
Quick Insight Brief: 
Cold Spray Deposition Process

RESEARCH QUESTION
What applications exist in the current nuclear power station fleet or advanced reactor concepts, including small modular reactors 
and Generation IV reactors, that can benefit from cold spray processing?

KEY TAKEAWAYS
Cold spray is a unique metallic coating method that can potentially be used to preemptively mitigate or repair corrosion damage 
in high-value nuclear assets. The process can be incorporated into manufacturing operations during new component fabrication 
or used on legacy components to improve/extend service life.

KEY POINTS
	▶ Cold spray uses supersonic particle velocities to deposit a dense layer of metallic powder on the surface of components.

	▶ Low process temperatures permit the application of metals that are metallurgically difficult to apply with traditional means.

	▶ Cold spray can be used for surface property modification (corrosion and/or wear resistance), repair, surface restoration, or 
refurbishment.

	▶ Cold spray applications can be performed in a shop setting or in the field, giving the process applicability to new component 
fabrication or legacy component repair/modification.

	▶ Cold spray systems are commercially available, and the process has been widely used by other industries.

WHAT IS COLD SPRAY?
Cold spray is a solid-state coating technology used to deposit metallic or composite powders onto a metallic substrate. Many 
terms have been used to identify cold spray processing technologies, including cold gas dynamic spray, kinetic metallization, 
and supersonic particle deposition. However, each of these synonymous terms describes the same underlying process. The 
cold spray process is schematically depicted in Figure 1. Microscale powder particles are accelerated to supersonic speeds 
through an electrically heated carrier gas stream and directed to a target substrate. The powder particles then collide with the 
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deposit is highly dense and uniform in thickness. The bonding 
that is achieved during application is both mechanical and 
metallurgical in nature. The strength of cold spray deposits of-
ten exceeds that of comparable wrought materials, although 
ductility is often lower. Post-processing heat treatments can be 
used to restore ductility to the deposit; however, this is often 
unnecessary and depends on the final service requirements for 
the material.

Another advantage of cold spray is the maturity of the process. 
Cold spray systems are commercially available from a variety of 
vendors spanning from automated robotic workstations in shop-
based environments to field-deployable handheld solutions for 

target substrate or previously deposited powder and adhere 
to create a surface coating. Typical cold spray applications 
include property modification (such as corrosion resistance or 
wear resistance), repair, or surface restoration/refurbishment of 
metallic components [1].

Figure 1. Schematic of the cold spray process 
Used with permission from VRC Metal Systems

ADVANTAGES OF THE COLD SPRAY PROCESS
A distinguishing feature of the cold spray process is that the 
powder particles never melt during application. This differs sig-
nificantly from other metallic thermal spray coating techniques 
such as plasma or high-velocity oxygen fuel, where high pro-
cess temperatures cause melting. The low process temperatures 
associated with cold spray offer the advantages of being able 
to apply coatings that are inherently temperature sensitive, lim-
it substrate heating, and create dissimilar material combina-
tions that are not metallurgically compatible through traditional 
means. Unlike other techniques that involve high process tem-
peratures and melting (that is, weld cladding, high-temperature 
thermal spray processes, and so forth), no heat-affected zone 
forms within the substrate and no dilution occurs between the 
substrate and deposit materials. The low-temperature solid-state 
characteristic of cold spray also provides the added benefit 
of developing minimal, or even compressive, residual stresses 
in the coating and at the substrate surface reducing potential 
degradation mechanisms.

Cold spray deposits are generally highly dense (<1% porosity 
achievable) and exhibit excellent mechanical properties. Exam-
ples of atomized 304L stainless steel powder before applica-
tion and a representative cold spray deposit cross section are 
shown in Figure 2. As can be seen, the 304L stainless steel 

Figure 2. Stainless steel powder metal (top); cross section of 304L 
stainless steel cold spray deposit (bottom)
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additive manufacturing, powder metallurgy and hot isostatic 
pressing, and so forth), care must be taken to ensure that the 
powder metal is of sufficient quality to achieve success. This 
encompasses factors such as powder size distribution, powder 
morphology, and propensity for oxidation that can influence 
powder flow characteristics, deposition efficiency, and prop-
erties of the final cold spray deposit. Manufacturer-to-manufac-
turer and heat-to-heat powder variability can cause a stable 
processing window to become unstable for a given alloy. Fur-
thermore, care must be taken to properly handle and store the 
metal powders to prevent unwanted surface oxidation.

Surface preparation of the target component must also be ad-
dressed. The removal of surface oil, grease, oxides, and other 
surface contaminants is necessary to maximize surface adhe-
sion during cold spray. This is often achieved by mechanical 
preparation—that is, surface grinding or grit blasting—of the 
target substrate immediately prior to cold spray application. 
Care must be taken to ensure that grinding or blasting media 
are not embedded in the substrate surface. It is generally rec-
ommended to use new abrasives or blasting media to avoid 
surface contamination from previous cleaning operations.

Special tooling and delivery systems must be developed for 
scenarios where accessibility is limited. The success of the cold 
spray process is reliant upon heating and accelerating the pow-
der particles to a temperature and velocity that is favorable 
for particle adhesion. Customized equipment designs will be 
necessary in tight spaces where a traditional cold spray nozzle 
cannot be used or an appropriate standoff distance is unobtain-
able and in scenarios where the cold spray nozzle is exception-
ally far from the heating and powder feeding units.

Lastly, powder containment and cleanup during a cold spray 
application must be considered. The deposition efficiency of 
the cold spray process is less than 100%, and not all powder 
particles will adhere to the target substrate. In a controlled man-
ufacturing environment, this can be managed by performing 
cold spray applications on a downdraft table or by using a 
vacuum system to collect dust and powder particles that are 
generated. Applications outside a controlled manufacturing en-
vironment require a dust and powder collection strategy to pre-
vent contamination of the build and surrounding environment.

manual operation. An example of a manual cold spray appli-
cation is presented in Figure 3. Although the utilization of cold 
spray technologies has been widely adopted in other industrial 
sectors (particularly aeronautic and defense), applications with-
in the nuclear power generation industry have been much more 
limited. Examples of successful applications outside the nuclear 
power generation industry include dimensional restoration of 
corroded, mechanically damaged, or worn Al components [2, 
3]; corrosion protection and repair of Mg components [4, 5]; 
and repair of machining errors in cast Fe [1]. Many other appli-
cation examples can be found by referencing the meeting ma-
terials from the Cold Spray Action Team workshops that have 
been held annually since 2011 [6].

Figure 3. Example of a manual cold spray application  
Used with permission from VRC Metal Systems

TECHNICAL CHALLENGES
As mentioned previously, some residual porosity can exist in cold 
spray deposits. The extent and interconnectivity of porosity must 
be considered for the given application. An example where 
residual porosity might be a concern is for metallic deposits that 
rely on surface passivity to maintain corrosion resistance in wet-
ted environments. In this scenario, surface-connected porosity 
could serve as an occluded region where localized corrosion 
attack may occur. However, porosity can be minimized through 
the development of optimized processing parameters and/or 
by modifying the feedstock powder itself.

Additionally, much like other manufacturing processes that 
use powder metal feedstock (that is, laser powder bed fusion  
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Residual Stress Modification of Weldments
One of the most intriguing characteristics of cold spray is that it 
can be used to locally modify the residual stress distribution of a 
component. Thick-section weldments generally contain relative-
ly high residual tensile stresses in the weld metal and heat-affect-
ed zones following fabrication. If left in this condition, the weld- 
induced tensile stresses can serve as a mechanical driving force 
for stress corrosion crack propagation in wetted components. 
Efforts are currently underway to understand how cold spray 
could be used to locally modify the residual stress distribution of 
nuclear weldments. An example is provided in Figure 4, where 
residual stresses within a high restraint gas tungsten arc weld 
mockup have been characterized before and after cold spray. 
As can be seen, the residual stress fields at the top surface of 
the mockup shift from highly tensile in an as-welded condition 
to compressive following cold spray application. It is believed 
that the cold spray technique could be used to preemptively 
mitigate stress corrosion cracking through residual stress modifi-
cation during component fabrication or be applied to in-service 
components. EPRI’s WRTC Program is currently leading this re-
search effort for weldments in nuclear components.

EMERGING COLD SPRAY TECHNOLOGIES

Extended Storage of Spent Nuclear Fuel
Recent inspection developments for dry cask storage systems 
have prompted a need for repair and mitigation technologies 
for stainless steel spent nuclear fuel canisters [7]. A concern 
exists regarding chloride-induced degradation of the canisters 
during extended storage conditions. Cold spray is currently be-
ing explored as a potential solution to mitigate or repair these 
structures [8]. The cold spray process is capable of remotely de-
livering a thin corrosion resistant metallic coating at a low tem-
perature. Furthermore, the deposited corrosion resistant coating 
can improve the residual stress profile on the outer diameter 
of the canister where corrosion may occur. Current efforts are 
focused on assessing candidate alloys (304L, 316L, 625, CP 
Ni, and so forth), process development, quantifying the corro-
sion resistance of cold spray deposits, and developing remote 
delivery techniques. This is a highly collaborative research 
area with active engagement with many utility, industry, na-
tional laboratory, and university partners. EPRI’s Welding and 
Repair Technology Center (WRTC) Program and the Extended 
Storage Collaboration Program (ESCP) are actively engaged 
in this effort.

NEUP/EPRI Collaboration for Cold Spray Evaluation
EPRI’s WRTC Program and ESCP are engaged with universities 
around the United States that are investigating candidate repair 
processes for spent nuclear fuel canisters. The participating uni-
versities, in collaboration with vendor and national laboratory 
partners, are funded through the U.S. Department of Energy’s 
Nuclear Energy University Program (NEUP). Many of the univer-
sities are investigating cold spray technologies as a part of their 
efforts. Evaluations include pitting and stress corrosion cracking 
resistance of cold spray deposits, residual stress evolution of 
cold spray deposits over corrosion-susceptible materials, met-
allurgical characterization, and feasibility assessments for re-
pairs. EPRI’s role in these collaborations is to provide technical 
feedback, encourage industrial relevance, foster collaboration 
among the participating university teams, and offer a conduit 
between researchers and industry. Figure 4. Residual stress measurements from a high restraint arc 

weld mockup (304L base material, 308L filler material) before and 
after the application of a 304L cold spray deposit
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NEXT STEPS/ONGOING EPRI WORK
The nuclear power generation industry is in the early stages of 
extending the cold spray process into the areas of component 
manufacturing, mitigation, and repair. Extensive experience in 
other industrial sectors has built the technical basis for cold 
spray and provides an opportunity to adopt this emerging tech-
nology to address specific challenges in the nuclear industry. 
Current and near-term efforts for cold spray should focus on 
identifying candidate application areas, characterizing and 
optimizing deposits that are relevant to nuclear environments, 
and performance demonstrations.

REFERENCES
1.	 V. Champagne and D. Helfritch (2016). “The 

Unique Abilities of Cold Spray Deposition,”  
International Materials Reviews, 61:7, 437-455, DOI: 
10.1080/09506608.2016.1194948.

2.	 P. F. Leyman and V. K. Champagne. “Cold Spray Process 
Development for the Reclamation of the Apache Helicopter 
Mast Support.” Army Research Laboratory, Adelphi, MD: 
2009. ARL-TR-4922.

3.	 C. A. Widener et al. (2015). “Application of High-Pres-
sure Cold Spray for an Internal Bore Repair of a Navy 
Valve Actuator,” Journal of Thermal Spray Technology, 25, 
193–201, DOI: 10.1007/s11666-015-0366-4. 

4.	 B. S. DeForce, T. J. Eden, and J. K. Potter (2011). “Cold 
Spray Al-5% Mg Coatings for the Corrosion Protection of 
Magnesium Alloys,” Journal of Thermal Spray Technology, 
20, 1352–1358, DOI: 10.1007/s11666-011-9675-4.

5.	 V. K. Champagne, P. F. Leyman, and D. J. Helfritch. “Mag-
nesium Repair by Cold Spray.” Army Research Laboratory, 
Adelphi, MD: 2008. ARL-TR-4438.

6.	 Cold Spray Action Team, https://www.coldsprayteam.
com, accessed April 28, 2020.

7.	 Inspection and Delivery System Development and Field  
Trials for Dry Canister Storage System Evaluation. EPRI, 
Palo Alto, CA: 2017. 3002010621.

8.	 Welding and Repair Technology Center: Extended  
Storage Collaboration Program Canister Mitigation and 
Repair Subcommittee—Industry Progress Report. EPRI, Palo 
Alto, CA: 2018. 3002013130.

EPRI RESOURCES
Ben Sutton, Technical Leader 
980.422.3788, bsutton@epri.com

Jon Tatman, Senior Technical Leader 
704.595.2762, jtatman@epri.com 

Advanced Nuclear Technology

0

https://www.coldsprayteam.com
https://www.coldsprayteam.com
mailto:bsutton@epri.com
mailto:jtatman@epri.com


DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION NAMED 

BELOW AS AN ACCOUNT OF WORK SPONSORED OR COSPONSORED 

BY THE ELECTRIC POWER RESEARCH INSTITUTE, INC. (EPRI). NEITHER EPRI, 

ANY MEMBER OF EPRI, ANY COSPONSOR, THE ORGANIZATION BELOW, 

NOR ANY PERSON ACTING ON BEHALF OF ANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, 

EXPRESS OR IMPLIED, (I) WITH RESPECT TO THE USE OF ANY INFORMA-

TION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN 

THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS FOR A 

PARTICULAR PURPOSE, OR (II) THAT SUCH USE DOES NOT INFRINGE ON 

OR INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PAR-

TY’S INTELLECTUAL PROPERTY, OR (III) THAT THIS DOCUMENT IS SUITABLE 

TO ANY PARTICULAR USER’S CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY 

WHATSOEVER (INCLUDING ANY CONSEQUENTIAL DAMAGES, EVEN IF 

EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBIL-

ITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF 

THIS DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD, PRO-

CESS, OR SIMILAR ITEM DISCLOSED IN THIS DOCUMENT.

REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PRO-

CESS, OR SERVICE BY ITS TRADE NAME, TRADEMARK, MANUFACTURER, 

OR OTHERWISE, DOES NOT NECESSARILY CONSTITUTE OR IMPLY ITS 

ENDORSEMENT, RECOMMENDATION, OR FAVORING BY EPRI.

THE ELECTRIC POWER RESEARCH INSTITUTE (EPRI) PREPARED THIS REPORT.

Note

For further information about EPRI, call the EPRI Customer Assistance Cen- 

ter at 800.313.3774 or e-mail askepri@epri.com.

The Electric Power Research Institute, Inc. (EPRI, www.epri.com) 

conducts research and development relating to the generation, delivery and 

use of electricity for the benefit of the public. An independent, nonprofit 

organization, EPRI brings together its scientists and engineers as well 

as experts from academia and industry to help address challenges in 

electricity, including reliability, efficiency, affordability, health, safety and the 

environment. EPRI also provides technology, policy and economic analyses to 

drive long-range research and development planning, and supports research 

in emerging technologies. EPRI members represent 90% of the electricity 

generated and delivered in the United States with international participation 

extending to nearly 40 countries. EPRI’s principal offices and laboratories 

are located in Palo Alto, Calif.; Charlotte, N.C.; Knoxville, Tenn.; Dallas, 

Texas; Lenox, Mass.; and Washington, D.C.

Together . . . Shaping the Future of Electricity

3002019766	 September 2020

Electric Power Research Institute 
3420 Hillview Avenue, Palo Alto, California 94304-1338 • PO Box 10412, Palo Alto, California 94303-0813 USA 
800.313.3774 • 650.855.2121 • askepri@epri.com • www.epri.com

© 2020 Electric Power Research Institute (EPRI), Inc. All rights reserved. Electric Power Research Institute, EPRI, and TOGETHER . . . SHAPING THE FUTURE OF ELECTRICITY are  
registered service marks of the Electric Power Research Institute, Inc.0


