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Current and Future Applications
of Cold Spray Technology

Cold spray is one of the many

names for describing a solid-

state coating process that uses a
high-speed gas jet to accelerate pow-
der particles toward a substrate
whereby metal particles plastically
deform and consolidate upon
impact. The term “cold spray” refers
to the relatively low process temper-
ature involved in the process, which
is typically much lower than the
melting point of the spray material.

Although the concept of cold
spraying metallic materials onto sub-
strates goes back to the early 1900s,
it was not until the 1980s that the
applicability of this technology was
demonstrated at the Institute of
Theoretical and Applied Mechanics
of the Russian Academy of Sciences
in Novosibirisk. Because adhesion of
the metal powder to the substrate
and deposited material is achieved in
the solid state, the characteristics of
cold spray deposits are quite unique,
making cold spray suitable for
depositing a wide range of tradi-
tional and advanced
materials  on
many

i

types of substrate materials, especial-
ly in non-traditional applications
that are sensitive to the temperature
of the process.

Some of the characteristics of cold
spray include the ability to form
dense deposits with extremely low
oxygen content, free of residual ten-
sile stresses, grain growth, recrystal-
lization zones, and phase changes.
Certain materials may even experi-
ence grain refinement at the
nanometer scale. These attributes
make cold spray uniquely suitable
for depositing a range of advanced
and temperature-sensitive materials.
Today, cold spray is increasingly
being used in a number of industries,
including aerospace, energy, and mil-
itary (Figs. 1 and 2).

HOW DOES COLD SPRAY WORK?
Back in the 1980s, during the practi-
cal development of cold spray tech-
nology, two methods of injecting the
spray materials into the
nozzle were patented, lead-
ing to what is known
\ today as high

pressure

Figure 1: Field repair of corrosion surface damage by low-pressure cold spray.

Figure 2: Cold spray fabrication of conductive
busbars over tin oxide-coated glass for heated
glass applications.

(injecting the powder prior to the
spray nozzle throat from a high-pres-
sure gas supply)' and low pressure
(injecting the powder in the diverg-
ing section of the spray nozzle from a
low-pressure gas supply).”

In high-pressure cold spray (Fig. 3),
helium or nitrogen at high pressure
(up to 1,000 psi) is preheated (up to
1,000°C) and then forced through a
converging-diverging DeLaval nozzle.
At the nozzle, the expansion of the
gas produces the conversion of
enthalpy into kinetic energy, which
accelerates the gas flow to superson-
ic regime (1,000 m/s) while reducing
its temperature. The powder feed-
stock is introduced axially into the
gas stream, prior to the nozzle
throat. The accelerated solid parti-
cles impact the substrate with
enough kinetic energy to induce
mechanical and/or metallurgical
bonding.

In low-pressure cold spray (Fig. 4),
air or nitrogen at relatively low pres-
sure (80-140 psi) is also preheated
(up to 550°C), then forced through a
DeLaval nozzle. At the diverging side
of the nozzle, the heated gas is accel-
erated to about 600 m/s. Powder
feedstock is introduced downstream
in the diverging section and acceler-
ated toward the substrate.
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Figure 3: Operating principle of high-pressure cold spray.
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Figure 4: Operating principle of low-pressure cold spray.

Figure 5: Commercially available low-pressure
cold spray systems, including portable systems
intended for field operation.

(Image courtesy of CenterLine Windsor, Ltd.)

As the applicability of cold spray
technology expands to new and
unique areas of application, there
has been an increasing number of
commercially available, ready-to-use
cold spray systems introduced into
the marketplace (Fig. 5).

FUTURE TRENDS

There are new developments in cold
spray technology, including shock-
wave-induced spraying,’* whereby
the fast opening/closing of a control
valve downstream of a high-pressure
gas source generates a pulsed (10-30
Hz) heated supersonic flow (Fig. 6).
The pulsed flow is used to simulta-

neously accelerate and heat the pow-
der, which is introduced in a cylin-
drical nozzle. In contrast with cold
spray, a DeLaval nozzle is not
required, and powders can gain addi-
tional energy during acceleration.
This effectively facilitates bonding
for a wide range of engineering mate-
rials, including steels, titanium, and
cermets. Also, the intermittent gas
flow lowers gas consumption and
increases energy efficiency.

ADVANCED APPLICATIONS

Cold spray technology falls under
the larger family of thermal spray
processes, and it is not here to
replace any of the well-established
thermal spray methods. Instead, cold
spray technology is expected to sup-
plement and expand the range of
applications for thermal spray.

In its current state, cold spray is
increasingly used in a variety of
industries for corrosion mitigation
of sensitive materials, such as: mag-
nesium and aluminum alloys; sur-
face restoration; manufacturing of
sputtering targets; fabrication of
busbars on heated glass; deposition
of WC-Co for hard-chrome replace-
ment coatings; electrical and thermal
conductive coatings for transition
surfaces; braze joint preparation; and
deposition of NiCrAlY bond coats
for thermal barriers. For many of
these applications, cold spray pres-
ents itself as a more economical
method because it can actually elim-
inate or reduce fabrication steps.

For other applications, cold spray is
simply the only viable solution, espe-
cially for an increasing number of
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Figure 6: Shockwave-induced spraying (SISP).
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Figure 7: Array of thin-film photovoltaic panels
powering an entire building at the University of
Toledo campus, Toledo, Ohio, USA.

Figure 8: Nano-structured 2618 aluminum alloy
deposited by the cold spray process.

non-traditional applications. While
environmental and health & safety
regulations have become more strin-
gent, interest in cold spray has grown
as a potentially greener alternative.

As the technology evolves it is
anticipated that cold spray applica-
bility will continue to expand to
more non-traditional applications,
such as photovoltaic, wind, medical,
and architectural. In photovoltaic
applications, cold spray could be
used for the fabrication of complex
conductive patterns in solar cells
(Fig. 7). Wind power generation may
be able to make use of cold spray to
enhance surface performance in
components made of advanced poly-
mer-matrix composites.

In the medical field, cold spray has
already been demonstrated to effec-
tively apply hydroxyapatite (HAP), a
well-known bio-compatible material,
to a number of substrates without
compromising the integrity of HAP.
Architects can take advantage of cold
spray to create unlimited aesthetic
metallic patterns on any metal or
ceramic substrate.

NANOTECHNOLOGY AND

SMART STRUCTURES

Some other non-traditional applica-
tions involve the utilization of
advanced materials, such as nano-
structured and amorphous materi-
als. In nano-structured materials,
grain sizes are extremely small and
provide mechanical advantages such
as extreme fracture toughness while
maintaining a high level of material
strength. Nano-crystallinity is quite
sensitive to process temperature, and
cold spray can effectively be used
without compromising their benefi-
cial microstructure (Fig. 8).

Because of its low-temperature
deposition, cold spray can be used to
embed micro-sensors, along with
functional coatings, on surfaces for
smart structures. These structures
would have the ability to provide
real-time information related to
materials performance or environ-
mental conditions. There are a num-
ber of emerging enterprises that are
focusing on providing solutions for
sensing, database management, and
prognostics analysis in bridges,
power grids, wind turbines, aircrafts,
automobiles, ships, pipelines, and
construction equipment. The future
of cold spray relies on its ability to
deposit advanced materials onto a
diversity of substrates with mini-
mum thermal penalty and cost.
These are the cornerstones that will
define the direction and opportuni-
ties lying ahead for this technology.
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