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     ermal barrier coatings (TBCs) manufactured via air plasma
spray (APS) provide thermal insulation from the hot combustion
gas stream to the metallic parts located in the hot sections of gas
turbine engines; (e.g., combustion chambers). A thermally
sprayed TBC system typically exhibits a bilayered structure,
which includes a ceramic top coat and a metallic MCrAlY (M =
Ni, Co, NiCo, or CoNi) bond coat (Ref. 1). e ceramic top coat
(e.g., ZrO2-7–8 wt-% Y2O3, also known as YSZ) provides thermal
insulation and reduces the heat flow to the turbine metallic part.
e bond coat is an oxidation- and corrosion-resistant metallic
layer. It protects the underlying component and improves the
adhesion of the ceramic top coat to the part (Ref. 1).
     Air plasma spray YSZ TBC research and development is al-
ways a hot topic. ere are many publications on the main char-
acteristics, properties, and performances of current APS YSZ
TBCs and how to improve performance. However, the subject of
improving the deposition efficiency (DE) of YSZ powders during
APS processing and reducing manufacturing waste is almost
neglected in open scientific literature studies. is subject is be-
coming more important due to the economic pressures that are
being faced by the industry and the increasing cost of powders
during the COVID-19 pandemic.
     One of the key changes needed to significantly increase the

DE of YSZ powders is to replace the traditional argon (Ar)-based
plasmas with nitrogen (N2)-based ones in APS processing. 
However, there are different historical concerns and even cultur-
al barriers to overcome in addition to investments needed to
make this change a reality. is article will discuss the barriers to
and misunderstandings about the use of N2 as a main plasma gas
and highlight the possibilities this change can bring. But initial-
ly, it is necessary to explain the key differences between the 
two plasmas.

Ar-Based and N2-Based Plasmas: 
Key Differences

     Plasma is a cloud of ionized gas formed by positive ions and
free electrons. To create a plasma in APS torches, an initially
nonionized gas, for example, Ar or N2, flows between the cath-
ode and anode (electrodes). Subsequently, an electric field (volt-
age) is applied between the electrodes. When the breakdown
voltage (energy input) is achieved, a current can be maintained
as the free electrons and ions move along the ionized gas. As the
plasma gas propagates throughout the torch nozzle to the ambi-
ent away from the energy input, the electrons and ions recom-
bine, thereby releasing energy in the form of heat and light.
Specifically regarding APS torches, Ingham Jr. and Fabel (Ref. 2)
discussed some of the key differences between Ar- and N2-based
plasmas regarding how powder particles are melted during
spraying. Figure 1 shows the enthalpy, or total heat content, of
main APS torch gases vs. gas temperature values (Ref. 2).
     Monoatomic gases, such as Ar, undergo ionization and subse-
quent deionization. Diatomic gases, such as N2, undergo dissoci-
ation followed by ionization and subsequent deionization and
recombination. From Fig. 1, it can be inferred that N2 plasma
achieves electrical conductivity to sustain thermal plasma at
temperatures below 10,000 K (~10,000C). For Ar, the electrical
conductivity to sustain thermal plasma begins at temperatures
higher than 10,000 K, when the Ar enthalpy shows a sudden
steep increase. erefore, N2 becomes an effective plasma gas for
melting powder particles because of the high heat content avail-
able. Argon becomes an effective heating plasma gas for melting
powder particles because of its high temperature.
     Additionally, Murphy and Arundell (Ref. 3) showed that the
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Fig. 1 — Plasma temperature as a function of gas energy
content.
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thermal conductivity of an Ar plasma at temperatures of
10,000–17,000 K (Fig. 1) reached a maximum of ~2.5 W/mK.
However, that of a N2 plasma reached a maximum of ~5.5 W/mK
at temperatures of 5000–10,000 K (Ref. 3). erefore, Fig. 1
shows that at the peak of their respective thermal performances,
the N2 plasma exhibits essentially twice the thermal conductivi-
ty of the Ar plasma. For this reason, compared to the Ar plasma,
the higher thermal conductivity levels of the N2 plasma improve
its capability to melt thermally sprayed particles.
     Another important factor in the capability to melt powder
particles during APS deposition is plasma velocity (Ref. 2). Plas-
ma velocity controls the dwell time of the powder particles in
the plasma plume during spraying. e temperatures shown in
Fig. 1 allow a discussion of plasma velocity levels. Initially it is
necessary to consider the ideal gas law V  (nRT)/P, where V is
gas volume, n is number of moles, R is gas constant, T is gas
temperature, and P is gas pressure. e velocity of a plasma
plume is primarily caused by the rapid volume expansion result-
ing from the temperature to which the gas is heated by the
torch. Figure 1 shows that Ar plasma temperatures are higher
than those of N2 plasmas. For this reason, the velocities of Ar-
based plasmas tend to be higher than N2-based ones. As the ve-
locity of the powder particles is proportional to the velocity of
the plasma gas (via dragging), N2-based plasma-sprayed particles
will exhibit lower velocity levels than those sprayed via Ar-based
plasmas under similar conditions of power, flow, and spray dis-
tance. e combination of these gases produces the different
particle melting conditions via plasma enthalpy, plasma temper-
ature, plasma thermal conductivity, plasma velocity, and particle
dwell time in the plasma plume.
     Marple et al. (Ref. 4) looked at this issue in more detail. A
commercially available YSZ TBC powder was sprayed via a legacy
APS torch, the Metco 9MB, made by Oerlikon. Using different
spray parameters but under similar conditions of power and
flow, a total of 10 and 12 YSZ TBCs were sprayed via Ar-H2 and
N2-H2 plasmas, respectively. e summary of the results can be
found in Table 1. Consequently, the study by Marple et al. cor-
roborated previous findings (Refs. 2, 3). It showed that Ar-based
plasmas induced higher particle velocities and lower particle
temperatures when compared to N2-based ones under similar
conditions of power, flow, and spray distance. is study 
also showed the important advantage of using N2-H2 plasmas 
to increase the deposition efficiency of YSZ powders for TBC
production.
     Other studies showed the same trend when legacy APS torch-
es, like the 3MB (Ref. 5) and 9MB (Ref. 6), were employed to
spray YSZ. e YSZ DE values for Ar-H2 plasmas were in the
range of 30–43% whereas those for N2-H2 plasmas reached
53–62% without causing a drop in TBC performance with re-
spect to thermal conductivity or thermal cycling.
     It needs to be stated that the H2 and He typically employed as
a secondary gas for the legacy APS torches have the practical ef-
fect of increasing the thermal conductivity (i.e., thermal efficien-
cy) of the Ar and N2 primary plasmas (Ref. 2). However, they do
not significantly affect the fundamental heating and momentum

of the primary gas. Due to its high cost, He is now being avoided
in the industry.

A Perspective on Ar-Based and N2-Based
Plasmas on TBCs

     Legacy APS torches (for example, 3MB, 9MB, F4, and varia-
tions of these) were the main ones commercially available for the
gas turbine industry when TBCs were implemented during the
1980s. At that time, plasma gas flow and current were set by
manually adjusting via the human eye, rotameters, and knobs.
e flow of plasma gases, torch power, and torch cooling were
not recorded during spraying. ere were no commercial sensors
to measure thermal spray particle temperature and velocity, and
APS copper nozzles without tungsten lining were the only ones
available. Consequently, it is easy to imagine that thermal spray
processing 40 years ago lacked reliability and reproducibility.
Under these circumstances, the initial parameter sets and spec-
sications for TBCs were written. Moreover, it needs to be re-
membered that legacy APS torches are still limited to work at
maximum power levels of 40–80 kW with a maximum limitation
of YSZ powder feed rate of 60 g/min for an Ar-based plasma.
is issue put restraints on productivity.
     As shown in Table 1, N2-H2 plasmas can induce much higher
deposition efficiency levels than Ar-H2 plasmas. In spite of that,
this author did not find any official reference for why Ar-H2 plas-
mas were preferred over N2-H2 ones for the legacy APS torches
(regarding the early TBC specs). Nonetheless, by anecdotal evi-
dence (informal statements from members of the thermal spray
community), it seems that Ar-H2 plasma was preferred mainly
due to its lower probability of eroding the copper nozzles (an-
odes) of the torches, thereby minimizing the potential of copper
spitting and contamination of the TBC structure. El-Zein et al.
(Ref. 7) have shown that under similar gas flow levels, the cur-
rent density (A/cm2) of a N2 plasma is ~25% higher than that of
an Ar one. Higher current density is linked to higher heat load of
the anode wall and, thus, its erosion. At the same time, once a
process is set and specs are written, it is expensive to change and
qualify new processes and write new specs, particularly for the
gas turbine industry. For this reason, YSZ TBCs sprayed via Ar-
H2 plasmas have remained the mainstream plasma system for
legacy APS torches for the last 40 years.
     More-modern high-enthalpy APS torches are another alter-
native that can be explored. ese torches are able to handle
power levels of approximately 100 kW (or even superior values)
and are typically designed from the get-go to operate with N2-
based plasmas. e combination of elevated plasma power levels
( 100 kW) with N2 high-enthalpy plasma gas has the potential
to significantly improve the manufacturing of YSZ TBCs by 
concomitantly enhancing YSZ DE levels to  50% (i.e., reducing
waste) and allowing YSZ powder feed rates of 100 g/min (or
higher), thereby reducing the time needed to have a component
coated. In addition to providing improved DE, the cost per cubic
meter of the N2 gas is ~25% lower than that of the Ar at the
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Table 1 — Summary of the Particle Temperature, Velocity, Spray Distance, and Deposition Efficiency Values for Ar-H2 and N2-H2 Plasmas for YSZ
Using a 9MB APS Torch (Ref. 4)

     Plasma                                             Particle Temperature                                   Particle Velocity                                    Spray Distance                      YSZ Deposition Efficiency
                                                                                    Range                                                               Range                                                        Range                                                     Range

        Ar/H2                                                         2500–2780°C                                               130–160 m/s                                             11–17 cm                                               10–38%
        N2/H2                                                        2550–3100°C                                                 70–120 m/s                                               11–17 cm                                                 5–70%
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same high purity levels, which improves even further the manu-
facturing efficiency. Regarding this subject, the high-enthalpy
Axial III Plus, made by Mettech, was employed to spray YSZ at
100 g/min (Ref. 8). e torch was operated at ~100 kW using an
N2-H2 plasma. e YSZ DE exhibited an impressive value of 70%.
is exact same set of optimized spray parameters was used to
manufacture the identical YSZ TBC but with two distinct YSZ
thickness levels: 420 and 930µm. In spite of the high YSZ feed
rate and DE levels, the YSZ TBC revealed a 14% porous, conven-
tional-looking microstructure without segmented cracking or
horizontal delamination at both thickness levels. e bond
strength values measured via ASTM C633, Standard Test Method
for Adhesion or Cohesion Strength of ermal Spray Coatings, for
the 420- and 930-µm-thick YSZ TBCs were ~13 and ~12 MPa,
respectively, which are at the upper end of values reported in the
literature for APS YSZ TBCs. In addition, this manuscript esti-
mated the cost to coat a part by changing from an Ar-H2 legacy
APS torch (60 g/min YSZ feed rate at 43 kW and 42% DE) to the
N2-based high-enthalpy one (i.e., the Axial III Plus). ere was a
reduction of 66% in processing time, 44% in YSZ feedstock con-
sumption, 21% in plasma gas cost, 44% in electricity cost, and
60% in total manufacturing cost when employing the N2-based
high-enthalpy torch. ese initial results are promising regard-
ing the possibility of considerably improving the manufacturing
efficiency of porous YSZ TBCs by using high-enthalpy N2-based
APS torches (Ref. 8).

Environment, Economics, and Reality 
in the 21st Century

     According to Sampath et al. (Ref. 9), in 2011, approximately
1–1.5 million kg of YSZ were deposited onto engine components
via APS. Considering that the majority of this material was most
likely sprayed via legacy torches (i.e., Ar-H2 plasma), we can as-
sume that at least 50% of the sprayed YSZ was not deposited on
the components due to low DE levels. In other words, at least
0.5–0.75 million kg of YSZ were lost in dust collectors and venti-
lation systems that year. In addition, it is important to highlight
that lost YSZ powder cannot be recycled for further thermal
spray applications. Moreover, attempts to recycle thermal spray
ceramic powders caught up in dust collectors to other applica-
tions have been timid at best. ese facts seem to be unrealistic
under today’s realities. For this reason, it is thought that deposi-
tion efficiency values lower than 50% may no longer be accepted
by the industry in the near future.

Conclusion

     e 21st century is bringing a revolution in terms of environ-
ment, economics, and data. Environmental laws are getting
tougher and companies are facing stiffer competition to improve
the quality of their products without causing more harm to the
climate. Powder prices are increasing and higher demand for in-
creasing productivity with a reduction in cost and environmen-
tal footprint is paramount. Today, in modern processing sys-
tems, APS torches, even legacy ones, are computer controlled.
Tungsten-lined copper nozzles, which provide a higher process-
ing security against TBC contamination during spraying and im-
prove nozzle longevity, for the still highly employed legacy APS
torches are being commercialized. In addition, state-of-the-art
high-enthalpy plasma torches, and even cascade plasma torches,
are now available. erefore, the combination of the use of these

technologies and N2-based plasmas for APS TBC manufacturing
are paramount to enhance powder feed rates while at the same
time increasing DE levels of materials like YSZ to above 50% and
maintaining coating quality and matching specs. An investment
in new hardware, equipment, testing specifications, and educat-
ing engineers/technicians is necessary for a transition from Ar-
to N2-based plasmas in APS YSZ TBC manufacturing. But un-
questionably, it is a win-win situation. Improving productivity
and reducing waste are key factors at this moment.
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     Legacy plasma torches (such as the 
F4 and 3MB) and newer, cascade-based
designs (like the TriplexProTM-210 and
SinplexProTM), all manufactured by Oer-
likon Metco — lead the air plasma spray-
ing (APS) market with a market share of
more than 95%. All of these torches are
primarily designed for operation with ar-
gon (Ar) as the primary plasma gas. Ar-
based plasmas generate relatively low
heat flux to the anode as well as to the
walls of the plasma passage due to the
wide spread of the anode arc root attach-
ment. us, the longevity of these torch-
es is relatively good up to some critical
level of plasma enthalpy, which is dis-
cussed in detail  below. 
     Most APS coatings have been devel-
oped using Ar-based plasmas with nitro-
gen (N2), hydrogen (H2), or helium (He)
secondary gases to generate more plasma
power and enthalpy. ese plasmas and
related technologies and coatings have
been under extensive research and devel-
opment during the more than 60 years
since APS processes first received multi-
ple applications and approvals in differ-
ent industries, including power genera-
tion, aviation, semiconductors, oil and
gas, automotive, and others.
     Market requirements have been con-
tinually evolving with an increased need
for cost reduction programs, advanced
coatings, and higher efficiency and pro-
duction rates. However, APS technologies
that were developed using Ar-based plas-
mas have reached their peak maturity

over the long course of plasma technolo-
gy development. erefore, more time
and resources are needed to meet advanc-
ing market needs using these same plas-
mas. In some cases, that is impossible. 
As a result, development stagnation 
can be observed in current APS-related
applications and technologies.
     To ensure further growth, the APS in-
dustry requires next-generation torches
and systems that are capable of generat-
ing more-efficient plasmas, with flexible
choices of plasma gases and operating pa-
rameters needed to progress APS to ad-
vanced applications and coatings. is 
article is an introduction to the single
cathode/single anode, cascade-based C+

plasma family of torches that are capable
of generating both argon- and nitrogen-
based plasmas, including high-enthalpy
N2-H2 plasmas.

Reconsidering Nitrogen

     Molecular-gas-based plasmas and,
specifically, N2-based plasmas have
demonstrated higher thermal efficiency
and better heat transfer to the spraying
feedstock. is is partially explained by
the low radiation losses of N2-based 
plasmas in comparison with the exten-
sive radiation losses in Ar-based plasmas
(Ref. 1). Figure 1 shows that Ar-based
plasmas exiting a torch are very short
and bright due to extensive radiation
losses, while N2-based plasmas are signif-
icantly longer, providing longer dwell

time and better heat transfer to the feed-
stock. As a result, better coating quality
and deposition efficiency have been ob-
served in N2-based plasmas (Refs. 2–4).
In trials using even 3MB and 9MB legacy
torches, deposition efficiency was about
two times better for N2-based plasmas,
and the total estimated cost reduction
due to the replacement of Ar-based plas-
ma with N2-based plasma, in the case of
yttria-stabilized zirconia (YSZ) porous
thermal barrier coatings (TBCs), was 55%
(Refs. 3, 4). However, only the 200-kW
PlazJet high-power thermal spray system
has demonstrated the capability to reli-
ably generate N2-H2 plasmas having at
least a moderate level of plasma enthalpy
with a maximum value of 30 kJ/g.
     All torches designed to handle Ar-
based plasmas have demonstrated very
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Fig. 1 — A — Ar-H2 plasma generated
by F4; B — N2-H2 plasma generated by
C+ plasma.
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low robustness and longevity when used
with N2-based plasmas and, specifically,
with high-efficiency N2-H2 plasmas (typi-
cally a few hours of stable operation).
is is explained by the very concentrat-
ed anode arc root attachment of N2-H2
and similar plasmas that result in ex-
tremely high heat flux to the anode and
some areas of the plasma chamber. is
high heat flux causes high erosion and,
consequently, low lifetimes of electrodes,
nozzles, and even neutrodes in cascade
design. erefore, the design of torches
capable of generating high-enthalpy N2-
based plasmas requires specific solutions
to overcome the challenges of dealing
with the generation of these plasmas.

Novel Torch Design

     Extensive analysis and preliminary ex-
periments have demonstrated that plas-
ma wall stabilization (cascaded approach)
combined with the double swirl and oth-
er plasma stabilization means permit
new gun designs to efficiently and reli-
ably generate N2-based plasmas, includ-
ing high-efficiency/high-enthalpy N2-H2
plasmas. e general schematic of such
an approach in the C+ plasma design is 
depicted in Fig. 2.
     When igniting the torch, the pilot arc
is initiated between a cathode and a pilot
insert. e pilot arc ionizes the gases in a
plasma passage between the cathode and
the anode, facilitating the subsequent
initiation of the main arc attached to the
anode. e C+ plasma torches have multi-
ple nozzle options, including high and
low plasma velocity configurations. e
torch’s design also allows customizations,
including the use of plasma extensions
for interior diameter and confined space
applications. 
     Figure 3 shows two standard C+ plas-
ma options: Model 3 for up to a 
90-kW power level and Model 5 for up 
to a 120-kW power level. A standard,
commercially available power source re-
quiring no modifications can be used for
both power options. Typical C+ plasma
amperage settings do not exceed
400–450 A, and typical voltages range up
to 250–260 V. Remarkably, in this case,
anode longevity is about 40–50 h while
generating high-enthalpy N2-H2 plasmas.
e longevity of cathode and neutral in-
serts is significantly higher, about 150 h
or more. Additionally, there is an option-
al Model 7 design capable of operating at
up to 350–400 V. 
     For further discussion of the advan-
tages of this approach, it is important to

estimate the entire operating window
theoretically possible for atmospheric
plasma spray (APS) processes and to proj-
ect the theoretical capability of Ar- and
N2-based plasmas.
     Radiation heat losses, mentioned
above, depend mainly on plasma temper-
ature and contribute the significant por-
tion of total heat losses in plasma torches
operating at high plasma temperatures. 
It was shown that at approximately
12,000 K, the total radiative heat flux
reaches the level of about (0.5–1) 1010

W/m3 (Ref. 5). Due to these extreme heat
losses, a further increase of plasma ener-
gy and, consequently, plasma tempera-
ture, wouldn’t result in any appreciable
improvement of feedstock heating or ac-
celeration. However, this level of heat
loss results in the overheating of hard-
ware and possible hardware damage.
us, the 12,000–13,000 K range of plas-
ma temperatures was named the temper-
ature radiation threshold (RT) (Ref. 1).
Figure 4 illustrates plasma enthalpy as a
function of plasma temperature for dif-
ferent plasmas. It shows that the Ar-
based plasmas achieve RT at the enthalpy
E 18–25 kJ/kg, and the nitrogen-based
plasmas achieve RT at E  65 kJ/kg. 
      Figure 5 illustrates the estimated oper-
ating windows for APS processes in terms

of plasma enthalpy. e two vertical
columns indicate the corresponding RT of
Ar- and N2-based plasmas. Accordingly, the
entire operating window could be divided
into two major areas. Applications of Ar-
based plasma are efficient and practical in
the first area only when enthalpies don’t
exceed the Ar radiation threshold. N2-
based plasmas could also be used in this
area of low enthalpies if needed; for exam-
ple, high-velocity N2-based plasmas. 
      e second area is located at enthalpies
between 25 and 65 kJ/g. Within this
range, predominant N2-based plasmas
could be used efficiently. Currently, the re-
liable generation of N2-H2 plasmas with
the acceptable longevity of hardware has
only been demonstrated by PlazJet with a
maximum value of the achieved enthalpy
of 30 kJ/g. C+ plasma has been demon-
strated to be capable of operating at a
plasma enthalpy of up to 60 kJ/g, thus
doubling the APS operating window. It
may be noted that even very limited data
regarding advanced coatings sprayed in
this new operating region have shown
substantial opportunities for advanced
APS coatings and applications. 

C+ Plasma Coatings

     Flame Spray Group, Milan, Italy, was
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Fig. 3 — C+ plasma options: A — Model 3; B — Model 5.

Fig. 2 — General schematic of a C+ plasma torch.
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the first industrial organization to imple-
ment C+ plasma in both research and
coating production in the United States
and Europe. Some initial results were
published in “High Stability, High En-
thalpy APS Process Based on Combined
Wall and Gas Stabilizations of Plasma
(Part 1: Process and Coatings Introduc-
tion)” (Ref. 6). 
      Figure 6 illustrates a dense, segmented
TBC sprayed by 69% N2–31% H2 plasma
having approximately 55 kJ/g enthalpy.
e coating was sprayed by YSZ fused-
crushed powder 825.001 (45/22 m)
manufactured by H.C. Starck, and the
deposition efficiency was measured at ap-
proximately 75–80%. Similarly, this high
deposition efficiency has been achieved
with other traditional dense ceramic 
coatings, such as Al2O3 and Al2O3 – TiO2.
Ar-based, commercially available cascade
torches have demonstrated deposit effi-
ciencies of only 50–54% with similar
spray distances of about 110–120 mm
while spraying dense, segmented coatings
(Ref. 7). Legacy torches have demonstrat-
ed even lower deposition efficiencies.
     Fused-crushed powders require higher
plasma enthalpy compared with plasma-
densified powder. However, the coatings
sprayed by the fused-crushed powders
have a lower tendency to form undesir-
able horizontal cracks. Additionally, the
use of fused-crushed powder results in
low TBC surface roughness. For example,
the surface roughness for the as-sprayed
coating presented in Fig. 6 was within a
range of 3–4 µm. e crack density was

35–45 cracks per inch and remained sta-
ble within spray angles of 55 to 90 deg.
e bond strength was up to
9000–10,000 lb/in.2 (62–69 MPa). 
     Special attention was dedicated to the
development and implementation of ad-
vanced MCrAlY bond coats (Ref. 6). C+

plasma-sprayed coating systems consist-
ing of porous TBC sprayed above the
MCrAlY bond coats went through acceler-
ated cycling oxidation tests at 1120°C in
air at the Institute for Energy and Cli-
mate Research, Jülich, Germany. Bond
coatings were also sprayed by high veloci-
ty oxyfuel spraying (HVOF), conventional
plasma, and vacuum plasma spraying
(VPS) technologies for comparison. Re-
sults did show that the relative lifetime
(RL) of systems sprayed by C+ plasma 
are similar to the RL of coatings with 
vacuum-plasma-sprayed bond coats and
significantly above the RL of bond coats
sprayed by legacy plasma (3 MB from

Oerlikon Metco) and HVOF (JP5000 by
Praxair TAFA). At least the following two
factors could be attributed to the per-
formance of C+ plasma-sprayed bond
coating: 

     • Lamellae formed within the bond
coats that had multiple areas exhibiting
metallurgical bonding with each other
and with the substrate due to the high
temperature of the MCrAlY particles. 
Areas with metallurgical bonding provide
low resistance to Al diffusion.

     • High surface roughness of about
12–15 m and relaively low oxide con-
tent promote adhesion of the TBC top
coat and cohesion of the bond coat, 
respectively.

     Such performance of C+ plasma-
sprayed bond coats should be especially
promising in applications in which bond
coat/TBC systems should be sprayed on
large parts, such as combusters, transi-
tion pieces, large vanes, and blades not
feasible for low-pressure plasma spray-
ing/VPS bond coats. In this case, imple-
mentation of C+ plasma with nitrogen-
based plasmas should result in cost re-
duction, quality, and lifetime improve-
ments. 
      It should be noted that the major part
of initial studies have been mainly 
focused on TBC coating systems. Only a
very limited amount of application oppor-
tunities have been considered thus far.
However, even this small amount of infor-
mation has proven that the C+ plasma
process and torches could create signifi-
cant opportunities for the plasma spray
community and its industrial customers. 

Conclusion

     While conventional plasma spraying
technology has largely reached full matu-
rity and even stagnation, the importance
and utility of this technology’s role in the
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Fig. 4 — Radiation threshold illustration with different Ar- and N2-based plasmas.
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industry remains strong. e plasma
coating process is efficient and durable
and is embedded in a broad range of in-
dustries. It has also remained limited in
its capability for technological advance-
ment because of a lack of understanding
of and appreciation for the physics that
underlie the process. A consideration of
the nature of enthalpy in plasma spraying
and the means for generating and sus-
taining the efficient transfer of heat from

the plasma plume to the feedstock has
dramatically expanded the practical oper-
ating range of APS. e specific features
of the novel C+ plasma torch design have
permitted the utilization of this expand-
ed range in a way that is both commer-
cially practical and offers substantial
technical improvements and economic ef-
ficiencies. is development has more
than doubled the operating envelope of
the process and will permit rapid explo-

ration of the capabilities of plasma spray-
ing and has done so in a way that has 
already proven itself to be commercially
viable in a production setting. 
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Fig. 6 — Illustration of a bond coat and dense segmented TBC sprayed by C+ plasma
Model 5.

Vladimir Belashchenko (vbelashchenko@comcast.net) is president of Thermal Spray Development (TSD) LLC, Waltham, Mass.

Fig. 5 — Schematic of theoretical capabilities of different plasmas. 
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AWS Develops New and Revised 
Thermal Spray Standards

     e American Welding Society (AWS) has begun development
work on the following standards related to thermal spray. Affect-
ed individuals are invited to contribute to their development.
Participation in AWS technical committees is open to all per-
sons. For more information, contact Jennifer Rosario,
jrosario@aws.org, ext. 308.
     • C2.20/C2.20M:202X, Specification for ermal Spraying Zinc
Anodes on Steel Reinforced Concrete. is standard is formatted as
an industrial process instruction. e scope covers job descrip-
tions, safety, pass/fail job reference standards, feedstock materi-
als, equipment, a step-by-step process instruction for surface
preparation, and quality control. ere are five annexes, includ-
ing job control record and portable adhesion testing. Stakehold-
ers: ermal spray contractors, shops, and operators. Revised
Standard.

     • C2.21M/C2.21:2015 (R202X), Specification for ermal Spray
Equipment Performance Verification. is standard specifies the
essential elements of a procedure for verifying the performance
of thermal spray equipment to ensure it is capable of operating

according to the manufacturer’s specifications or those estab-
lished by the user. Stakeholders: ermal spray companies and
inspectors. Revised Standard.
     • C2.25/C2.25M:202X, Specification for ermal Spray Feedstock
— Wire and Rods. is specification provides the as-manufactured
chemical composition classification requirements for solid and
composite wires as well as ceramic rods for thermal spraying. Re-
quirements for standard sizes, marking, manufacturing, and
packaging are included. Stakeholders: ermal spray community.
Revised Standard.
     • C2.28M/C2.28:202X, Guide to ermal Spray Equipment Se-
lection. is standard provides guidance on the selection, config-
uration, and operation of common thermal spray equipment.
e document addresses equipment for workpiece preparation,
postcoat finishing, and quality evaluation. Stakeholders: Anyone
interested in specifying, purchasing, or using thermal spray
equipment. New Standard.

Canadian Government Commits More Than
$18.9 Million to Extending the Lifespan of Metals

     e Government of Canada, through its New Frontiers in Re-
search Fund, has awarded $24 million CAD (approximately
$18.9 million USD) to a research project directed at extending
the lifespan of metals. e project, which is being led by Queen’s
University, Kingston, Ontario, uses unique molecular coatings
that could save billions of dollars on maintenance across numer-
ous sectors, including aerospace, automotive, cancer therapy,
consumer electronics, and infrastructure.
     “is new coating approach has the potential to revolutionize
our manufacturing processes to produce coatings of exceptional

quality that could improve Canada’s health, environment, and
economy,” said Christian Moreau, a professor at Concordia Uni-
versity’s Department of Mechanical, Industrial and Aerospace
Engineering at the Gina Cody School of Engineering and Com-
puter Science and co-principal investigator of the project.
     Cathleen Crudden, Canada Research chair in metal organic
chemistry at Queen’s University and leader of the research team,

Industry News
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The public is invited to contribute to the development of new
and revised standards, such as AWS C2.21, Specification for
Thermal Spray Equipment Performance Verification.

A new study on extending the lifespan of metals will affect 
numerous industries and could improve aerospace design.
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added, “Worldwide, countries spend, on average, over 3% of
their GDP [gross domestic product] each year on corrosion
maintenance. Annually, Canada spends around $66 billion [$52
billion USD] across sectors. With new strategies like the innova-
tive coatings we are developing, we could save governments, tax-
payers, and industries up to 25% of this cost.”
     Crudden and her team of Canadian and international re-
searchers and industry collaborators are developing a new ap-
proach to protecting metal surfaces. e project builds on her
prior discovery that a certain class of organic molecules can form
bonds with a wide range of metals. e group is exploring and
developing a carbon-on-metal coating that could slow or halt
corrosion and degradation caused by oxygen, changes in pH, and
temperature. ese coatings could prevent metals in microchips
from breaking down, leading to greater longevity for computers,
phones, and other electronic devices. ey could also guard
against automobile rust, improve aerospace design, and be used
on a nanoscale, improving targeted chemotherapy and radiation
therapy as well as refining medical imaging.
     e project will also involve academic and industry collabora-
tors from Canada, the United States, the United Kingdom,
Japan, Finland, and other countries.

Plansee Group Buys Mi-Tech Tungsten Metals

     e Plansee Group, Breitenwang, Austria, which specializes in
the processing of molybdenum and tungsten, has agreed to ac-
quire Mi-Tech Tungsten Metals, Indianapolis, Ind., a supplier of
tungsten-based products.

     “With the acquisition of Mi-Tech, we are further expanding
our market position for tungsten products in North America,”
said Karlheinz Wex, spokesman for the Plansee Group executive
board. “Customers will benefit from a broader range of products
and services.”
     Mi-Tech, founded in 1978 and owned by the Bir family since
1994, manufactures ready-to-use tungsten composite products
and components for various industries, including energy, engi-
neering, and aerospace.
     e Plansee Group is buying Mi-Tech through its U.S. sub-
sidiary Global Tungsten & Powders (GTP).
     “Mi-Tech will benefit from the fact that GTP, as a leading
western supplier, guarantees security of supply for tungsten
powders,” Wex explained.
     e companies agreed not to disclose the financial details 
of the transaction. e acquisition is still subject to regulatory
approvals.
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The headquarters of Mi-Tech Tungsten Metals in Indianapolis,
Ind. 
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Integrated Global Services Acquires 
GE’s AmStar

     Integrated Global Services Inc. (IGS), Richmond, Va., a
provider of thermal spray surface protection solutions, has ac-
quired AmStar, GE Steam Power’s on-site thermal spray coatings
technology.
     e acquisition will enhance IGS’ portfolio of custom services
and represents another step in the company’s goal to service
mission-critical equipment, said Rich Crawford, president and
CEO of IGS. e company will also maintain its commitment to
supporting GE customers in the United States, Europe, South
America, and Asia.
     AmStar’s 888 material and related corrosion- and erosion-
resistant coatings offer pressure part protection in the power
generation industry.
     IGS has locations in the United States, Canada, Europe, the
Middle East, Africa, and Asia.

Ice-Class Carrier Gets New Layer of Protection

     Umiak I, an ice-strengthened bulk carrier that operates year-
round on Canada’s ice-laden Labrador coast and was featured on
the documentary TV program Mighty Ships, has been coated
with the nontoxic protectant Ecospeed®.

     It’s a product of Subsea Industries, Antwerp, Belgium. e ap-
plication was carried out at Remontowa Shiprepair Yard in
Gdańsk, Poland.
     Owned by Fednav Ltd., Montreal, Quebec, managed by Can-
ship Ugland Ltd., St. John’s, Newfoundland, and built in 2006,
Umiak I delivers supplies to remote mines and hauls nickel con-
centrate. e vessel’s hull is reinforced to navigate unassisted
through ice that is 1.5 m thick. From November to July of each
year, Umiak I contends with rugged ice conditions, including 
icebergs.
     During a 2016 dry docking, two test patches of the protec-
tant were applied to areas of the ship most prone to damage.
Over the next five winters, the condition of the coated test
patches were found to have held up despite continuous impacts
with ice. e decision was made to replace the entire underwater
hull coating with it. e ship’s rudder and nozzle were also pro-
tected with the coating system. Corrosion damage on the nozzle
was repaired with Ecofix®. is restored the surface back to its
original shape with a smooth surface prior to recoating with
Ecoshield®.

     Fednav is a Canadian oceangoing, dry-bulk shipping company
with a fleet of nearly 65 vessels that operates on the Great Lakes
and in the Arctic.
     Canship Ugland began in 1997, when the first oil produced on
the Grand Banks was transported ashore.

Oerlikon MCS Opens Laser Cladding Center 

     Oerlikon Metco Coating Services’ (MCS’) new laser cladding
service center in Huntersville, N.C., is now fully operational and
offering outside and inside diameter coatings, laser hardening,
pre- and post-machining, and inspection services.
     e company claims the facility can handle a wide range of
parts with a maximum weight of 15,000 lb and length of 480 in.
Outside diameters up to 96 in. and inside diameters from 2 to
120 in. can be processed. e facility will serve, among others,
the aerospace, energy, and automotive markets.

     “Laser cladding is increasingly an important process in the
services that Oerlikon can offer,” said omas Meier, global head
of sales for Oerlikon MCS.
     e new service center in Huntersville opened less than a
year after Oerlikon MCS’s substantial investment in new laser
cladding equipment for its facility in Wohlen, Switzerland. In ad-
dition, the company continues to develop new materials opti-
mized for the laser cladding process.
     ermal spray coating equipment is currently being installed
at the facility in Huntersville and is expected to be operational
by the end of March.

McLaughlin Welcomes Sales Support Specialist

McLaughlin & Associates ermal
Spray Inc., Indianapolis, Ind., has
hired Ashley Eddelman as sales sup-
port specialist. Eddelman will be fo-
cused on sales growth, sustainabili-
ty, order entry, marketing, and cus-
tomer service. She joins the compa-
ny with more than seven years’ ex-
perience in the thermal spray indus-
try, having worked in a coating serv-
ices job shop in central Indiana. 
Eddelman will be based out of
Franklin, Ind.
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The first layer of Ecospeed is applied to Umiak I.

Oerlikon MCS’s new laser cladding center in Huntersville, N.C.

Ashley Eddelman
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Happy New Year! With the
start of a new year, I have great
hope that COVID-19 numbers
will continue to decline, and we
can finally return to some sort of
normalcy. e International
ermal Spray Association
(ITSA) Annual Meeting
Committee met in February to
start planning ITSA’S 2022
gathering. Our plans are to meet
in person this October for the
first time since 2019. Fingers
crossed that we will finally get to
come together again face-to-face.

I want to take the opportunity to thank the planning
committee members for all of their efforts in organizing the
2021 meeting, despite having to cancel the event on such short
notice. Each commitee member is greatly appreciated, and our
meetings and events would not be as successful as they are
without all of them. I’m confident our teams’ efforts will pay off
this year and we will see each other in October. 

For those of you who are not yet ITSA members, ITSA is
closely interwoven with the history of thermal spray
development in this hemisphere. Founded in 1948, and once
known as Metallizing Service Contractors, the association has
been closely tied to most major advances in thermal spray
technology, equipment and materials, industry events,
education, standards, and market development. As a company-
member association, ITSA invites all interested companies to
talk with its officers and company representatives to better
understand member benefits. A complete list of ITSA member
companies and their representatives can be found on page 17
and ITSA’s website at thermalspray.org. 

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 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
worldwide 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 is a professional industrial association dedicated to
expanding the use of thermal spray technologies for the benefit
of industry and society. 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

Ana Duminie
Chair

— continued on page 19
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Rotating Plasma Gun Features
Range of Applications

     e rGun™ rotating plasma gun unit
applies thermal spray coatings to the in-
side diameters of metal objects, giving
them extra hardness and wear, tempera-
ture, and corrosion resistance. e unit,
which is meant to be integrated into the
complete rGun system, provides the plas-
ma gun with plasma gases, electrical
power, powder, cooling water, and air
while continuously rotating the gun.
Electrical power is transmitted to the me-
dia coupling and the plasma torch via
contact rings, which insulate the electri-
cal poles from each other. Typical applica-
tions for the unit include production of
engine block cylinder bores, heat ex-
changer tubes, and casings. 

Flame Spray Technologies
fst.nl / +31 26 3190140

Report Predicts Spray Powders
Market Will See 6.5% Annual
Growth through 2026

     Global ermal Spray Powders Market
Growth 2020–2025 provides historical
data from 2015 to 2021 and forecasts
through 2026 for market size, revenue,
demand, and supply. e report includes
detailed information about key trends,
market drivers, challenges, regulatory
landscapes, deployment models, opportu-
nities, future roadmaps, value chains, and
strategies as well as profiles of leading
manufacturers. e report anticipates the
spray powders market will register a com-
pound annual growth rate (CAGR) of
more than 6.5% through 2026. e study
also analyzes the impact of the COVID-19
pandemic on the industry, covering sup-

ply chain analysis, impact assessment on
market size growth rate in several scenar-
ios, and measures to be undertaken by
companies in response to the pandemic.
e report presents an optimistic sce-
nario, in which the pandemic is contained
by May or June 2022 and normalcy re-
turns to global operations through the
end of the second quarter, and a conser-
vative scenario, in which the pandemic
continues and impacts are felt into the
fourth quarter of this year.

Market Insights Reports™
marketinsightsreports.com / (704) 266-
3234

In-line Thermal Sensor 
Measures Conditions across
All Spray Processes

     e Accuraspray 4.0 in-line thermal
spray sensor measures spray plume tem-
perature, velocity, dimension, orienta-
tion, intensity, and stability before each
run, ensuring that spray conditions are
optimal for coating performance. Opera-
tors are automatically notified if the con-
ditions are not within predetermined
process windows, reducing the risk of
failure, enhancing coating quality, and
increasing production rates. Readings are
certified using filtering algorithms so
that any displayed number can be trust-
ed. e unit features a web-based user
interface, making information available
by more than five viewing devices simul-
taneously. It can also be connected to a
spray cell robot controller to automate
measurements before each spray session.
e product is designed to be cost effec-
tive and versatile across all spray
processes, including wire arc spraying,

flame spraying, air plasma spraying,
high-velocity oxyfuel spraying, high ve-
locity air fuel spraying, and suspension
plasma spraying.

Tecnar
tecnar.com / (450) 461-1221

Report Forecasts Global 
Thermal Barrier Coatings 
Market to Hit $21.69 Billion 
by 2028

     e global thermal barrier coatings
market is expected to reach $21.69 bil-
lion by 2028, growing at a compound an-
nual growth rate (CAGR) of 4.8%, accord-
ing to ermal Barrier Coatings Market
Size, Share & Trends Analysis Report By
Technology (Air Plasma, EBPVD), By Prod-
uct (Ceramics, Metals), By Application (Sta-
tionary Power Plant, Aerospace), By Combi-
nation, And Segment Forecasts, 2021–
2028. Increased demand for advanced
heat resistant coatings from several end-
use industries, including energy, automo-
tive, and aerospace, is expected to drive
growth. e growing range of applica-
tions for gas turbines is anticipated to
significantly drive the demand for elec-
tron beam physical vapor deposition
(EBPVD) thermal barrier coatings. North
America dominated the market in 2020,
but the Asia-Pacific region is projected to
be the fastest growing regional market
through 2028. e aerospace application
segment accounted for a prominent mar-
ket share in 2020 and is expected to grow
significantly over the forecast period. e
ceramics product segment led the global
market in 2020 and is expected to remain
dominant, growing at the fastest CAGR
over the forecast period. e EBPVD
technology segment is estimated to expe-
rience substantial growth over the fore-
cast period. e rising adoption of air
plasma and high-velocity oxygen fuel
technologies in automotive and aero-
space applications should drive product
demand in those sectors.

Grand View Research
grandviewresearch.com / (888) 202-9519

Product Spotlight
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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

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 | carpentertechnology.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
Mercer, PA
Tomm Frungillo| tfrungillo@isystemsweb.com
(724) 662-2801| imperialsystemsinc.com

Lincoln Electric
Cleveland, OH
omas Brown
thomas_brown@lincolnelectric.com
(216) 383-2951 | lincolnelectric.com
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Lineage Alloys LLC
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
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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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.
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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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