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Editor’s Note
Dear Readers,

The Corona period has affected almost all industries and 2020
has been unimaginable and full of surprises. The coating
also affected
restrictions
massive impact on everyday life at an early stage and brought about, 
among other consequences, digital learning, the crisis is a
dramatic long
our thermal in the spray coating area. 
 
India is dealing very well with this corona situation and is organizing the 
world's largest vaccination program. India is producing th
vaccine in large quantities and is committed to helping other countries. 
In this situation, India has emerged as a hope for the world. In this 
unclear situation, Indian coating companies are showing great courage 
and trying to exploit the problem as
particular, the subject of digitization is experiencing a high reach in this 
regard. Happily, countless telephone conferences and web meetings 
have allayed the initial concerns of loss of personal contact due to 
Corona. Even better, new forms of working digitally were tried and in 
many cases successfully implemented. A healthy mix of old and new 
ways of exchanging information and knowledge seems to support this 
positive development.
 
I am particularly pleased to be all
issue of the SPRAYTODAY. 
articles on the subject of thermal spraying received from industry and 
academia 
development
 
Looking at the future of thermal spray in India, it will be 
SPRAYTODAY
country by providing the latest information on thermal spray technology.
 
Be healthy, active and curious.
 
Best Regards,
 

(Dr. Satish Tailor)
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Introduction
Globally of all the metallic coatings Zinc will be the 
largest volume wise. Zinc is applied on
and structures for corrosion prevention through several 
methods: hot dip
coating, spraying, electroplating, zinc
Tonnage wise hot dip galvanizing and Zinc
alloy coating (galvalume, galfan etc.,)
Next in order would be zinc spraying method.
 
Zinc Spraying
Zing spraying 
degreasing to remove oil grease etc., b) mechanical 
cleaning
and to make
adhesion and c) spraying
powder of purity 99.5% or
a manual operation although
also available for tonnage
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Introduction 
Globally of all the metallic coatings Zinc will be the 
largest volume wise. Zinc is applied on
and structures for corrosion prevention through several 
methods: hot dip
coating, spraying, electroplating, zinc
Tonnage wise hot dip galvanizing and Zinc
alloy coating (galvalume, galfan etc.,)
Next in order would be zinc spraying method.

Zinc Spraying 
Zing spraying mainly consists of the following steps: a)
degreasing to remove oil grease etc., b) mechanical 
cleaning through grit blasting (to remove rust, scale etc.,) 
and to make 
adhesion and c) spraying
powder of purity 99.5% or
a manual operation although
also available for tonnage

Advantages 
Of all the materials, zinc inherently has excellent 
corrosion resistance, both as barrier
as sacrificial protection. In case there is any small 
holiday in the coating,
and protects the exposed area which is vulnerable for
corrosion to begin. Sacrificial protection is 
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Globally of all the metallic coatings Zinc will be the 
largest volume wise. Zinc is applied on
and structures for corrosion prevention through several 
methods: hot dip galvanizing, zinc
coating, spraying, electroplating, zinc
Tonnage wise hot dip galvanizing and Zinc
alloy coating (galvalume, galfan etc.,)
Next in order would be zinc spraying method.

 
mainly consists of the following steps: a)

degreasing to remove oil grease etc., b) mechanical 
through grit blasting (to remove rust, scale etc.,) 

 the surface rougher for better coating 
adhesion and c) spraying of Zinc (with either wir
powder of purity 99.5% or 99.95%). Zinc spraying is mainly 
a manual operation although
also available for tonnage production of similar jobs.

Of all the materials, zinc inherently has excellent 
stance, both as barrier

as sacrificial protection. In case there is any small 
holiday in the coating, surrounding zinc sacrifices itself 
and protects the exposed area which is vulnerable for
corrosion to begin. Sacrificial protection is 
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Globally of all the metallic coatings Zinc will be the 
largest volume wise. Zinc is applied on
and structures for corrosion prevention through several 

lvanizing, zinc-alumi
coating, spraying, electroplating, zinc-rich paints etc.,
Tonnage wise hot dip galvanizing and Zinc
alloy coating (galvalume, galfan etc.,) will be the largest. 
Next in order would be zinc spraying method.

mainly consists of the following steps: a)
degreasing to remove oil grease etc., b) mechanical 

through grit blasting (to remove rust, scale etc.,) 
the surface rougher for better coating 

of Zinc (with either wir
99.95%). Zinc spraying is mainly 

a manual operation although automatic installations are 
production of similar jobs.

Of all the materials, zinc inherently has excellent 
stance, both as barrier protection as well 

as sacrificial protection. In case there is any small 
surrounding zinc sacrifices itself 

and protects the exposed area which is vulnerable for
corrosion to begin. Sacrificial protection is 
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Globally of all the metallic coatings Zinc will be the 
largest volume wise. Zinc is applied on steel products 
and structures for corrosion prevention through several 

aluminium alloy 
rich paints etc.,

Tonnage wise hot dip galvanizing and Zinc-aluminium 
will be the largest. 

Next in order would be zinc spraying method. 

mainly consists of the following steps: a)
degreasing to remove oil grease etc., b) mechanical 

through grit blasting (to remove rust, scale etc.,) 
the surface rougher for better coating 

of Zinc (with either wire or 
99.95%). Zinc spraying is mainly 

automatic installations are 
production of similar jobs. 

 

Of all the materials, zinc inherently has excellent 
protection as well 

as sacrificial protection. In case there is any small 
surrounding zinc sacrifices itself 

and protects the exposed area which is vulnerable for
corrosion to begin. Sacrificial protection is also known as 
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will be the largest. 
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degreasing to remove oil grease etc., b) mechanical 
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the surface rougher for better coating 
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protection as well 

as sacrificial protection. In case there is any small 
surrounding zinc sacrifices itself 

and protects the exposed area which is vulnerable for 
also known as  

cathodic protection. This is a well
property of zinc.
with the help of a
droplets of zinc
formed while t
and bond with the steel
adhesion (Fig
 

Zinc-aluminium alloys are also used for better corrosion 
protection. Originally 65% Zin
were used and nowadays 85% Zinc 
alloys are
Zinc spraying has the following inherent advantages:
- excellent corrosion resistance
- adequate adhesion
- can be applied in the fac
- can avoid to and fro transport costs
- very thick coatings possible (> 1000 g/m2)
- no limitation on the size of the job
- carried out at low temperatures
- no adverse effect on the mechanical properties
- no distortion of the job
- can b
- can be painted to give aesthetic appeal
- duplex coated products can
- most economical for larger surface areas
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India Lead Zinc Development Association &

cathodic protection. This is a well
property of zinc. The coating metal is applied on to the job 
with the help of a 
droplets of zinc surrounded by a layer of zinc oxide 
formed while the metal is
and bond with the steel
adhesion (Fig-1). 

Figure 1
on Grit Blasted Steel

aluminium alloys are also used for better corrosion 
protection. Originally 65% Zin
were used and nowadays 85% Zinc 
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Applications
Zinc spraying is a very versatile process because of the 
above advantages. Worldwide originally a large number 
of steel bridges were zinc sprayed and they all gave a 
long life
suspension bridge in UK, Ridge Avenue bridge 
Philadelphia, Pierre
Bosphorous bridge connecting Europe and Asia. Unlike 
hot dip galvanized coating, very thick coatings can be 
applied. In India steel bridges, both in railways as well as 
highways,
to obtain longer maintenance free service lives.
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avoided for zinc sprayed products which will perform 
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Of the five ways by which corrosion (more correctly, 
electrochemical corrosion) can be controlled is use of 
coatings. In fact, one of usages of techniques such as 
thermal spraying is to create a barrier between the 
electrolyte (the cor
vulnerable metal particularly to avoid CUI 
corrosion under insulation.

Coatings are effective mainly because they either do not 
let anode and cathode on the substrate see each other 
and therefore no electron emis
electron acceptance (by the cathode) will take place. 
Therefore, the electron flow which is a necessary 
element in facilitatin
disturbed. 

In addition, coatings do not allow any contact between 
the anode
air that would act as the electrolyte. This is particularly 
important to control atmospheric corrosion. 

However, coatings such as galvanising do another 
function which is cathodic protection via sacrificial an
where zinc “sacrifices” itself to save the steel substrate. 
In any case, what makes coating to survive is the 
adhesion that exists between the coating material and 
the substrate. Adhesion is so important that one can have 
the best quality coating ever,
adhesion, the coating will not “stay” on its place, and this 
will be leading into spalling of the coating and peel off so 
that after some time, the coating will come off the 
substrate. The worse case scenario is that this peel off
procedure takes place in a non
some parts of the substrate are covered and some parts 
remain bare. The areas where there is still a coating 
coverage would act as cathode with respect to the areas 
where coating spalling has happened and
be considered as “bare” and with no coating. 
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Of the five ways by which corrosion (more correctly, 
electrochemical corrosion) can be controlled is use of 
coatings. In fact, one of usages of techniques such as 
thermal spraying is to create a barrier between the 
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vulnerable metal particularly to avoid CUI 
corrosion under insulation.

Coatings are effective mainly because they either do not 
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and therefore no electron emis
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the best quality coating ever,
adhesion, the coating will not “stay” on its place, and this 
will be leading into spalling of the coating and peel off so 
that after some time, the coating will come off the 
substrate. The worse case scenario is that this peel off
procedure takes place in a non
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coatings. In fact, one of usages of techniques such as 
thermal spraying is to create a barrier between the 
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Coatings are effective mainly because they either do not 
let anode and cathode on the substrate see each other 
and therefore no electron emission (from anode) and 
electron acceptance (by the cathode) will take place. 
Therefore, the electron flow which is a necessary 
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In addition, coatings do not allow any contact between 
cathode pair with the outside moisture in the 

air that would act as the electrolyte. This is particularly 
important to control atmospheric corrosion. 

However, coatings such as galvanising do another 
function which is cathodic protection via sacrificial an
where zinc “sacrifices” itself to save the steel substrate. 
In any case, what makes coating to survive is the 
adhesion that exists between the coating material and 
the substrate. Adhesion is so important that one can have 
the best quality coating ever, however without a strong 
adhesion, the coating will not “stay” on its place, and this 
will be leading into spalling of the coating and peel off so 
that after some time, the coating will come off the 
substrate. The worse case scenario is that this peel off
procedure takes place in a non-uniform way so that 
some parts of the substrate are covered and some parts 
remain bare. The areas where there is still a coating 
coverage would act as cathode with respect to the areas 
where coating spalling has happened and
be considered as “bare” and with no coating. 
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important to control atmospheric corrosion.  

However, coatings such as galvanising do another 
function which is cathodic protection via sacrificial anode 
where zinc “sacrifices” itself to save the steel substrate. 
In any case, what makes coating to survive is the 
adhesion that exists between the coating material and 
the substrate. Adhesion is so important that one can have 

however without a strong 
adhesion, the coating will not “stay” on its place, and this 
will be leading into spalling of the coating and peel off so 
that after some time, the coating will come off the 
substrate. The worse case scenario is that this peel off
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FEATURE                              

a Huge Leap Forward i

Technology 

General Manager, Eninco Engineering BV,

Of the five ways by which corrosion (more correctly, 
electrochemical corrosion) can be controlled is use of 
coatings. In fact, one of usages of techniques such as 
thermal spraying is to create a barrier between the 

rosive atmosphere) and the 
that is to say, 

Coatings are effective mainly because they either do not 
let anode and cathode on the substrate see each other 

sion (from anode) and 
electron acceptance (by the cathode) will take place. 
Therefore, the electron flow which is a necessary 

g electrochemical corrosion is 

In addition, coatings do not allow any contact between 
cathode pair with the outside moisture in the 

air that would act as the electrolyte. This is particularly 

However, coatings such as galvanising do another 
ode 

where zinc “sacrifices” itself to save the steel substrate. 
In any case, what makes coating to survive is the 
adhesion that exists between the coating material and 
the substrate. Adhesion is so important that one can have 

however without a strong 
adhesion, the coating will not “stay” on its place, and this 
will be leading into spalling of the coating and peel off so 
that after some time, the coating will come off the 
substrate. The worse case scenario is that this peel off 

uniform way so that 
some parts of the substrate are covered and some parts 
remain bare. The areas where there is still a coating 
coverage would act as cathode with respect to the areas 

therefore can 

It follows that even a poor
strongly to its substrate is more preferable to a very high 
quality coating that shows a poor quality in adhesion.

It follows that one di
will generally take in the future as a trend will be 
developing coatings with very high adhesion forces to 
their substrates that can also be applied very easily. This 
way the costs associated with both application and 
maintenance will highly be reduced. In addition, as we 
see it, all these coatings must show features that would 
render them as eco
important feature that while these days in some 
developing or underdeveloped countries may n
taken that seriously about the type of coatings they use, 
in the future will definitely become a compulsory 
criterion.

Apart from showing high adhesion, ease and economy of 
application as well as being eco
another feature that 
even too important and it is the development of the so
called antimicrobial coatings.

In the same way that CUI is an electrochemical corrosion 
process which can be controlled by thermal spray 
method, microbiologically infl
an electrochemical corrosion in which living micro
macro
These organisms contain a
sulphate reducing bacteria (SRB) are capable of inducing 
typical co
exceptional cases to 10 mm /year (1 cm/year)! 

There are five methods currently in use or having the 
potential of use against corrosion:

1. Mechanical measures (e.g. pigging, this way by 
removing the debris and sc
conditions leading into corrosion in the form of under 
deposit corrosion is highly lowered),
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It follows that even a poor-quality coating that adheres 
strongly to its substrate is more preferable to a very high 
quality coating that shows a poor quality in adhesion.

It follows that one direction we see coatings generally 
will generally take in the future as a trend will be 
developing coatings with very high adhesion forces to 
their substrates that can also be applied very easily. This 
way the costs associated with both application and 

tenance will highly be reduced. In addition, as we 
see it, all these coatings must show features that would 
render them as eco-friendly as possible. This is a very 
important feature that while these days in some 
developing or underdeveloped countries may n
taken that seriously about the type of coatings they use, 
in the future will definitely become a compulsory 

Apart from showing high adhesion, ease and economy of 
application as well as being eco
another feature that particularly 
even too important and it is the development of the so
called antimicrobial coatings. 

In the same way that CUI is an electrochemical corrosion 
process which can be controlled by thermal spray 
method, microbiologically influenced corrosion (MIC) is 
an electrochemical corrosion in which living micro
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sulphate reducing bacteria (SRB) are capable of inducing 
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deposit corrosion is highly lowered),
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friendly as possible. This is a very 
important feature that while these days in some 
developing or underdeveloped countries may n
taken that seriously about the type of coatings they use, 
in the future will definitely become a compulsory 

Apart from showing high adhesion, ease and economy of 
application as well as being eco-friendly, there is yet 

particularly these days have
even too important and it is the development of the so

In the same way that CUI is an electrochemical corrosion 
process which can be controlled by thermal spray 

uenced corrosion (MIC) is 
an electrochemical corrosion in which living micro

organisms can affect the severity of corrosion. 
class of bacteria that like 

sulphate reducing bacteria (SRB) are capable of inducing 
rrosion rates such as 1.75 mm/year or in some 

exceptional cases to 10 mm /year (1 cm/year)! 

There are five methods currently in use or having the 
potential of use against corrosion: 

Mechanical measures (e.g. pigging, this way by 
removing the debris and scales, likelihood of 
conditions leading into corrosion in the form of under 
deposit corrosion is highly lowered), 
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In case of microbiologically influenced corrosion (MIC),
these measures
instance in item 2, chemical measures will be expanded 
to also include biocides or  a sixth measure, biological 
measures, will also be added examples of which could be 
bio

Physical measures when it comes to MIC can be grouped 
into three categories:

2-
material which releases over time,

2-
makes them too “slippery” to let

2-
different electrical charges thanks to their special 
functional groups

These three coating types can be schematically seen in 
Figure 1. 
However different these may look like; they a
same in that they form a layer on the substrate that is far
  
 
 

                                                                                              

Figure 1:
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different from the fabric of the underlying substrate. 
Being as such, frequent problems with paints/coatings 
such lack of adhesion happen. We at Eninco Engineering 
B.V.  have solved
that would allow the coat to literally become a part of the 
substrate itself and due to this fusion between the 
coating and the substrate, we have solved the paramount 
problems  other coatings have from drying and ha
time to the service life. We have discussed this 
somewhere else.

However, with  COVID19 pandemic becoming a bitter fact 
of life nowadays, we though to develop a technology that 
using nano
Environment Protection Agen
produce a new generation of smart coatings that due to 
their antimicrobial effects (effective against bacteria and 
viruses), we call them “Antimicrobial coating”.

Mechanism and features:

The antimicrobial coating has been formulate
using nano silver phosphate and copper oxide in the resin 
and co
sensitive agents. The method we have used to keep the 
nanoparticles together and balanced in the coating 
structure is encapsulation 
this method, incompatibility among different particles will 
be highly prevented. To produce the microcapsules, 
cross-
active ingredient to the cross
cross-
the mechanism by which antimicrobial coating as 
developed by us works:
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As shown in the figure, some layers of nano

capsules (encapsulated particles) are introduced into the 

structure/fabric of the paint. Each encapsulated particle 

has been filled with antimicrobial agent. Upon touch or 

being exposed to a temperature of 37oC, the nano 

capsules are fractured and thus release the antimicrobial 

agent that will disinfect the surfa

a layer is gone, due to calculated layers required, we 
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ABSTRACT
Boiler corrosion and erosion are a serious concern when 
the power plant
of coal, biomass, municipal and industrial waste 
combustion. An advanced metallic composite niobium 
carbide cladding applied by twin wire arc spraying was 
developed to protect power plant components from boiler 
corros
were strategically designed to produce niobium carbide 
in the final cladding matrix. Aggressive corrosion and 
erosion testing were conducted on this cladding to 
evaluate its corrosion and erosion performa
results of the corrosion testing revealed that this 
cladding performed 12X better than the uncoated steel 
under aggressive sulfidizing environment. Relative 
erosion ranking revealed that this cladding outperformed 
other competing products by 20%. 
revealed no cracking when subjected to aggressive 
thermal gradients. 
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greater flexibility in the composition of the final cladding 
materials that can be repaired in
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Of the several thermal spray coating technique
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designed to produce advanced metal carbides using 
relatively in
of metallic composite cladding system involving niobium 
carbide is listed in Figure 1
Metallic matrix composite cladding has been of interest 
for use as protective claddings due to their high 
hardness, high chemical stability, erosion and wear 
resistance. These claddings benefit from the ductile 
matrix of the metal but are reinforced by 
phase. Niobium carbide has incredible hardness (17GPa 
22GPa), high wear resistance, and a high melting 
temperature 3873°C. It is a group VB element which are 
known to make very hard phases in many common 
alloys. Unlike other carbides betwe
as titanium, vanadium, and chromium, NbC has been 
given little attention towards hard coatings application. In 
the past, NbC has been researched to be used to make 
wear resistant coating using thermal reactive diffusion 
(Ref 1 
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of metallic composite cladding system involving niobium 
carbide is listed in Figure 1
Metallic matrix composite cladding has been of interest 
for use as protective claddings due to their high 
hardness, high chemical stability, erosion and wear 
resistance. These claddings benefit from the ductile 
matrix of the metal but are reinforced by 
phase. Niobium carbide has incredible hardness (17GPa 
22GPa), high wear resistance, and a high melting 
temperature 3873°C. It is a group VB element which are 
known to make very hard phases in many common 
alloys. Unlike other carbides betwe
as titanium, vanadium, and chromium, NbC has been 
given little attention towards hard coatings application. In 
the past, NbC has been researched to be used to make 
wear resistant coating using thermal reactive diffusion 
(Ref 1 - 3). 

Figure 1: Gibbs energy minimization plot for the cermet 
cladding system with niobium carbide.
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Good corrosion resistance is the most fundamental 
requirement for any applied coating/cladding material 
used in a boiler environment. When selecting a suitable 
material, it is important to understand all the possib
corrosive environments and the associated mechanism of 
attack. Furthermore, both local and general forms of 
corrosion attack should be considered, since either can 
compromise the underlying tube. 
Erosion resistance is an important characteristic of 
the
due to fly
boiler, so an erosion resistant coating/cladding with 
sufficient thickness and minimal defects can prevent the 
underlying tube material from erosion. 
Innovative metal matrix niobium carbide cladding applied 
by twin wire arc spraying will definitely be an unique 
advanced material in the thermal spray processing field. 
This innovative cladding will be a promising material for 
both corrosion and erosion p
components. 
 
Experimental 
Innovative cored wires were designed, fabricated and 

sprayed through Kymera vendor companies onto various 

steel substrates to confirm the effectiveness of the 

cladding. For confirmation, various validatio

involving aggressive sulfidation testing, erosion testing 

and thermal cycling testing were performed. Brief 

metallurgical characteristics of this cladding are listed in 

Table 1.

Table 1
 

 
For sulfidation testing, a lab simulated sulfidation attack 
by pyrite decomposition was considered. This testing is 
the most detrimental of all corrosive microclim
the waterwalls of coal
and Kymera cladded steel coupons were exposed to this 
aggressive sulfidation testing. 
Erosion testing was performed at an outside lab per 
ASTM G76. The test parameters are listed in Ta
Thermal cycling testing was performed using an 
oxyacetylene torch. The cladded samples were cycled
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Results and Discussions 
SEM micrograph of the metallic composite niobium 
carbide cladding is listed in Figure 2. XRD analysis is 
shown in Figure 3. Iron carbonate and iron oxide were 
detected due to surface contamination since the as
sprayed surface was not polished. NbC presence were 
indicated by orange arrows.
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indicated by orange arrows.
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NbC peaks were indicated by orange arrows.
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Figure 4: Condition of the bare steel substrate exposed to sulfidation testing is shown.
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Figure 5: Condition of the cladded substrate after sulfidation testing is shown.
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material did not show any cracking and there was no 
substrate corrosion observed. Cladding was well adhered 
to the substrate.
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Figure 7
post thermal cycling testing is shown. No vertical cracks 
were observed and the substrate revealed no corrosion.

 
Conclusions 
Advanced metallic composi
was successfully obtained through wire arc spraying. The 
resultant cladding showed exceptional performance in 
both corrosion, erosion and thermal cycling test 
conditions. Corrosion performance of the cladding was 
12X better than
performance of the cladding was 20% better than other 
competing thermal spray products in the market. This 
innovative cladding exceeded the expected performance 
and can be deployed for powerplant corrosion and 
eros
US Patent Application No: 63/248,885 (patent pending)
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Figure 7: Cladded sample (top) and a micrograph (bottom) 
post thermal cycling testing is shown. No vertical cracks 
were observed and the substrate revealed no corrosion.

Conclusions  
Advanced metallic composi
was successfully obtained through wire arc spraying. The 
resultant cladding showed exceptional performance in 
both corrosion, erosion and thermal cycling test 
conditions. Corrosion performance of the cladding was 
12X better than
performance of the cladding was 20% better than other 
competing thermal spray products in the market. This 
innovative cladding exceeded the expected performance 
and can be deployed for powerplant corrosion and 
erosion protection.
US Patent Application No: 63/248,885 (patent pending)
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Figure 6

Cladded sample (top) and a micrograph (bottom) 
post thermal cycling testing is shown. No vertical cracks 
were observed and the substrate revealed no corrosion.

Advanced metallic composi
was successfully obtained through wire arc spraying. The 
resultant cladding showed exceptional performance in 
both corrosion, erosion and thermal cycling test 
conditions. Corrosion performance of the cladding was 
12X better than the bare steel substrate and the erosion 
performance of the cladding was 20% better than other 
competing thermal spray products in the market. This 
innovative cladding exceeded the expected performance 
and can be deployed for powerplant corrosion and 

ion protection. 
US Patent Application No: 63/248,885 (patent pending)
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Abstract
The motivation for the present work on nanostructured 
plasma sprayed Yttria Stabilized Zirconia (YSZ) arises due 
to the superior properties exhibited by such 
nanostructured coatings over conv
However, the greatest challenge lies in retaining the 
nanostructure phases, both during the processing of 
these coatings at high temperatures as well as their 
application at elevated temperatures. Thermal spray 
coatings have found immens
and automotive sector, owing to the intense research that 
has gone into this area for the past two decades. Plasma 
sprayed YSZ coatings have attracted the research 
community due to its good thermal, mechanical and 
tribologic
with tetragonal prime (t') structure is one of the most 
commonly used thermal barrier coatings (TBC) because 
of its low thermal conductivity and phase stability at 
operating temperatures below 1200°C. However to 
increase the efficiency of TBCs, there is a need to develop 
materials with high temperature stability for long periods 
as well as lower thermal conductivity. This calls for 
designing a material with stable microstructure. 
Therefore, the present work has bee
developing a microstructure in which combined effect of 
nanostructure and doping of rare earth oxides such as 
La2O3, CeO2 and La2Ce2O7 on microstructure, 
mechanical, thermal and tribological properties of 
plasma sprayed YSZ coatings was explored
Keywords: Plasma spraying, YSZ, LaCeYSZ, TBC, bimodal 
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section components. Zirconium based ceramics are 
considered to be best suitable for thermal barrier & wear 
resistance application due to its low density,
hardness, low thermal conductivity. YSZ is the current 
industrial standard material of TBCs, owing to its low 
thermal conductivity, phase stability at relatively high 
temperatures, a relatively high coefficient of thermal 
expansion (CTE) and chemical
atmospheres as compared to other ceramics [4
major disadvantage of YSZ is the limited operation 
temperature (<1200°C) for long term application. At higher 
temperatures, phase transformations takes place from 
the t’-
monoclinic (m) occur, giving rise to the formation of 
cracks in the coating. The addition of CeO2 and La2O3 to 
YSZ could improve the corrosion resistance, fracture 
toughness, and thermal insulation of the coating 
 
Bulk nanostructured material (grain size < 100 nm) have 
exhibited outstanding mechanical properties such as 
exceptional hardness, yield strength and wear resistance 
[7]. Thermal spray coatings obtained from nano 
structured powders (as shown in Fig. 1
outstanding properties. Spray conditions must be 
carefully adjusted to minimize the coarsening or 
alteration of the nano grains and to control the chemical 
reactions and phase stability of materials. It has been 
reported that nanostruc
lower thermal conductivity, lower Young’s modulus, 
higher CTE and higher toughness with respect to the 
microstructured conventional ones [8]. For the 
applications with more severe environments such as 
higher temperature, strain
La2O3 and CeO2 into YSZ coatings has resulted in 
 
 
 

Academic Research                                                                                          

Plasma Sprayed Nanostructured YSZ 

Coatings Doped with Rare Earth Oxides: 

of Minerals & Materials Technology, Bhubaneswar-13

Plasma sprayed thermal barrier coatings based on 
yttrium stabilized zirconia (YSZ) have been applied to hot 
section components. Zirconium based ceramics are 
considered to be best suitable for thermal barrier & wear 
resistance application due to its low density,
hardness, low thermal conductivity. YSZ is the current 
industrial standard material of TBCs, owing to its low 
thermal conductivity, phase stability at relatively high 
temperatures, a relatively high coefficient of thermal 
expansion (CTE) and chemical
atmospheres as compared to other ceramics [4
major disadvantage of YSZ is the limited operation 
temperature (<1200°C) for long term application. At higher 
temperatures, phase transformations takes place from 

-tetragonal to tetragonal and cubic (t+c) and then to 
monoclinic (m) occur, giving rise to the formation of 
cracks in the coating. The addition of CeO2 and La2O3 to 
YSZ could improve the corrosion resistance, fracture 
toughness, and thermal insulation of the coating 

Bulk nanostructured material (grain size < 100 nm) have 
exhibited outstanding mechanical properties such as 
exceptional hardness, yield strength and wear resistance 
[7]. Thermal spray coatings obtained from nano 
structured powders (as shown in Fig. 1
outstanding properties. Spray conditions must be 
carefully adjusted to minimize the coarsening or 
alteration of the nano grains and to control the chemical 
reactions and phase stability of materials. It has been 
reported that nanostruc
lower thermal conductivity, lower Young’s modulus, 
higher CTE and higher toughness with respect to the 
microstructured conventional ones [8]. For the 
applications with more severe environments such as 
higher temperature, strain
La2O3 and CeO2 into YSZ coatings has resulted in 

Academic Research                                                                                           SPRAYTODAY

Plasma Sprayed Nanostructured YSZ 

Coatings Doped with Rare Earth Oxides: 

13, India.  

a sprayed thermal barrier coatings based on 
yttrium stabilized zirconia (YSZ) have been applied to hot 
section components. Zirconium based ceramics are 
considered to be best suitable for thermal barrier & wear 
resistance application due to its low density,
hardness, low thermal conductivity. YSZ is the current 
industrial standard material of TBCs, owing to its low 
thermal conductivity, phase stability at relatively high 
temperatures, a relatively high coefficient of thermal 
expansion (CTE) and chemical 
atmospheres as compared to other ceramics [4
major disadvantage of YSZ is the limited operation 
temperature (<1200°C) for long term application. At higher 
temperatures, phase transformations takes place from 

to tetragonal and cubic (t+c) and then to 
monoclinic (m) occur, giving rise to the formation of 
cracks in the coating. The addition of CeO2 and La2O3 to 
YSZ could improve the corrosion resistance, fracture 
toughness, and thermal insulation of the coating 

Bulk nanostructured material (grain size < 100 nm) have 
exhibited outstanding mechanical properties such as 
exceptional hardness, yield strength and wear resistance 
[7]. Thermal spray coatings obtained from nano 
structured powders (as shown in Fig. 1
outstanding properties. Spray conditions must be 
carefully adjusted to minimize the coarsening or 
alteration of the nano grains and to control the chemical 
reactions and phase stability of materials. It has been 
reported that nanostructured zirconia coatings show 
lower thermal conductivity, lower Young’s modulus, 
higher CTE and higher toughness with respect to the 
microstructured conventional ones [8]. For the 
applications with more severe environments such as 
higher temperature, strains, and corrosion, doping of 
La2O3 and CeO2 into YSZ coatings has resulted in 

SPRAYTODAY™ |  

Plasma Sprayed Nanostructured YSZ 

Coatings Doped with Rare Earth Oxides: 

a sprayed thermal barrier coatings based on 
yttrium stabilized zirconia (YSZ) have been applied to hot 
section components. Zirconium based ceramics are 
considered to be best suitable for thermal barrier & wear 
resistance application due to its low density,
hardness, low thermal conductivity. YSZ is the current 
industrial standard material of TBCs, owing to its low 
thermal conductivity, phase stability at relatively high 
temperatures, a relatively high coefficient of thermal 

 inertness in combustion 
atmospheres as compared to other ceramics [4
major disadvantage of YSZ is the limited operation 
temperature (<1200°C) for long term application. At higher 
temperatures, phase transformations takes place from 

to tetragonal and cubic (t+c) and then to 
monoclinic (m) occur, giving rise to the formation of 
cracks in the coating. The addition of CeO2 and La2O3 to 
YSZ could improve the corrosion resistance, fracture 
toughness, and thermal insulation of the coating 

Bulk nanostructured material (grain size < 100 nm) have 
exhibited outstanding mechanical properties such as 
exceptional hardness, yield strength and wear resistance 
[7]. Thermal spray coatings obtained from nano 
structured powders (as shown in Fig. 1) also exhibits such 
outstanding properties. Spray conditions must be 
carefully adjusted to minimize the coarsening or 
alteration of the nano grains and to control the chemical 
reactions and phase stability of materials. It has been 

tured zirconia coatings show 
lower thermal conductivity, lower Young’s modulus, 
higher CTE and higher toughness with respect to the 
microstructured conventional ones [8]. For the 
applications with more severe environments such as 

s, and corrosion, doping of 
La2O3 and CeO2 into YSZ coatings has resulted in 

iTSA                             

Coatings Doped with Rare Earth Oxides:  

a sprayed thermal barrier coatings based on 
yttrium stabilized zirconia (YSZ) have been applied to hot 
section components. Zirconium based ceramics are 
considered to be best suitable for thermal barrier & wear 
resistance application due to its low density, high 
hardness, low thermal conductivity. YSZ is the current 
industrial standard material of TBCs, owing to its low 
thermal conductivity, phase stability at relatively high 
temperatures, a relatively high coefficient of thermal 

inertness in combustion 
atmospheres as compared to other ceramics [4-5]. A 
major disadvantage of YSZ is the limited operation 
temperature (<1200°C) for long term application. At higher 
temperatures, phase transformations takes place from 

to tetragonal and cubic (t+c) and then to 
monoclinic (m) occur, giving rise to the formation of 
cracks in the coating. The addition of CeO2 and La2O3 to 
YSZ could improve the corrosion resistance, fracture 
toughness, and thermal insulation of the coating [6]. 

Bulk nanostructured material (grain size < 100 nm) have 
exhibited outstanding mechanical properties such as 
exceptional hardness, yield strength and wear resistance 
[7]. Thermal spray coatings obtained from nano 

) also exhibits such 
outstanding properties. Spray conditions must be 
carefully adjusted to minimize the coarsening or 
alteration of the nano grains and to control the chemical 
reactions and phase stability of materials. It has been 

tured zirconia coatings show 
lower thermal conductivity, lower Young’s modulus, 
higher CTE and higher toughness with respect to the 
microstructured conventional ones [8]. For the 
applications with more severe environments such as 

s, and corrosion, doping of 
La2O3 and CeO2 into YSZ coatings has resulted in reduce 

                             

 

15 



 

 

 

    
 
thermal conductivity and resistance to sintering [9
and doping of YSZ with multiple dopants has also be
reported [11]. Y2O3
coatings commonly look attractive due to their high 
temperature stability, high fracture toughness & better 
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Figure 1: Schematic picture of plasma sprayed 
nanostructured coating process

Experimental 
Synthesis of nanostructured powders by sol
The nanostructured YSZ powders employed in this study 
were synthesized through sol
Commercial nano La2O3 and nano CeO2 of particle size ~ 
10-30 nm obtained from M/s Sky spring Nanomaterials, 
Inc.USA. Both the powders were mixed and heated at 
1400 oC.  The calcined powders were taken as the raw 
ingredients for the plasma spray process.
The transmission electron micrograph of as synthesized 
YSZ powders by sol
b). The average grain size of nanoparticles is in the order 
of 20-30 nm. Similar nanostructure has been obtained for 
the La2Ce2O7 compound, as shown in Figure 2 (c
Both the powders were mixed properly and heat treated 
at 1400 oC.  The calcined powders were
ingredients for the plasma spraying process.

Reconstitution of nano powders
Nano-sized powder of 8LaCeYSZ [YSZ (5.4 wt. % Y2O3
ZrO2) + 8 wt. % La2Ce2O7] and 10CeYSZ [90 wt. % YSZ (5.4 
wt. % Y2O3–ZrO2) + 10 wt. % CeO2] were plasma sprayed
on Inconel 718 substrates. The finely dispersed nano 
particles was made agglomerated to a size of ~ 30
as required for plasma spraying. The nano particles were 
agglomerated by the spray
is described elsewhere [13]. 
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Development of coatings
An important step in the plasma spray coating technique 
is preparation of the substrate surface to increase the 
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grit blasting to make the surface rough. A uniform 
roughness of 6
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carried out using an 80 kW plasma spray system supplied 
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and helium were used as primary and secondary 
plasmagen gases, respectively, at an outlet pressure of 4 
kg/cm2. A roughened Inconel 718 substrate of dimension 
120×60×5 mm3 was fixed on the turntable and L
nanocomposite powders was sprayed by varying process 
parameters. The process parameters are listed in Table 1. 
The number of passes was kept constant for each sample 
to produce coating thicknesses within a similar range. 
Particle temperature determi
color pyrometry and in
measured from the length of the particle traces during 
known exposure times using a single high speed CCD 
camera [14].
 
Characterizations
The synthesized nanocomposite powders
were characterized by X
determine the crystal structure. The field emission 
scanning electron microscopy (FESEM: Make Zeiss, 
SupraTM55) studies have been carried out to investigate 
the microstructure and average gr
A higher priority has been given to measure the thermal 
properties. The thermal diffusivity was measured at 
different temperatures using the laser flash technique 
(LFA 1000, LINSEIS).
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Structural Analysis
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the LaCeYSZ nanocomposite coatings are shown in Fig. 4. 
The commercial bulk polycrystalline YSZ Coating is taken 
as a standard to compare the change in XRD patterns of 
the nanocrystalline YSZ and LaCeYSZ n
coatings. The nanostructured coating obtained from 
reconstituted YSZ synthesized by chemical technique 
shows cubic structure of zirconia and impurity phase of 
Y2O3 is hardly observed in the XRD pattern. However, the 
higher intensified peak of 
due to the development strain in the nano YSZ coating. 
The XRD pattern clearly represent that no monoclinic 
phase of zirconia is exist in the nano composite coating. 
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The field emission scanning electron micrographs are 
shown in Fig. 5. FESEM of fractured cross
represents bimodal microstructure consisting of dense 
and smooth zones, indicating good molten state of 
particles and the rough and porous z
unmolten or semi
presence of nano
phonon scattering, which helps in reducing thermal 
diffusivity. When higher resolution micrographs have 
been taken, it is observed t
densely packed nanograins having average grain size of ~ 
90-120 nm. It is clearly observed from the micrographs 
that the grains are very closely packed with development 
of distinct grain boundaries. No voids and porous 
structure
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Thermal characterization
The variation in thermal diffusivity values
nano YSZ and 8LaCeYSZ from room temperature to 1200 
°C are shown in Fig. 6(a). It is observed that the thermal 
diffusivity of La2Ce2O7 
lower than both nano
developed on Inconel 718 subs
diffusivity value at room temperature was 0.4350 x 10
m2/sec and the value decreased up to 900 °C, where the 
value of thermal diffusivity was 0.2659 x 10
again gradually increased up to 1200 °C, where the value 
was 0.2979
higher temperature may be attributed to the radiative 
heat transfer through the material. A similar trend is 
observed in the case of measurement of thermal 
conductivity of coated samples at different temperature, 
which is shown in Fig. 6(b). The same observation has 
been reported in case of 10CeYSZ nanocomposite coatings 
in Fig.6 (c,d).
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Conclusions
The atmospheric plasma sprayed nanostructured 
LaCeYSZ/ CeYSZ coatings on Inconel 718 substrates are 
characterized by molten particles, nano
cracks and higher inter splat porosity. The XRD patterns 
reveal the cubic phase transformation of tetragonal and 
monoclinic YSZ with a small percentage of tetragonal 
phases. La, Ce is in solid solution with ZrO2 and helps in 
stabilizing ZrO2 and does not cluster in as
nanocomposite coating.Micrograph of 
average grain size to be in the range of ~150
grains are closely packed with distinct grain boundaries. 
The thermal diffusivity of nano LaCeYSZ/ CeYSZ coatings 
is lower than that of nano and bulk YSZ. The reason may 
be attri
boundaries, point defect scattering and higher inter
porosity. 
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