTICIES .. ... ...ttt ettt ittt ettt e e e ettt e ettt e et ee e e et e e e e e e e e e ee e e aee e e aaeeennaaenas
4.  CGDS manufacturing of advanced coatings
41. Composite-based deposits................
4.2. Nanotechnological deposits .............
4.3. Hybrid coating/subStrate dePOSItION ... ... ...ttt ettt ettt ittt ettt e e e et e et e et e e e e et
5. Substrate treatment and itS CONTIIDULIONS . ... ... e et ittt ettt ettt ettt e e et ettt ettt e e e e e eeeeeannns
5.1.  Effects of surface roughening on the adhesive behaviour...
5.2. Effects of substrate heating on the adhesive behaviour...
5.3. Effects of surface texturing on the adhesive behaviour...
6. Prospective improvements based 0N the POWAeT fEatUIES .. ... ... ittt ittt ettt et e e et e e e et ee e et ee et ee e eiaeeeaaaaaes
6.1.  Effect of temperature Of the POWAET .. ... oottt ittt et e ettt e et e e et e e e et e e et e e et ee e e ae e e eaaaeeeanaaeeennnns
6.2.  Effect of MOrphology Of the POWAET . . ... ..oiu ittt ittt ittt ettt et ettt e e ettt e e e et e e et ee e et ia e e e taa e e iaeeannnaaees

* Corresponding author.
E-mail address: rija-nirina.raoelison@utbm.fr (R.N. Raoelison).

http://dx.doi.org/10.1016/j.addma.2017.07.001
2214-8604/© 2017 Elsevier B.V. All rights reserved.


dx.doi.org/10.1016/j.addma.2017.07.001
http://www.sciencedirect.com/science/journal/22148604
http://www.elsevier.com/locate/addma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.addma.2017.07.001&domain=pdf
mailto:rija-nirina.raoelison@utbm.fr
dx.doi.org/10.1016/j.addma.2017.07.001

R.N. Raoelison et al. / Additive Manufacturing 19 (2018) 134-159 135

6.3. Effect of the inner architecture Of the POWA T . ... ... it ittt it ittt ettt ettt ettt it e e iie e iaeeeaas 153
N o) Vel LEE ) § I U U 0T ) 0 LY 153
] 1) W) Lol 13 154
Nomenclature
CNT Carbon nanotube
Latin script symbols CTE Coefficient of thermal expansion
a,b Dimensionless number (—) DBC Direct bonded copper
dp Particle diameter (m) DSSC  Dye sensitive solar cell
A Radial cross section of the nozzle (m?) FTO Fluorine doped tin oxide
Ae Radial cross section of the nozzle outlet (m?) DE Deposition efficiency
A; Radial cross section of the nozzle inlet (m?) GFRC  Glass fibre reinforced composite
A Radial cross section of the nozzle throat (m?2) HA Hydroxyapatite
r Nozzle radius along the nozzle axis (m) HDPE  High-Density polyethylene
re Radius of nozzle exit (m) HRTEM High resolution transmission electron microscopy
Ithroar  Radius of nozzle throat (m) ITO Indium tin oxide
dihroat  Diameter of nozzle throat (m) LPCS  Low pressure cold spraying
z Coordinate of nozzle axis (m) LZT Lead zirconate titanate
C Drag coefficient of particle (-) MMC  Metal matrix composite
Cp Specific heat (Jkg=! K~1) MWCNT Multiwall carbon NanoTube
Laiv Length of nozzle supersonic part (—) ND NanoDiamond
M Mach number (-) NPDS  NanoParticle deposition system
P Gas pressure along the nozzle axis (Pa) PA Polyamide
Po Input stagnation pressure of the propellant gas (Pa) PC Polycarbonate
Pr Prandtl number () PEEK Polyetheretherketone
Q Flow rate of particles (kgs™1) PEG Polyethylene glycol
Rs Specific gas constant (Jkg=1 K1) PES Polyether sulfone
Ra Roughness (m) PET Polyethylene terephthalate
Re Reynolds number (-) PVDF  Polyvinylidene fluoride
Reyo Reynolds number of particle for p=pg () PMC Polymer matrix composite
SoD Standoff distance (distance nozzle exit — substrate) PP Polypropylene ; PPA, polyphthalamide
(m) PPSU  Polyphenylsulfone
T Gas temperature along the nozzle axis (K) PS Polystyrene
To Input stagnation temperature of the propellant gas PSU Polysulfone
(K) PTFE  Polytetrafluoroethylene
Tm Melting temperature of particle (K) PU Polyurethane
T; Impact temperature of particle (K) PVC Polyvinyl chloride
Tr Reference temperature (ambient temperature) (K) SEM Scanning electron microscopy
\Y Gas velocity along the nozzle axis (ms=1) SoD Standoff distance
Ver Critical velocity of particle for adhesion (ms—1!) SS Stainless steel
V; Impact velocity of particle (ms=1) WC Tungsten carbide
Viozzle  Velocity of nozzle displacement (ms—1)
Subscript symbol
Greek-script symbols g Gas
Y Ratio of specific heat () Nc nanocrystalline
£ Ratio of nozzle sections (Teit/Tthroat) (=) np Nanoporous
N Thermal conductivity (Wm~1K-1) ns Nanosized
L Dynamic viscosity (kgm=1s-1) ) Particle
p Specific mass (density) (kgm~3)
Po Initial density of the propellant gas (kgm~3)
oy Ultimate yield strength (Pa) . .
1. Introduction: developments and capabilities of CGDS
Abbreviations technology
ABS Acrylonitrile butadiene styrene L . . . .
AISI American iron and steel institute CF)ld spraying is an innovative aFlFIlthE mapufagturlng methgd
BMG Bulk metallic glass and it hgs recently pecome a promising te.chmque in the mat.eylal
BN Cubic bore nitride processing ﬁeld. Prlmarlly. cold spraying is a povydgr deposmqn
CFD Computational fluid dynamics method and .1t e)_<p'101ts the self—cgnsolldatlor_l ciapabllllty of the solid
CGDS  Cold gas dynamic spray pgrtlcles V\./hu?hjom together while they retalp in .thelr sollq §tate. A
CERC Carbon fibre reinforced composite high velocity impact enables such self-consolidation capability that
is governed by a solid state bonding. This technique was developed

in the early twentieth century by Thurston [1]. Later, a blast or a
pressurized gas was used to accelerate metallic powders to a max-
imum velocity of about 300 m/s and subsequently, the high speed
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