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Quick Insight Brief:
Diode Laser Cladding

RESEARCH QUESTION
Can the diode laser cladding (DLC) process be used to apply high-temperature, corrosion-resistant refractory materials, and when
is the technology expected to be available for industry?

KEY TAKEAWAYS
» DLC is being considered for various advanced reactor designs that will be intfroduced over the next decade. Several of
these designs rely on hightemperature alloys that can operate in highly corrosive environments and under cycling conditions.
Refractory alloys such as molybdenum or tungsten have been identified as potential alloys that may provide both high
temperature and corrosion performance, thereby bridging this gap. Unfortunately, these alloys are difficult to fabricate and
are very expensive. One solution may be to clad structural components with a thin layer of refractory materials using DLC
technology.

» Small modular reactor (SMR) manufacturers are also considering DLC for cladding of the reactor pressure vessel because the
process can be applied in various clad/welding positions.

» DLC results in very low dilution (mixing with o substrate), making it attractive for application of hardfacing materials where
wear resistance is required.

KEY POINTS

» Use of DLC technology for cladding in nuclear applications is a relatively new concept that has yet to see ifs full potential.

» Successful implementation of DLC technology will provide a method for depositing refractory materials or composites o
components that are considered impossible to deposit using standard weld cladding techniques. The DLC deposits produce
considerably thinner layers than traditional cladding techniques, leading to reduced material costs.

» Having the capability to deposit these hightemperature alloy cladding would provide invaluable enhancements in high-
tfemperature corrosion and wear properties and would significantly increase the design life of advanced reactor components.
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WHAT IS THE DLC PROCESS?

Diodes are semiconductor devices that directly convert electri-
cal energy info laser light. Typically, higher power diode lasers
output in the near infrared, most commonly at either 808-nm
or 980-nm wavelengths. An individual diode laser emitter can
produce at most a few watts of output power. Examples of these
single diode emitters are shown in Figure 1.

Figure 2. Large array of MCCPs used for delivering diode laser
power to the weld head [1]

Numerous diode emitters can be fabricated on a single,
monolithic semiconductor substrate or bar with tofal output
power reaching as high as 100 watts. These linear bars can
be combined in horizontal and vertical stacks to produce
diode laser systems with the necessary output power required
to clad substrates with powder or wire alloys. Figure 2 provides
an example mounting configuration for the diode laser bars
referred to as microchannelcooled packages [MCCPs). The
MCCPs are mounted to a chill plate that contains infernal
channels for water circulation.

The final step in delivering the diode laser power to the
substrate being clad is to use specialized optics to focus the
laser as a linear, circular, or rectangular heat source with
power density greater than 200 kW /cm?. Figure 3 provides
an image of a diode laser head mounted to a robotic arm in
preparation for inside diameter (ID) clodding. The specialized
optics are contained within this head and used to focus the
diode laser power on the substrate material. Cladding material
in the form of wire or powder is infroduced and deposited on
the substrate surface at the same location where the laser beam
is focused. The laser beam heats both the substrate and the
cladding material, leading to melting of the wire/powder and
metallurgical bonding of the two materials. Figure 4 shows a
cross-sectional view of cladding and substrate affer DLC.

Figure 3. Fiber-coupled diode laser head mounted to robotic arm
at the Nuclear Advanced Manufacturing Research Centre facility in
preparation for ID cladding [2]
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Figure 4. Cross section of 308L stainless steel one layer cladding onto low-alloy steel [3]

As with all cladding investigations using new alloys, there is a
potential for mefallurgical incompatibility between the cladding
material and the underlying substrate. However, an advantage
of DIC technology is that it applies minimal heat input fo the
substrate during deposition, resulting in extremely low mixing
(dilution) of the substrate with the cladding material. Because of
this minimal mixing and low heat input, the risk of metallurgical
incompatibility is reduced substantially. Furthermore, minimal
mixing allows the cladding layer thickness to be reduced by
50% or greater relative to conventional arcbased cladding
processes, providing the potential for significant material and
cost savings.

Although powder deposition is not practical for outof-position
cladding applications, the use of wirefed deposition with DLC
technology is a potential option that can be used to address this
issue. This is typically accomplished using a hot wire system to
preheat the wire close to melting temperature prior to deposition
onto the substrate. Preliminary research has been completed
by the Electric Power Research Institute (EPRI) to defermine the
effectiveness of hot wire diode laser welding [1]. This investigo-
fion involved using robotic DLC to perform cladding in the 2G
(horizontal) welding position, and additional studies are planned
to further investigate DLC technology for outof-position cladding.

WHICH INDUSTRIES ARE CURRENTLY USING DLC
TO MANUFACTURE COMPONENTS?

DILC technology has been applied to a vast number of
aerospace, power generation, and petrochemical applications.
Specific examples where DLC is being used include turbine
blades, superheaters, valve seafing surfaces, water walls, and
many other coating applications requiring high corrosion and
wear resistance. Because DLC has benefited a wide range of
industrial applications, it is anticipated that this technology can
also be successfully developed for many nuclear applications.

WHERE WILL DLC BE USED TO MANUFACTURE
NUCLEAR COMPONENTS?

DLC technology could be used during fabrication of essential-
ly all nuclear components that require corrosion and/or wear
resistance. Example components that could potentially benefit
from the use of DLC technology include the reactor vessel D,
valves, pump housings, tubing, and piping. The technology is
particularly attractive to the industry in that it may provide an
avenue to apply hightemperature, corrosion-resistant materials
such as molybdenum, tungsten, or other composite structures.
The technology is also being explored under a U.S. Department
of Energy (US DOE) project (DE-NEOO08629) that is investigat-
ing DLC for cladding both the inside and outside surfaces of the
reactor vessel (see discussion in the following sections). Lastly,
because of its low dilufion (mixing with substrate], DLC is being
considered for application of hardfacing alloys for improved
wear resistance.

EMERGING ADVANCED MANUFACTURING
TECHNOLOGIES

Investigation of DLC for Generation IV Reactor
Components

A two-year project, initiated in early 2020, has been funded by
EPRI to evaluate use of DLC technology for advanced non-light
water reactor components. This effort includes a comprehensive
evaluation of cladding materials with superior high-femperature
corrosion resistance. Primary candidate materials that will be
investigated include molybdenum, tungsten, and composite
powders. These materials will be clad to candidate substrates
using the DLC process to demonstrate the feasibility for use in
advanced reactor applications.
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DLC of SMR Vessel Surfaces

Under US DOE project DEENEOO08629, EPRI and the United
Kingdom-based Nuclear Advanced Manufacturing Research
Cenfre are investigating advanced manufacturing and fabri-
cation fechnologies for SMRs. The project is investigating a
wide range of advanced technologies, including powder met-
allurgy-hot isostatic pressing to produce reactor pressure vessel
components, electron beam welding to join these components,
and DLC to clad the reactor vessel. In the project, DLC is being
investigated because of ifs ability to be used out of position
(welding position] and because it can reduce the overall thick-
ness of the corrosion-resistant cladding required by >50%. The
NuScale Power reactor application that is being investigated
requires cladding on the interior and exterior surfaces. The total
surface area is estimated at an area greater than two Olym-
pic-sized swimming pools; therefore, if one can reduce the vol-
ume of material required, significant savings can be achieved.

REFERENCES

1. The Assessment of Using Laser Beam Welding for
Application of Weld Overlay. EPRI, Palo Alto, CA:
2012.1025174.

2. Nuclear Advanced Manufacturing Centre, “Major New
Welding Capabilities Come Online,” Nuclear AMRC
News, United Kingdom: May 21, 2014.
https://www.namrc.co.uk/centre /new-welding

3. Small Modular Reactor Vessel Manufacture and
Fabrication. EPRI, Palo Alto, CA: 2020. 3002019335.

EPRI RESOURCES
Jon Tatman, Senior Technical Lleader
704.595.2762, jtatman@epri.com

Stephen Tate, Technical leader
?@80.495.7417, state@epri.com

David W. Gandy, Senior Technical Executive
980.428.3567, davgandy@epri.com

Marc C. Albert, Senior Technical leader
704-595-2187, malbert@epri.com

Advanced Nuclear Technology




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 IMPLEED, () WITH RESPECT TO THE USE OF ANY
INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM
DISCLOSED IN THIS DOCUMENT, INCLUDING MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE, OR (ll) THAT SUCH USE DOES
NOT INFRINGE ON OR INTERFERE WITH PRIVATELY OWNED RIGHTS,
INCLUDING ANY PARTY’S INTELLECTUAL PROPERTY, OR (Il 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
POSSIBILITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION
OR USE OF THIS DOCUMENT OR ANY INFORMATION, APPARATUS,
METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS DOCUMENT.

REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PROCESS,
OR SERVICE BY ITS TRADE NAME, TRADEMARK, MANUFACTURER, OR
OTHERWISE, DOES NOT NECESSARILY CONSTITUTE OR IMPLY TS
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 CENTER AT 800.313.3774 OR E-MAIL
ASKEPRI@EPRI.COM.

3002019765

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 fechnologies. 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

October 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.



	Quick Insight Brief: Diode Laser Cladding
	RESEARCH QUESTION
	KEY TAKEAWAYS
	KEY POINTS
	WHAT IS THE DLC PROCESS?
	WHICH INDUSTRIES ARE CURRENTLY USING DLC TO MANUFACTURE COMPONENTS?
	WHERE WILL DLC BE USED TO MANUFACTURE NUCLEAR COMPONENTS?
	EMERGING ADVANCED MANUFACTURING TECHNOLOGIES
	Investigation of DLC for Generation IV Reactor Components
	DLC of SMR Vessel Surfaces

	REFERENCES
	EPRI RESOURCES



