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     On June 22 and 23, the Cold Spray Ac-
tion Team (CSAT) welcomed more than
630 attendees from across the globe to
CSAT 2021, which was held both virtually
and in-person — Fig. 1. e event is a com-
bination of a conference, workshop, tech-
nical meeting, and strategic planning ses-
sion all rolled into one. It is a forum for
discussion and debate and is backed by a
program suited for most everyone involved
in the area of cold spray. e conference
continues to be the world’s largest gather-
ing within the cold spray community. 
     e brainchild of Victor K. Champagne
Jr., who continues to serve as executive di-
rector, CSAT was conceived more than 11
years ago to help bring together people
from all facets of the cold spray sector —
from researchers and equipment manufac-
turers to suppliers of feedstock powders
— to support industries and users of the
technology. Champagne recognized a need
to accelerate the advancement of cold
spray across the industrial base. Here are
some highlights from the event. 

Award Recognition

     Champagne and Associate Executive
Director Aaron Birt have been expanding
CSAT to increase its global appeal. e
CSAT advisory board now has two new
members from Australia.

     Julio Villafuerte, also a newly elected
board member, traveled from Colombia
to accept a special achievement award for
his dedication toward the advancement
of cold spray — Fig. 2A. Danielle Cote, an
assistant professor at Worcester Poly-
technic Institute, Worcester, Mass., was
also recognized for her research accom-
plishments toward advanced feedstock
powders — Fig. 2B.
     Champagne emphasized the impor-
tant mission of CSAT as he stated, “Cold
spray will move into the world market-
place much more quickly and efficiently if
people are educated about the attributes
and limitations of the technology. e re-
search community, including industry,
academia, and the government, needs to
work together to share as much informa-
tion as possible [and] develop the knowl-
edge base and engineering data to match
the technology to the best applications.”

Manufacturing at the 
Point of Need

     e theme for this year’s CSAT was
manufacturing at the point of need. It at-
tracted many speakers who introduced
the latest innovations addressing this 
important topic. As stated by Ryan D.
McCarthy, the former U.S. Secretary of
the Army, regarding the introduction of a

new policy on advanced manufacturing,
“Advanced manufacturing will funda-
mentally change the way the Army de-
signs, delivers, produces, and sustains
materiel capabilities.”
     We know that cold spray has been
used to address the readiness and sus-
tainment challenges caused by parts ob-
solescence, diminishing sources of sup-
ply, and sustained operations in harsh
environments by providing dimensional
restoration and wear- and corrosion-
resistant coatings, but there has been an
aggressive pursuit to adapt cold spray for
3D printing of parts.
     “Advanced manufacturing enhances
the supply chain and sustainment efforts,
both forward in the field and in our
maintenance depots, enabling soldiers to
quickly manufacture critical parts and
supplies at the point of need,” said Gen-
eral Gus Perna, the former commanding
general of U.S. Army Materiel Command
(Ref. 1).

Cold Spray Technology

     A highlight of the CSAT conference
was the presentation of SPEE3D’s cold
spray system (see cover page). Using its
patented cold spray additive manufactur-
ing technology, SPEE3D provided onsite
production of parts by cold spray and ad-
dressed the following three critical issues
related to manufacturing at the point of
need:
     1. Obsolescence — Printing on-
demand metal parts that would require
significant time and expense to procure
via existing supply chains. e company’s
cold spray systems have been demon-
strated to make a part onsite in minutes
or hours (vs. weeks or months) and get a
key asset back in operation.
     2. Customization — With the SPEE3D
printers’ built-in software that’s esasy to
design and simulate, operators can create
customized parts for applications in the
field — including hinges, battery termi-
nals, bilge pumps, camlock fittings, brack-
ets, covers, heat sinks, flanges — and 
other parts in severe field conditions.

Feature
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By Victor K. Champagne Jr. and Aaron Birt

CSAT 2021: Manufacturing at the Point of Need

Fig. 1 — CSAT attendees according to geographical location.
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     3. Logistics — Solving logistical issues
in defense, oil and gas, maritime, and min-
ing operations through direct or indirect
involvement by providing onsite person-
nel for installation, maintenance, and 
design through finished part services.
     e company’s cold spray system has
had a series of successful demonstrations
and joint projects with the U.S. and Aus-
tralian military and multiple installations
at one of Europe’s most experienced met-
al advanced manufacturing parts manu-
facturers, making it the current stand-
alone system for 3D parts production.
e U.S. Army’s Rock Island Arsenal also
has a SPEE3D system.
     Additionally, VRC Metal Systems and
CenterLine (Windsor) Ltd. cold spray 
systems continue to offer in-situ repair
capabilities. Impact Innovations, Rat-
tenkirchen, Germany, continues to domi-
nate the European market.
     Recently, the VRC Raptor cold spray
system (see cover page) was demonstrat-
ed at Ellsworth Air Force Base by the 28th

Maintenance Group Additive Manufac-
turing Flight, where it conducted its first
restoration of an active flying aircraft in
May by repairing an over wing faring slip
joint using high-pressure cold spray.
     During his keynote address titled
“Garbage in Equals Garbage out,” Cham-
pagne presented a technical discussion
on one of the most important advance-
ments in cold spray: feedstock powders.
He stated that specialized, engineered
cold spray powders enable the production
of bulk material that rivals its wrought
counterpart in the as-sprayed condition.

Cold Spray Feedstock
Powders

     e cold spray processes generally in-
corporate feedstock powders produced
from pure metals and/or metal alloys for
the application of structural repairs and
manufacturing components.
     However, it is important to realize
that one of the attributes of the cold
spray process is the ability to create ma-
terials, through the use of powders, that
would not be possible by conventional
thermal spray techniques due to the 
maximum equilibrium solubility limits 
of elements and, therefore, unique multi-
phase powders are possible by cold spray.
     ere are commercially available, mul-
ticomponent powders made up of combi-
nations of metals, metals and carbides, or
other variations that result in two or
more distinct material components to
the powder — Fig. 3. ese can be simple

blends of powders or may be more ad-
vanced methods of combining different
materials into each powder particle (i.e.,
granulation, milling, or encapsulation).
Wear coatings may be applied by the cold
spray process and often comprise two-
phase powder mixtures of wear-resistant
hard-phase particles and metal matrix
soft-phase particles (e.g., CrC-Ni and 
WC-Co).
     In the cold spray process, as its name
suggests, the feedstock powder particles
generally remain relatively cool and be-
low their melting temperature, which
provides a unique advantage over other
powder processing additive manufactur-
ing techniques. Many powder consolida-
tion technologies (e.g., laser powder dep-
osition, plasma spray, and high-velocity
oxygen fuel spraying) are based on the
complete melting of particles. During
melting, the thermal history and mi-
crostructure of the feedstock powders are
negated. Cold spray, however, carries a
majority of the original feedstock mi-

crostructural characteristics into the re-
sultant consolidated material — Fig. 4.
     e powder characteristics affect the
cold spray application process and mate-
rial properties of the resultant deposit,
and the old computer adage, “garbage in,
garbage out,” holds true in cold spray.
     Birt stated, “If feedstock powders are
not designed and controlled, then the
cold spray process cannot be expected to
reliably produce coatings and/or bulk ma-
terials that have predictable characteris-
tics and material properties,” such as the
partial list shown in Table 1. 
     Additionally, Solvus Global (SG),
Worcester, Mass., has helped to accelerate
the advancement of structural cold spray
repairs and 3D-printed parts through a
concept that they commercialized as
“Powders on Demand,” which enables the
cold spray community to take advantage
of advanced powder development to pro-
duce the highest quality cold spray coat-
ings and parts in the industry today. Spe-
cial techniques to produce, characterize,
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Fig. 3 — A — Cold spray coating using encapsulated tungsten with copper (80W-
20Cu); B — cold spray coating of 49Cu51SiC. (Courtesy of the U.S. Army Research 
Laboratory, Aberdeen, Md.)

Fig. 2 — Achievement awards were presented to Julio Villafuerte (A) and Danielle 
Cote (B).
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package, and store powders have consis-
tently allowed unprecedented combina-
tions of strength, hardness, and ductility.
     Champagne spoke about the signifi-
cance of feedstock powders by presenting
test data from a study of 6061 aluminum
powder produced by SG: SAAM-AL6061-
G1H1 — Fig. 5A. e objective of the
study was to demonstrate the ability of
SAAM-AL6061-G1H1 to maintain its
quality after being in storage for more
than four years by spraying blocks of ma-
terial large enough to be machine tensile
bars and to subsequently characterize
them, including the measurement of ulti-
mate tensile and yield strength, along
with elongation.
     is powder was thermally processed,
packaged, and shipped under an oxygen-
and moisture-free, inert atmosphere in
mylar bags ranging from 1 to 10 lb each
— Fig. 5B. Multiple bags were originally
produced and packaged in 2017.
     e tensile results are shown in Fig. 6
and are consistent with the newly
processed powder. It is important to note
that most off-the-shelf gas atomized alu-
minum powders that are cold sprayed
have elongation values below 1%. Addi-
tionally, it is a well-known fact aluminum

powders hydrolyze when exposed to at-
mospheric conditions because of mois-
ture in the air (even as low as 50% hu-
midity, which is a laboratory condition).
When aluminum powders hydrolyze,
they form hydroxides on the exterior sur-
face, which inhibit particle-to-particle 
adhesion and adversely affect mechanical
properties, especially ductility. is is the
importance of proper postprocessing,
packaging, and storage of cold spray pow-
ders. Each production of aluminum pow-
ders processed at SG undergoes extensive
characterization to ensure quality with a
minimum shelf life of three years. is
becomes very important when powders
are being used at the point of need in 
adverse environments, such as in humid
regions (on marine vessels, jungles,
coastline areas, etc.).

EWI Cold Spray Center of
Excellence

     Another highlight of the CSAT was 
the revelation that Edison Welding Insti-
tute (EWI) will be creating a cold spray
center in Buffalo, N.Y. Enthusiasm res-
onated throughout the audience by this
announcement.
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Fig. 4 — Schematic illustrating how powder properties can be engi-
neered to attain specific characteristics and bulk material properties.

Fig. 6 —  Results of tensile testing actual blocks of cold
spray material produced using SAAM-AL6061-G1H1
feedstock powder, after four years of storage.

Fig. 5 — A — SAAM-AL6061-G1H1
feedstock powder in inertly packaged
bottles suitable for point-of-need 
usage; B — example of the SAAM-
AL6061-G1H1 feedstock powder pack-
aged under an oxygen- and moisture-
free, inert atmosphere in a mylar bag.

Table 1 — Cold Spray Process Variables and Material Properties Affected by
Feedstock Powder

• Particle impact velocity and temperature
• Deposition efficiency
• Porosity
• Hardness
• Bond strength
• Ductility
• Fatigue behavior
• Corrosion performance
• Microstructure
• Surface finish (roughness/waviness)

A

B
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     EWI is a nonprofit organization that
excels through its network of lab facili-
ties, regional extension offices, manufac-
turing consortia, partners in commercial-
ization, and joint collaborations to ad-
vance manufacturing competitiveness.
ere is a need for a depository of reliable
and trusted data, and EWI can fill that
void by serving as an unbiased entity for
the cold spray community.

Practical Cold Spray 

     It was also reported at CSAT that a
new cold spray publication was released in
June 2021 — Fig. 7. is book is intended
to provide a much-needed explanation of
cold spray technology from a practical
perspective and is derived from more
than 20 years of research, development,
and transition experience across the De-
partment of Defense and various indus-
trial sectors. It is well rooted in theory but
is substantiated by empirical data and
practical knowledge that provide poten-
tial users with the information necessary
to recognize the advantages, as well as the
limitations, of cold spray. Champagne, the
main editor, instituted a holistic approach
in the research and development of cold
spray from the beginning and has investi-
gated all aspects of the process, including
feedstock powder, hardware and software,
controls and automation, inspection and

quality assurance, process and impact
modeling and simulation, advanced mate-
rials characterization, machine learning
and advancements in 3D additive manu-
facturing, and other relevant areas to ful-
ly develop, advance, and transition the
technology. He called upon fellow col-
leagues Ozan Ozdemir and Aaron Nardi
to serve as co-editors. 

Conclusion

     e CSAT conference continues to pro-
vide the means by which people can net-
work and form research and business col-
laborations as well as advance research and
development projects. e conference also
serves as a forum for the introduction of
advanced technology, novel cold spray
powders, hardware and software, support-
ing technologies and processes, and speci-
fications and standards that are essential
toward the acceleration and transition of
cold spray technology across the global
market. CSAT has established a website for
data sharing and a knowledge center at
coldsprayteam.com/csat-2021.

Reference

     1. U.S. Army Public Affairs. 2019. Sec-
retary of the Army approves new ad-
vanced manufacturing policy. Retrieved
from army.mil/article/228151/secretary_
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Fig. 7 — Book cover of  Practical Cold
Spray, published in June 2021.
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   e multiscale mechanical testing suite at Florida Internation-
al University’s new Cold Spray and Rapid Advanced Deposition
(ColRAD) laboratory is advancing the design and characteriza-
tion of high-strength coatings. ColRAD is the first cold spray fa-
cility among Florida universities that boasts a range of instru-
ments that can evaluate the mechanical performance of coatings
across length scales from centimeters to nanometers — a range
of seven orders of magnitude. Before diving into mechanical
testing, let’s take a sneak peek into the laboratory and how it is
advancing cold spray technology.

New Decade and Technology

   e cold spray process emerged relatively recently in the 1990s
and took off in the 21st century (Ref. 1). Cold spray technology
sprays a shower of micron-sized solid powder particles to form a
thick and robust coating. ese particles usually consist of met-
als such as aluminum, steel, and tantalum, although ceramic
particles can also be codeposited. e micron-sized powder is fed
through a channel called a de Laval nozzle that is specially de-

signed to direct energy and speed. Using this nozzle, powder
particles can be accelerated to speeds twice that of sound. Trav-
eling at these high speeds, the particles are stopped suddenly by
the substrate on which they land. A coating is thus formed, built
up of heavily deformed building blocks known as splats. e
strength of these coatings can be attributed to these deformed
splats mechanically interlocking with one another.

Cold Spray’s Uniqueness

   Cold spray stands out from other thermal spray processes,
such as plasma spray and high-velocity oxyfuel spray, because of
the processing temperature employed during spraying. For ex-
ample, temperatures used during cold spray are generally around
300°–600°C, which are considerably low compared with plasma
spray (10,000°C). So, in this regard, 300°–600°C is quite “cold.”
e advantage of keeping things this cold lies in preserving the
properties of the raw materials used in spraying without oxida-
tion and phase transformation. 

Beyond State of the Art

   By definition, cold spray appears to be just that — a spraying
technology for developing protective metallic coatings. is is
where ColRAD is striving to break through this barrier and rede-
fine the cold spray landscape going beyond just metals and coat-
ings. e lab is pushing the boundaries of ceramic coatings that
are difficult to cold spray due to their high hardness and low de-
formability. ColRAD’s focus is on cold spray research and educa-
tion in additive manufacturing; repair and manufacturing at the
point of need using a portable cold spray system; developing
novel powder compositions including composite powders; devel-
oping novel electronic and biomedical applications; process 
control, diagnostics, and modeling; and multiscale mechanical
properties evaluation.

Multiscale Mechanical Testing at ColRAD

   Imagine trying to spot the Statue of Liberty in Google Maps.
You would first view the United States, then zoom into New
York, and then further magnify to the harbor area. Cold spray
coatings are very similar, built of their unit cell “splat” in 3D,
generating a hierarchical structure. e mechanical, thermal,
and electrical properties of the cold-spray deposit depend on the
splat geometry, intersplat region and boundaries, and collective
response when subjected to bulk loading. us, mechanical test-
ing of cold-sprayed deposits can first be done on a large sample a
few centimeters long. Further details can be probed by measur-
ing at the micrometer level. Finally, localized properties can be
measured at a few nanometers. 

Feature
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By Tanaji Paul, Cheng Zhang, and Arvind Agarwal 

Florida International University Performs Cold Spray Multiscale
Mechanical Testing from Bulk Coating to Single Splat

Fig. 1 — A universal mechanical testing instrument is used to
conduct compression, tension, and fatigue tests using special-
ly designed jaws on large-sized specimens. These tests reveal
a wealth of information, such as the strength of the sample and
the load it can accommodate before failure. These are useful to
determine the operating conditions of cold-sprayed coatings
(Ref. 2).
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   One of ColRAD’s missions is to probe into the mechanical re-
sponse of a range of cold-sprayed coatings and materials at a
systematically progressing length scale. ColRAD researchers are
designing coatings that will show both attributes of strength
and ductility. ere is a trade-off between the two, and both can-
not be maximized at the same time. Hence, careful tailoring of
the properties must be done. A comprehensive suite of mechani-
cal testing capabilities at the laboratory enables ColRAD re-
searchers to probe the mechanical behavior of cold spray at mul-
tiple length scales, beginning from large scales of a few centime-
ters to extremely small nanometers. ese capabilities thus span
seven orders of magnitude in length scale.

Tension/Compression at Macroscale

   ColRAD is equipped with a state-of-the-art universal mechani-
cal testing machine that can gauge the strength of coatings at
tens of centimeters in length scale — Fig. 1. A universal tester is
designed to pull or compress a coating with the help of solid jaws
that secure the sample in place. e load at which the coating
can be deformed is determined ahead of the experiment. Addi-
tionally, there is flexibility to choose whether the test will hap-
pen rapidly or very slowly. As the test progresses, the instru-
ment continuously generates a flow curve measuring the force
required to stretch the coating to a specific extension. ese can
be used to demarcate the coating’s characteristic properties,
such as its yield strength and point of failure. A real-time video
capture allows macroscopic strain analysis of the coating.

Fatigue and Bending at Macro/Mesoscale

   Advancing one step further, the elastic mechanical properties
of cold-sprayed coatings over a few centimeters of length scale
can be probed by an instrument known as a dynamic mechanical
analyzer (DMA). Cold-sprayed coatings are often employed in
applications such as beams, which routinely undergo flexural or
bending deflection. In such cases, elastic mechanical properties,
where the material does not have any permanent deformation,
become essential. DMA bending tests are done in a unique fash-
ion where the free-standing coating rests on two knife-like edges
like a beam. is beam is pressed by a loaded pin, which pushes
down on the coating — Fig. 2. Using this three-point contact
method, the coating is made to bend and straighten repeatedly.
As a sinusoidally varying force, called a dynamic force, is applied,
the instrument continuously measures the coating elastic modu-
lus. DMA is also flexible in measuring energy lost during the 
vibration of individual splats in the coating. is loss can be
tracked as the coating is gradually heated from cryogenic
(–170°C) to high temperatures up to 600°C. Hence, DMA is 
an excellent technique to gauge the elastic properties of cold-
sprayed coatings for applications in harsh environments both 
at low and elevated temperatures. 

Mechanical Testing of Miniature Samples 

   A miniature load frame with a high load (4000 N) allows the
transition from the macroscopic to microscopic regime of me-
chanical behavior — Fig. 3. Large-sized specimens needed for
macroscopic tension and compression testing cannot always be
reliably machined from cold-sprayed coatings due to the hard
and brittle nature of the material or limited availability of the
samples. At the same time, too-small microscopic testing does
not provide all the information of interest. e miniature test

frame shown in Fig. 3 fills this testing gap between macro- and
microscopic testing while still generating the high loads neces-
sary to deform cold-sprayed coatings. is instrument is
equipped with a range of specialized, custom-developed fixtures,
making it flexible. It can thus operate in several settings, such as
indentation, tension, compression, four-point bending, and so
on. e high load tester can also house a heating chamber
aboard its mechanical platform to test coatings at elevated tem-
peratures up to 400°C. e small design of the tester and heating
chambers makes it very easy to secure it under a visualization
device such as an optical or scanning electron microscope (SEM).
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Fig. 2 — A DMA can provide insights into cold-sprayed materi-
al’s elastic, damping, and cyclic deformation behavior. This 
instrument can be operated in various modes, such as bending,
cantilever, compression, penetration, shearing, and tension.
Cold-sprayed coatings can be tested from a cryogenic –170°C
to an elevated 600°C (Ref. 3).

Fig. 3 — The high-load miniature load frame in the ColRAD lab-
oratory can apply forces up to 4000 N. Responses of materials
can be probed under a range of setups, including indentation,
tension, compression, and four-point bending. It is also
equipped with a heating stage capable of reaching 400°C 
(Ref. 4).
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us, this instrument is a highly specialized device capable of re-
vealing mesoscopic mechanical behavior of cold-sprayed materi-
als under high-temperature environments and simultaneously
visualizing the phenomenon.

Mechanical Testing at Micro/Nanoscale:
Sharper Than a Needle

   Cold-sprayed coatings are often characterized by heterogene-
ity in their structures due to differences in splat morphology.
Specific locations within those materials undergo heavy defor-
mation during high-speed impact. Due to deformations, these
regions have hardened relative to the rest of the coating. us it
is necessary to know the mechanical properties, particularly in
these regions of interest. Nanoindentation exhibits a much
higher resolution to probe local mechanized properties. A sharp
diamond tip called a Berkovich indenter is forced into a specific

area with high precision and indents with very small forces up to
a few millinewtons — Fig. 4. e variation of the force as a func-
tion of the depth of indentation can be utilized to calculate fun-
damental coating properties, such as elastic modulus and hard-
ness of the coatings. e nanoindenter is also capable of map-
ping the elastic modulus of the coating as a distribution over the
coating structure with extremely high resolution (Ref. 5). For ex-
ample, an area of 4 m2 can be divided into a square array of a
whopping 256 × 256  65,536 pixels. is means the variation in
elastic modulus between two adjacent points separated by a dis-
tance of 8 nm can be reliably measured.

Seeing Is Believing: In-Situ Mechanics

   ColRAD is making this reality by visualizing material deforma-
tion phenomena in real time as they happen with a technique
known as in-situ nanoindentation. With this method, the entire
indentation and scratching process (Fig. 5) is conducted by a
miniaturized nanoindenter placed inside the SEM chamber. In-
dentation by the tip and capturing of video by the microscope
coincide (Ref. 6). is is more advantageous since ex-situ charac-
terization can only provide information before and after the ex-
periment but not during. Hence, in-situ nanomechanical testing
can reveal insights not otherwise discoverable by conventional
characterization techniques. is allows studying adhesion be-
tween splat and interface and between two splats. 

Simulation and Modeling

   ese experimental techniques are also integrated with com-
putational modeling, as presented in Fig. 6. Experimental tech-
niques are not always sufficient to draw a comprehensive pic-
ture. For example, ColRAD researchers integrate experimental
localized nanoindentation properties to simulation software to
evaluate bulk elastic properties using a finite element modeling
software called OOF2. e uniqueness of this technique lies in
that experimental values are fundamental material properties.
Usually, these computations are conducted with values taken
from a standard materials handbook. However, those values are
not representative of cold-sprayed microstructures having very
different properties. Research at ColRAD incorporates both the
role of characteristic cold-sprayed microstructure and experi-
mental true material properties. Data hidden inside pixels of im-
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Fig. 4 — Exact locations with nanometer resolution can be
probed for mechanical properties with the nanoindenter. Elas-
tic modulus, hardness, scratch resistance, damping, and more
can be obtained at the interior of cold-sprayed splats and jet-
ting boundaries due to its superior force resolution of 1 nN and
displacement resolution of 0.002 nm.

Fig. 5 — An In-situ picoindenter can probe into mechanical
properties inside an electron microscope, generating real-time
force data simultaneous to imaging. ColRAD researchers can
obtain a wealth of information about the deformation mechan-
ics of materials as they happen.

Fig. 6 — Multiscale modeling using microstructural finite ele-
ment analysis and digital image correlation techniques. Using
software such as OOF2 and ViC2D, data from pixels in images
and videos can be translated to mechanical response charac-
teristics such as stress, strain, and elastic modulus. 
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ages and videos take a new form into stress and strain. Using a
technique known as digital image correlation, the movement of
individual pixels during the deformation of coatings can be ana-
lyzed to understand their mechanical strength characteristics.
is is conducted using the software ViC2D, which can explore
hundreds of images and provide high-resolution deformation
data.

Conclusion

ColRAD is continuing its mission of advancing cold spray tech-
nology through research and development. It is also using its ex-
pertise to establish training and certification programs on coat-
ing technology. is will enable creating a strong foundation for
the next-generation science, technology, engineering, and math-
ematics workforce.

References

   1. Champagne Jr., V. K., Ozdemir, O. C., and Nardi, A. Eds.
2021. Practical Cold Spray. Springer, USA. DOI: 10.1007/978-3-
030-70056-0
   2. Wong, W., Irissou, E., Vo, P., Sone, M., Bernier, F., Legoux, 
J. G., Fukanuma, H., and Yue, S. 2013. Cold spray forming of 
Inconel 718. Journal of ermal Spray Technology 22: 413–421.
   3. Paul, T., Nautiyal, P., Zhang, C., Boesl, B., and Agarwal, A.

2021. Role of in-situ splat sintering on elastic and damping be-
havior of cold sprayed aluminum coatings. Scripta Materialia
204: 114125.
   4. Nautiyal, P., Zhang, C., Champagne, V. K., Boesl, B., and
Agarwal, A. 2018. In-situ mechanical investigation of the defor-
mation of splat interfaces in cold sprayed aluminum alloy. Mate-
rials Science and Engineering A 737: 297–309.
   5. Nautiyal, P., Zhang, C., Champagne, V., Boesl, B., and Agarw-
al, A. 2019. In-situ creep deformation of cold sprayed aluminum
splats at elevated temperatures. Surface and Coatings Technology
372: 353–360.
   6. Pitchuka, S. B., Lahiri, D., Sundararajan, G., and Agarwal, A.
2014. Scratch induced deformation behavior of cold sprayed alu-
minum amorphous/nanocrystalline coatings at multiple load
scales. Journal of ermal Spray Technology 23: 502–512.

Third Quarter 2021 / SPRAYTIME 11

Tanaji Paul (tpaul@fiu.edu) is research assistant professor, 
ColRAD Laboratory Department of Mechanical and Materials
Engineering; Cheng Zhang is research assistant professor; and
Arvind Agarwal is chair and distinguished university professor,
Mechanical and Materials Engineering, and director Advanced
Materials Engineering Research Institute, College of Engineer-
ing and Computing, Florida International University, Miami, Fla.

STQ3 - Paul Feature.qxp_Layout 1  8/16/21  9:17 PM  Page 11



ITSA and AWS C2 Committee on Thermal Spray
to Meet in Chicago

     e American Welding Society (AWS) C2 Committee on er-
mal Spraying will hold its Meeting on ermal Spray Standards
in Chicago, Ill., on September 14 at 9:00 a.m. CT. Members will
convene in the Lake Michigan room at Hilton Chicago & Towers.

e schedule includes presentations from the terms and defini-
tions as well as cold spray task groups, C2A Subcommittee on
Machine Element Repair, C2D Subcommittee on ermal Spray-
ing, C2F Subcommittee on ermal Spray Operator Qualifica-
tion, and more.
     In addition, the International ermal Spray Association
(ITSA) will gather for its annual membership meeting on 
September 15 at 1:00 p.m. CT inside Chicago’s McCormick 
Place (Room N231) during FABTECH. is will mark the first 
in-person meeting for ITSA since the 2019 3rd Annual Advanced
Coatings Symposium (Aerospace) and Annual Membership
Meeting. ere will be an opportunity to socialize with fellow
members of the industry following the ITSA meeting. To register
for the event, visit awo.aws.org/conferences/upcoming-conferences/
itsa-annual-membership-meeting-2021.

Wall Colmonoy and Strain Harden Celebrate
One-Year Partnership

     Wall Colmonoy and Strain Harden announced the one-year
anniversary of their Middle East strategic partnership for the
countries of United Arab Emirates and Saudi Arabia.
     On June 7, 2020, Wall Colmonoy reached a distributor part-
nership agreement with supplier Strain Harden to sell Col-

Industry News
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Pictured is ITSA’s last in-person meeting, which took place in
2019 during the 3rd Annual Advanced Coatings Symposium
(Aerospace) and Annual Membership Meeting.
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monoy® Surfacing Alloys, Nicrobraz® Brazing Alloys, ColWear
Wear Plates, and castings to the United Arab Emirates and Saudi
Arabia. e agreement strengthens Wall Colmonoy’s presence
and market coverage in the Middle East.
     Strain Harden is an in-Kingdom supplier and provides local
and commercial support as well as stocks product for quick 
delivery.
     “Customers are glad to hear that Wall Colmonoy now has a lo-
cal presence. ey are eager to use a product they know and
trust and have used in other parts of the world,” said Majd A.
Hosn, managing partner, Strain Harden.
     United Arab Emirates and Saudi Arabia accounts will be man-
aged by Strain Harden directly, with full technical and commer-
cial support by Wall Colmonoy for new and existing customers.

Oerlikon Balzers Collaborates with MTU to 
Coat Aero Engine Components

     Oerlikon Balzers, Balzers, Liechtenstein, a surface supplier
brand of the Oerlikon Group, has signed a ten-year contract with
MTU Aero Engines, a German aero engine manufacturer. e
agreement allows the surface company to apply MTU’s own 
erosion-resistant coating, ERCoatnt, on aerofoil components of
next-generation GTF™ aero engines used in the Airbus A320neo
aircraft. e coating will further improve the efficiency of this
engine. MTU Aero Engines is also partnering with Pratt & 
Whitney on this engine.
     With this long-term agreement, Oerlikon Balzers takes an-
other step forward in supplying advanced surface technologies

and coatings for the aerospace industry. MTU will profit from
the industrialization and expertise of a leading supplier of thin-
film physical vapor deposition (PVD) and its equipment portfo-
lio by enabling the delivery of consistent and repeatable product
quality in a short period of time.
     e long-term partnership between the two companies will
leverage their respective competencies and further contribute to
improving the efficiency of the PW1100G-JM aero engines by
providing erosion-resistant coatings for MTU’s high-pressure
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— continued on page 19

The contract between Oerlikon Balzers and MTU Aero Engines
will further improve the efficiency of the PW1100G-JM aero en-
gines by providing erosion-resistant coatings for MTU’s high-
pressure compressor aerofoils. (Photo courtesy of MTU Aero
Engine.)
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Remote Monitoring Service
Ensures Filter Life and
Reduces Operating Costs

     e iCue™ remote filtration service
monitors industrial dust collectors in real
time to help facility teams improve dust
collection maintenance and manage-

ment. e service allows customers to
improve compliance tracking and valida-
tion with its new particulate monitoring
sensor. Helping environmental, health,
and safety teams meet compliance, this
sensor continuously detects the amount
of particulate material in the outlet stack
of plant dust collectors, sending alarms if
particulate levels rise above defined pa-

rameters. Maintenance teams can then
quickly inspect if filters are damaged or  
installed improperly and resolve other
equipment issues leading to increased or
potentially unsafe particulate levels. Ad-
ditionally, the service tracks the filter
cleaning system in pulse-jet dust collec-
tors and detects if one or more of the
pulse-jets valves are malfunctioning.
Tracking and managing these proactively
allows the maintenance team to save
time, increase filter life, and reduce com-
pressed air and electricity waste. Recent
updates also make it possible to easily
share data with maintenance partners. A
“Partner View” feature allows customers
to grant the company’s network of certi-
fied dealers and service centers, or other
service providers, access to their service
dashboard, giving third-party mainte-
nance staff the ability to monitor real-
time performance data and quickly re-
spond to maintenance alerts. Finally, the
monitoring service is applicable with
dust collectors that operate using posi-
tive air pressure in addition to existing
negative air pressure systems, further ex-
tending the applications where the serv-
ice can be deployed across the factory.
e compact gateway and wireless con-
nection are simple to install, require no
IT integration with an internal automa-
tion network, and are compatible with
nearly all major dust collector brands. An
annual subscription includes hardware,
automated reports, real-time mainte-
nance alerts, and a web-based dashboard
with real-time and historical data.

Donaldson Co.
donaldson.com / (833) 310-0017

Website Makes It Easier to
Stock a Fabrication Shop

     American Torch Tip Co. upgraded web-
site adds a sharp new look and feel and
allows users to seamlessly navigate more
than 20,000 products and cost-saving 
solution.

Product Spotlight

SPRAYTIME / Third Quarter 202114

— continued on page 19

ST-prod-spotlight-3rd-quart.qxp_Layout 1  8/16/21  9:22 PM  Page 14



People in the NewsIn Memoriam
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Gregory T. Wahl of Johns Creek,
Ga., passed away on May 14. He was
65. A native of Lexington, Ky., Wahl
attended the University of Kentucky
for his undergraduate degree and the
University of Pittsburgh for his post-
graduate degree. After graduating with
a master’s degree in business adminis-
tration, he worked at Union Carbide
Coatings Service from 1979 to 1992.
He then joined Praxair Surface Tech-
nologies until 2007. e same year, he
went on to H. C. Starck North Ameri-
can Trading LLC as a regional sales

manager. He stayed on with North American Höganäs after their
acquisition of the Surface Coating Technologies division of H. C.
Starck, where he remained until his passing. Wahl loved Ken-
tucky basketball, Indy car racing, and horse races. He was incred-
ibly proud and supportive of his wife’s and children’s musical
pursuits and enjoyed attending their concerts. Most of all, he
loved reading the Word of God and sharing his Christian faith.
Wahl is survived by his wife, Ellen Wahl; son, Mark (Rebecca);
daughter, Catherine; brothers, David and Danny; sister, Karen;
as well as a niece, nephews, numerous cousins, and cherished
friends.

S. C. Modi, managing director of
Metallizing Equipment Co., India,
passed away on May 28. He was 71.
Born in Jodhpur, India, he graduated
from the University of Jodhpur in
1971 with a mechanical engineering
degree. In 1972, he joined his family
business along with his older brother
M. D. Modi. He developed surface en-
gineering technology in the areas of
thermal spraying, shot peening, and
abrasive blasting. He was a member of
the American Society of Materials.
Over the years, Modi contributed sev-

eral technical papers that were published in national and inter-
national magazines. He was a main sponsor of the Asian er-
mal Spray Conference held in Hyderabad, India, in 2014. He pro-
moted a world-class thermal spray laboratory accredited to ISO
172025:2017. He attended almost all international thermal
spray conferences held in the past 40 years and developed close
relations with the thermal spray community worldwide. Modi
was considered by some as the “father of the thermal spray in-
dustry in India” and served as a mentor to many within the in-
dustry worldwide. He is survived by his wife, Vandana; daughter,
Anubha; and son, Ankur.

Gregory T. Wahl S. C. Modi

Guidelines for submitting a SPRAYTIME® feature article

Have you though about writing a feature article for consideration in SPRAYTIME?

If so, our staff stays on the lookout for original, noncommercial, practical, and hands-on stories. Potential
ideas to focus on include a case study, recent company project, tips for handling a particular process, and so
on.

Here’s an easy breakdown of our guidelines:

•e text of the article should be about 1500 to 2000 words and provided in a Word document.

•Line drawings, graphs, and photos should be sent in high-resolution of 300 or more dots per inch.

•Plan on one figure for every 500 words, and provide captions for every image. Also, if a nice lead photo is
available, please include it for review.

•e authors’ names, along with the companies they work for and their positions, should be listed.

If you’d like to dicuss a particular idea or email a submission for evaluation, please contact Editor Cindy Weihl
at cweihl@thermalspray.org.
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In the last issue of SPRAYTIME®, I mentioned that the
International ermal Spray Association (ITSA) would be having
a virtual annual meeting again this year, but the executive board

has since had a change of heart.
As the country opened up and
many restrictions lifted, I am
happy to inform our membership
that we will have an in-person
meeting at FABTECH in Chicago,
Ill., this September. We had
originally thought it would be
prudent to have another virtual
meeting, but after getting
feedback from members, we
decided that FABTECH would be
a good meeting venue
considering that the American
Welding Society C2 Committee
on ermal Spray will be meeting

there as well. e Annual ITSA Membership Meeting will take
place on Wednesday, September 15, from 1:00 to 3:00 p.m. in
room N231 of the McCormick Place Convention Center. We will
also have a networking/social get-together directly after the
meeting. I am really looking forward to seeing as many of you as
possible! As things evolve and restrictions are lifted, I hope
everyone continues to stay safe as we resume conducting
business in the way we used to prior to the COVID-19 pandemic.
ings may not go back to being exactly the same (as there are
definitely new ways of conducting business), but I think we are
close to being out of the woods. 

ITSA MISSION STATEMENT

e International ermal Spray Association (ITSA), a
standing committee of the American Welding Society, is a
professional industrial organization dedicated to expanding the
use of thermal spray technologies for the benefit of industry and
society. ITSA invites all interested companies to talk with our
officers and company representatives to better understand
member benefits.

OFFICERS
     Chair: Ana Duminie, North American Höganäs 
     Vice-Chair: Mollie Blasingame, Superior Shot Peening & 
      Coatings

EXECUTIVE COMMITTEE 
(above officers plus the following)
     Jim Ryan, TechMet Alloys
     David A. Lee, David Lee Consulting LLC
     Bill Mosier, Polymet Corp.
     Peter Ruggiero, Curtiss-Wright Surface Technologies

ITSA SCHOLARSHIP OPPORTUNITIES

ITSA offers annual graduate scholarships. Since 1992, the
ITSA scholarship program has contributed to the growth of the
thermal spray community, especially in the development of

new technologists and engineers. ITSA is very proud of this
education partnership and encourages all eligible participants
to apply. Please visit thermalspray.org for criteria information
and a printable application form.

ITSA THERMAL SPRAY HISTORICAL
COLLECTION

In April 2000, ITSA announced the establishment of a
Thermal Spray Historical Collection that is now on display at
the State University of New York at Stony Brook in the Thermal
Spray Research Center.

Growing in size and value, there are now more than 30
different spray guns and miscellaneous equipment, a variety of
spray gun manuals, hundreds of photographs, and several
historic thermal spray publications and reference books.

Future plans include a virtual tour of the collection on the
ITSA website for the entire global community to visit. This is a
world-wide industry collection, and we welcome donations
from the entire thermal spray community.

ITSA SPRAYTIME

Since 1992, ITSA has been publishing SPRAYTIME for the
thermal spray industry. e mission is to be the flagship thermal
spray industry publication providing company, event, personnel,
product, research, and membership news of interest to the
thermal spray community.

JOIN ITSA

ITSA Membership is open to companies involved in all facets
of the industry — equipment and materials suppliers, job
shops, in-house facilities, educational institutions, industry
consultants, and others.

Engage with dozens of like-minded industry professionals at
the Annual ITSA Membership Meeting, where there’s ample
time for business and personal discussions. Learn about
industry advancements through the one-day technical
program, participate in the half-day business meeting, and
enjoy your peers in a relaxed atmosphere complete with fun
social events.

Build awareness of your company and its products and
services through valuable promotional opportunities — a
listing in SPRAYTIME, exposure on the ITSA website, and
recognition at industry trade shows.

Plus, ITSA Membership comes with an American Welding
Society (AWS) Supporting Company Membership and up to 
five AWS Individual Memberships to give to your best
employees, colleagues, or customers. Visit aws.org/membership/
supportingcompany for a complete listing of additional AWS
benefits.

For more information, contact Adrian Bustillo at 
(800) 443-9353, ext. 295, or itsa@thermalspray.org. For
an ITSA Membership application, visit the membership 
section at thermalspray.org.

ITSA Member News
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ITSA Membership Directory

Job Shop Member
Companies

Accuwright Industries Inc.
Gilbert, AZ
David Wright | dave@accuwright.com
(480) 892-9595 | accuwright.com

Atlas Machine & Supply Inc.
Louisville, KY
Richie Gimmel | richie@atlasmachine.com
(502) 584-7262 | atlasmachine.com

Bender CCP Inc.
Vernon, CA
Doug Martin | dmartin@benderus.com
(323) 232-2371 | benderccp.com

Byron Products
Fairfield, OH
Keith King | kking@byronproducts.com
(513) 870-9111 | byronproducts.com 

Cincinnati Thermal Spray Inc.
Cincinnati, OH
Kirk Fick | kfick@cts-inc.net
(513) 699-3992 | cts-inc.net

Curtiss-Wright Surface Technologies
Windsor, CT
Peter Ruggiero | peter.ruggiero@cwst.com
(860) 623-9901 | cwst.com

Ellison Surface Technologies Inc.
Mason, OH
John Langello
jlangello@ellisonsurfacetech.com
(513) 770-4928 | ellisonsurfacetech.com

Exline Inc.
Salina, KS
Brent Hilbig | b.hilbig@exline-inc.com
(785) 825-4683 | exline-inc.com

Fusion Inc.
Houston, TX
Jeff Fenner | jfenner@fusionhouston.com
(713) 691-6547 | fusionhouston.com

Hayden Corp.
West Springfield, MA
Dan Hayden | daniel.hayden@haydencorp.com
(413) 734-4981 | haydencorp.com

HFW Industries Inc.
Buffalo, NY
Matt Watson | mwatson@hfwindustries.com
(716) 875-3380 | hfwindustries.com

Kermetico Inc.
Benicia, CA
Andrew Verstak | averstak@kermetico.com
(707) 745-3862 | kermetico.com

Metcut Research Inc.
Cincinnati, OH
Triratna Shrestha | tshrestha@metcut.com
(513) 271-5100 | metcut.com

Nation Coating Systems
Franklin, OH
Pat Pelzer | patp@nationcoating.com
(937) 746-7632 | nationcoatingsystems.com

Praxair Surface Technologies 
(Indianapolis)
Indianapolis, IN
Michael Brennan | michael_brennan@praxair.com
(317) 240-2500 | praxairsurfacetechnologies.com

Sulzer
La Porte, TX
Garret Haegelin | garret.haegelin@sulzer.com
(281) 848-3700 | sulzer.com

Superior Shot Peening Inc.
Houston, TX
Mollie Blasingame
mmb@superiorshotpeening.com
(281) 449-6559 | superiorshotpeening.com

Supplier Member
Companies

AAF International
Louisville, KY
David Kolstad | dkolstad@aafintl.com
(800) 477-1214 | aafintl.com

Alloy Coating Supply
Spring, TX
Jeffrey Noto | jnoto@alloycoatingsupply.com
(281) 528-0980 | alloycoatingsupply.com

Ametek Inc.
Eighty Four, PA
Cindy Freeby | cindy.freeby@ametek.com
(724) 225-8400 | ametekmetals.com

Arc Specialties
Houston, TX
Daniel Allford | dan@arcspecialties.com
(713) 631-7575 | arcspecialties.com

Ardleigh Minerals Inc.
Beachwood, OH
Ernie Petrey | epetrey@ardleigh.net
(216) 464-2300 | ardleigh.net

Carpenter Powder Products
Pittsburgh, PA
Jason Simmons | jsimmons@cartech.com
(412) 257-5102 | carpenterpowder.com

CenterLine (Windsor) Ltd.
Windsor, ON, Canada
Julio Villafuerte | julio.villafuerte@cntrline.com
(519) 734-8464 | supersonicspray.com

Dewal Industries Inc.
Narragansett, RI
Rebecca Auger | rebecca.auger@rogerscorp.com
(401) 789-9736 | rogerscorp.com

Donaldson Torit
Minneapolis, MN
Paul Richard | paul.richard@donaldson.com
(603) 343-2448 | donaldsontorit.com

Global Tungsten and Powders Corp.
Towanda, PA
Laura Morelli
laura.morelli@globaltungsten.com
(570) 268-5182 | globaltungsten.com

Haynes International
Mountain Home, NC
Brandon Furr | bfurr@haynesintl.com
(713) 937-7597 | haynesintl.com

Imerys Fused Minerals
Greeneville, TN
Mitch Krieg | mitch.krieg@imerys.com
imerys.com

Imperial Systems
Jackson Center, PA
Jeremiah Wann | jwann@isystemsweb.com
(724) 992-1721 | isystemsweb.com
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Lincoln Electric
Cleveland, OH
omas Brown
thomas_brown@lincolnelectric.com
(216) 383-2951 | lincolnelectric.com

Lineage Alloys
Baytown, TX
Scot Miller | smiller@lineagealloysllc.com
(281) 426-5535

Metallisation Ltd.
Dudley West Midlands, United Kingdom
Stuart Milton | sales@metallisation.com
+44 1384 252464 | metallisation.com

Metallizing Equipment Co. Pvt. Ltd.
Jodhpur, India
Ankur Modi | ankur@mecpl.com
+91 0291 2747601 | mecpl.com

Midwest Thermal Spray
Farmington Hills, MI
Alex Pocket | ap@midwestthermal.com
(248) 442-6540 | midwestthermal.com

North American Höganäs
Hollsopple, PA
Andy Hoffman | andy.hoffman@nah.com
(814) 361-6875 | hoganas.com

Oerlikon Metco (US) Inc.
Westbury, NY
Karen Sender | karen.sender@oerlikon.com
(516) 334-1300 | oerlikon.com/metco

Polymet Corp.
West Chester, OH
Bob Unger | runger@polymet.us
(513) 874-3586 | polymet.us

Praxair Surface Technologies
Concord, NH
Richard orpe | richard_thorpe@praxair.com
(603) 224-9585
praxairsurfacetechnologies.com

Rockwell Carbide Powders
Ontario, Canada
Frank Shao | sales@rockwellpowders.ca
(905) 470-8885 | rockwellpowders.ca

Saint-Gobain Ceramic Materials
Worcester, MA
Shari Fowler-Hutchinson
shari.fowler-hutchinson@saint-gobain.com
(508) 795-2351
coatingsolutions.saint-gobain.com

Techmet Alloys LLC
Sealy, TX
James Ryan | j.ryan@techmet-alloys.com
(979) 885-7180 | techmet-alloys.com

Thermach LLC
Appleton, WI
Tim Vanden Heuvel
timvandenheuvel@thermach.com
(920) 779-4299 | thermach.com

Thermion
Silverdale, WA
Dean Hooks | dhooks@thermioninc.com
(360) 692-6469 | thermioninc.com

Associate Member
Organizations
Advanced Materials and 
Technology Services Inc.
Simi Valley, CA
Robert Gansert | rgansert@adv-mts.com
(805) 433-5251

Airglide
Fort Lauderdale, FL
John Dixon | jdixon@airglide.expert
(954) 249-0127 | airglide.expert

David Lee Consulting
Ligonier, IN
David Lee | dlee@daltsc.com
(574) 849-3636

Florida Institute of Technology
Melbourne, FL
Frank Accornero | faccornero@fit.edu
(386) 506-6900 | fit.edu

Florida International University
Department of Mechanical and
Materials Engineering
Miami, FL
Dr. Arvind Agarwal | agarwala@fiu.edu
(305) 348-1701 | mme.fiu.edu

Mason Global Management LLC
Killingworth, CT
Richard P. Mason
rmason@masonglobalmanagementllc.com
(724) 554-9439
masonglobalmanagementllc.com

The Mozolic Group
Londonderry, NH
Jean Mozolic | jean.mozolic@comcast.net
(508) 254-4375

State University of New York at 
Stony Brook
Stony Brook, NY
Sanjay Sampath | ssampath@ms.cc.sunysb.edu
(631) 632-8480 | ctsr-sunysb.org

Stronghold Coating Systems
Franklin, OH
Larry Grimenstein | strongholdone@cs.com 
(937) 704-4020 | strongholdone.com

Supporting Member
Societies
DVS, The German Welding Society
Jens Jerzembeck
jens.jerzembeck@dvs-hg.de
die-verbindungs-spezialisten.de

GTS E.V., The Association of 
Thermal Sprayers
Werner Kroemmer | werner.kroemmer@gts-ev.de
+49 89 31001 5203 | gts-ev.de

Institute of Materials Malaysia (IMM) 
Johar Juhari | johar_juhari@petronas.com.my
(603) 5882-3584 | iomm.org.my

Japan Thermal Spray Society (JTSS)
Nick Yumiba | jtss@mb8.seikyou.ne.jp
+81 6 6722 0096 | jtss.or.jp

Metal Powder Industries 
Federation (MPIF) 
James R. Dale | jdale@mpif.org
(609) 452-7700 | mpif.org

Surface Engineering for Advanced
Materials (SEAM) 
Christopher Berndt | cberndt@swin.edu.au
61(0)4 28 237 638 | arcseam.com.au

Thermal Spraying Committee of
China Surface Engineering
Association (TSCC)
Huang Xiao | xiaoou@chinathermalspray.org
+86 10 64882554 | chinathermalspray.org
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compressor aerofoils. e Oerlikon Balzers INNOVENTA giga
with arc evaporation technology will ensure high-quality coat-
ings of MTU’s components. It is the largest of the high-tech 
INNOVENTA coating systems and is an ideal platform for coat-
ing large components, allowing accommodation of workpieces
higher than 1.7 m with a substrate diameter of up to 0.7 m and 
a loading capacity of up to 3000 kg.

Mahr Advances Its Air Gaging Capabilities

     Mahr Inc., Providence, R.I., a global manufacturer of preci-
sion measurement equipment used for dimensional metrology,
has invested in manufacturing technology, process and product
improvements to enhance performance for air gage tooling and
masters.
     e company has bought new manufacturing machines and
employed a proprietary process in intelligent part programming
to produce standard air plugs and their configurations more effi-
ciently. e result will be shorter lead time and faster deliveries
to customers.
     “Mahr is starting to date orders for air plugs going through
its new standard configuration process with an uncertified mas-
ter for two-week delivery or three weeks with a certified master,”
said George Schuetz, director of precision gages at Mahr. “Simi-
lar delivery improvements will also be seen for larger quantities
of these standard configuration air plugs.”
     Air tooling is designed for use on the shop floor in some of the

harshest manufacturing
environments, often
measuring countless
numbers of inside and
outside diameters and
lengths over the life of the
part manufacturing cycle.
Air gaging is also used 
for measuring pump bar-
rel rods or in automatic
gaging operations where
millions of cycles are 
common.

e company is now
coating its air tools with
a new physical vapor dep-

osition AlCrN-based coating that offers superior wear character-
istics, which is ideal for improving the life performance of air
tooling in production environments. e new coating replaces
environmentally harmful chrome plating that was previously
used for high-wear applications. It provides excellent hardness
and shock resistance.
     e coating is dark grey in color, distinguishing the new 
plug with its new appearance. Even in high humidity, it provides
ideal wear- and rust-prevention results. is new coating process
will continue to be implemented throughout the company’s 
air tooling line of products in the future.

e website features testimonials, brochures, technical guides,
cut charts, blog articles, and e-catalogs for gas metal arc and gas
tungsten arc welding; plasma, oxyfuel, and laser cutting; and
thermal spray. Users can request a catalog, view schematics,
learn about product solutions, and browse the company’s entire

product offering and request a quote with the click of a button.
A live chat feature is also available during business hours.

American Torch Tip Co.
americantorchtip.com / (800) 342-8477
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Mahr has made significant invest-
ments to improve deliveries and
performance of its air gage prod-
uct line.
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We’ve Come a Long Way…
For more than 70 years our history has been synonymous with 

thermal spray innovation, education, and standards 
development. As we celebrate this milestone and the progress 
we’ve made over the years, we invite you to learn more about 

us and our impact on the thermal spray industry.

Read our history at go.aws.org/AboutITSA 

or find out more about us at go.aws.org/itsavid
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