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Abstract: The porosity plays a significant role in the area of plasma spray coating for several 
engineering uses. Porosity is having its advantages and disadvantages in the coating 
functionality and also the instantaneous working atmosphere. The SS304 substrate was 
coated with the Zirconium based solution and observed the microstructures were with the 
help of SEM. The various parameters of spraying govern the porosity formation and 
development of plasma spray coating. Based on the changes in the parameters like current 
and H2, the Zr coating's porosity, cracks, and thickness will vary. The size of the crack 
formation reducing with the increase of H2 at the same current. The optimized spraying 
parameters are used to attain the foremost favourable coatings with minimal defects. 
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Introduction: The Solution Precursor 
Plasma Spray (SPPS) coating techniques 
have been widely utilized in surface 
engineering to ensure the systematic process 
and decrease the operation and maintaining 
price in several industries. Surface coatings 
are expanding in transporting companies 
like shipbuilding, marine structures, 
automobile and aeronautic discipline, 
production and tool-making industries, 
chemical and bio-medical industries, Etc. 
Coatings play an essential role in 
engineering by insulators against erosion, 
friction, and rust formation. They can be 
utilized for thermal shielding in high-
temperature surroundings. Hence, which is 
required for preservation has given from 
every kind of corrosion, thus increasing 
dependability and higher efficiency of 
industrial elements. The porosity is one of 
the vital properties among the vital 
properties of plasma sprayed coatings, 
which can deteriorate the coatings' 
protection efficiency in hot operating 
conditions [3]. This research investigates 

porosity development in SPPS coatings and 
the impacts of a variable group of coating 
parameters on porosity. Characterization 
and porosity estimation techniques of 
porosity in the coatings are epitomized 
depend upon the relevant research papers. In 
primary carrier gas, sometimes hydrogen is 
used to propel solution particles onto the 
prepared surface layer. In the aeronautics 
industry, thermal barrier coatings (TBCs) 
are widely used as heat shielding, oxidation 
resistance, clearance control coatings, 
evaporators, transition ducts, and stationary 
airfoils rotary airfoils, shrouded case for the 
abraded porous ceramics [4,5]. 
Surfaces, bond coat and ceramic top coat 
make up TBCs' standard three layers of 
construction. Before and after oxidation, as 
well as the thermally generated oxide layer 
that will form between top and bond coat, 
are shown in Figure 1. 
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Figure 1. Showing the components of 
thermal barrier coating (TBC) (a) before 
oxidization (b) after oxidization with the 
inclusion of thermally grown oxide (TGO). 

The development of continuous pores and 

microcracks in the topcoat of TBC allowed 

oxygen to pass through the bond coat at 

elevated temperatures in the course of 

operations and oxidized occurs [6]. Thermal 

Barrier Coating generally comprises a 

thermal insulating ceramic topcoat, a bond 

coat, and thermally generated oxide (TGO), 

which comes from the oxidation of metallic 

portions dispersed from the bond layer. [7]. 

During operation, the thermal mismatch 

stresses develop in such multi-layer 

composites [8], .and initiation crack growth 

from defects in the TBC is likely. However, 

cracks that grow parallel to the spraying 

lamellae can cause spallation of TBC 

segments once they are long enough [9]. 

TBCs are splitting apart into layers or break 

off into fragments due to crack propagation 

and coalescence in the course of operation. 

This exposure causes the rotational 

components to fracture similarly to other 

components, which causes fatal problems. 

Few researchers have shown that the 

splitting apart into layers of TBCs occurs 

just above the interface between the topcoat 

and TGO layer [10,11–13]. Entrapped air 

sacks, voids and unmolten particles lead to 

different sizes and shapes of pores [14]. In 

the SPPS, particles impacting the substrate 

have various microstructures depending 

upon the droplet trajectories in the gas flow 

[15]: Melted particles, hollow shells, and 

shell fragments. On the other hand, hollow 

and fractured shells generally come from 

not entirely polymerized droplets and travel 

on the plasma jet's fringes. Plasma spraying 

has many advantages, including creating 

fine microstructures that are non-columnar 

and have grains with similar axes. The 

ability to create relatively homogenous 

coatings that do not change in composition 

with thickness or deposition time, and the 

ability to process materials in virtually any 

surroundings. [16]. Plasma spraying can be 

used to create corrosion, erosion, 

temperature, and abrasion-resistant coatings 

and unchanging and near net forms while 

also taking advantage of the quick 

crystallization procedure. As long as the 

metal powder is glassy, it can be plasma-

sprayed without altering its properties. For 

the deposition of high-temperature materials 

on substrates, plasma spraying has been 

employed for superconductive materials as a 

technique. Endoprostheses for orthopaedic 

trunks can now be coated with 

hydroxyapatite thanks to plasma spraying. 

[17]. As a result of plasma spraying, 

coatings are sprayed with many crevices, 

which allows the bone to grow into them. 

Some plasma coatings act as biocompatible 

layers, and in that titanium,  bioactive 

hydroxyapatite coatings significantly 

promote normal layer formation into the 

layers of the delicate pores [18, 19]. Both 

fixed and flying gas turbines have been 

treated with sprayed coatings at different 

times and for different objectives [20].  

Electrically conductive Al, Cu, and W and 

semi-conductive and insulating ceramic 

coatings are widely used in the 

electromechanical and computer sectors. 
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Some electrode contacts, such as the spark 

gaps of nuclear research equipment/tools, 

were made from enormous tungsten. 

Current electrodes can be replaced by 

tungsten electrodes sprayed with a 0.5mm 

thick tungsten coating. This electrode 

ensures that the short-span flows of 

300,000Amp current with a life of many 

hundreds switching. [21, 22]. Water power 

plants, pump production, and pump 

operation are all areas where hydraulic 

devices could be used for a long time [23]. 

They are used in rolling mills and pressing 

industries to upgrade pricey heavy-duty 

equipment that would otherwise need to be 

replaced with expensive new designs. [24]. 

SS is used to rehabilitate 34 rolling strand 

journals by giving them an SS coating. 

NiCrBSi is used to renovate the blooming 

roll mill journal. 3/4 Gears of rolling mill 

gearbox being rebuilt with the help of wear 

resistance coating the manufacture of 3/4 

Conveyor rollers in the plate has zirconia-

based refractory coatings. 3/4 To repair a 

rolling mill slide and the plungers of a 

forging press, hard wear resistance is 

applied. Heat-resistant plasma coatings are 

commonly used in foundries and 

metallurgical equipment where molten 

metal or extremely high temperatures are 

encountered. The sliding plugs of steel 

ladles are integrated into this apparatus with 

alumina or zirconia coatings. Plasma 

spraying was also used on oxygen tubes and 

cast-iron moulds in continuous metals 

casting. [25]. Indirect contact with chemical 

reagents, the primary metals of machine 

elements are prone to a variety of wear and 

corrosion. In these situations, plasma 

coatings are utilized to protect the 

component's base metal. They will be used 

for different bearing surfaces, tubes, 

furnaces, blades, shafts, sections of cooling 

equipment's, Etc. [26]. In the 

Czechoslovakian textile industry, plasma 

spraying was first employed. As an 

alternative to anodizing, chromium plating, 

and chemical surface hardening, plasma 

spraying has emerged as a viable solution. A 

wide range of critical equipment 

components can benefit from this 

technology.  On equipment parts that come 

into contact with synthetic fibres, high-

wear-resistant coatings are necessary. [27, 

28]. Generally, the impacted parts of 

machinery are Filters, sieves, rolls, printing 

rolls and other printing machine parts. 

Because of its cost-effectiveness, the oxide 

layers are sprayed. Molten glass rapidly 

wears down the surface of the metal when it 

comes into contact with the metal. Plasma 

sprayed coatings are applied to metal 

instruments in order to maintain them. [30]. 

When possible, thermal spraying is 

suggested in the workshop for optimal 

results. Plasma spraying appears to be a 

versatile technique that has proven to be a 

reliable, cost-effective solution for various 

industrial difficulties in all thermal spray 

coating processes [31]. Unlike other thermal 

spraying methods, SPPS coatings have good 

characteristics based on their structural 

configurations. [32]. 

Experimental Setup: 

In this paper, two different parameters, 

current and H2 gas, have changed. At 300 

amps and 400 amps current, the  H2 has 

changed in three levels (0, 20, & 40), and 

the spray distance is constant as 60mm.  The 

parameters have given in table 1 has shown 

below. 
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Table1: Parameters 

S.No. Current 

(Amps) 

Gas 

Flow 

Spray 

Distance 

(mm) 

  H2 Ar  

1 300 0 100 60 

2 20 80 60 

3 40 60 60 

4 400 0 100 60 

5 20 80 60 

6 40 60 60 

 
In this work, the above parameters are used 
for coating the solution precursor on SS304 
substrate and observed the microstructures 
with different magnifications with the help 
of SEM and XRD is used to find out the 
existing elements and quantity of coating. 
Results and Discussions: 
The SPPS process is used for the solution 

precursor coating on the SS304 substrate at 

different parameters. The SEM and XRD 

results have been found and shown below.  

 

 

Figure 2. Microstructures of sample 1 at 

300amps and 0 H2 

 
 
Figure.3. EDX and XRD of sample 1 at 
300amps and 0 H2 
 

Elemen

t 

Weight

% 

Atomic

% 

O K 52.42 82.54 

Al K 0.55 0.51 
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Cl K 6.88 4.89 

Cr K 0.60 0.29 

Fe K 1.56 0.70 

Ni K 3.60 1.55 

Y L 2.90 0.82 

Zr L 31.48 8.69 

Totals 100.00  

 
From the observation of figures 2 & 3, 
microstructures showing that after spraying 
with argon without considering H2,  coarse 
pores are more as well as braod cracks are 
formed. By observing elemental table and 
XRD O to Zr deposition ratio is less. The 
coating thickness is also less. 
 

 
Figure.4. Microstructures of sample 2 at 

300amps and 20 H2 
 

 
 
 Figure 5. EDS and XRD of  sample 2 at 
300 amps and 20 H2 
 

Element Weight

% 

Atomic

% 

O K 46.73 79.06 

Al K 0.77 0.77 

Cl K 5.44 4.16 

Cr K 1.27 0.66 

Fe K 2.68 1.30 

Ni K 7.50 3.46 

Y L 3.83 1.17 

Zr L 31.78 9.43 

Totals 100.00  

 
After adding the 20 mpl of H2 to argon , a 
clear change in the microstructure is 
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observed from figures 4 & 5. By observing 
microstructure fine porous formed with less 
crack width. By observing the elemental 
table the deposition ratio of O to Zr is 
increased. The thickness of coating is also 
increased. 
 

 
Figure 6. Microstructures of sample 3 at 
300amps and  40 H2 

 
 
Figure.7. EDS and XRD of sample 3 at 300 
amps and 40 H2 

Eleme

nt 

Weight

% 

Atomic

% 

O K 44.49 78.38 

Al K 0.90 0.94 

Cl K 4.43 3.52 

Cr K 0.98 0.53 

Fe K 1.29 0.65 

Ni K 6.60 3.17 

Y L 5.42 1.72 

Zr L 35.90 11.09 

Totals 100.00  

Increasing of H2 to 40mpl it is observed that 
again the coarse pores are observed with 
mixed cracks i.e. some cracks width is more 
in some deposited areas where the Zr 
deposited very less  even though the ratio of 
O to Zr is increased the constant thicknes is 
not formed when we observing the 
microstructures. This leads to further 
investigation by increasing power to 
400amp. 

 
Figure 8. Microstructures of sample 4 at 
400amps and 0 H2 
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Figure.9.  EDS and XRD of  sample 4 at 
400 amps and 0 H2 

 

Element Weight

% 

Atomic

% 

O K 54.94 84.73 

Al K 1.39 1.27 

Cl K 4.42 3.08 

Cr K 0.06 0.03 

Fe K 0.24 0.11 

Ni K 1.45 0.61 

Y L 4.58 1.27 

Zr L 32.91 8.90 

Totals 100.00  

 
After increasing the power input deposition 
is more when compared with 300 amps 
input but the same coarse porous and wide 
cracks found.  

 

 
 
Figure .10. Microstructures of sample 5 at 
400amps and 20 H2 
 

 
 
Figure.11  EDS and XRD of  sample 5 at 
400 amps 20 H2 
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Elemen

t 

Weight

% 

Atomic

% 

O K 50.82 82.36 

  Al K 3.03 2.91 

Cl K 2.29 1.68 

Cr K 0.46 0.23 

Fe K 0.50 0.23 

Ni K 2.31 1.02 

Y L 5.59 1.63 

Zr L 34.99 9.95 

Totals 100.00  

After obsrving the microstructure, found the 

fine pores and fine cracks. The deposition 

ratio also increased simultaneously and the 

deposited thickness is even. 

 
 

 

Figure.12.  microstructure of  sample 6 at 
400 amps 40 H2 

 

 
 
Figure.13.  EDS and XRD of  sample 6 at 
400 amps 40 H2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Elemen

t 

Weight

% 

Atomic

% 

O K 45.61 79.38 

Al K 1.96 2.02 

Cl K 3.18 2.50 

Cr K 0.85 0.45 

Fe K 1.02 0.51 

Ni K 3.74 1.77 

Y L 6.39 2.00 

Zr L 37.26 11.37 

Totals 100.00  
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After the power increase 40mpl H2 is also 
given good result when compare with 
300amps. The depotion ratio of O to Zr is 
increased. The coating thickness is also 
increased. Here the fine pores and fine 
cracks are found.. 
 
Conclusion: 
In this paper, the research has taken place at 
two different current 300 and 400 amps but 
at the same different H2 quantity 0, 20, 40 
mpl. For the power 300 amps it is observed 
that 20 H2 given good results when compare 
with 0 & 40 H2. By means of deposited 
stabilization it is clearly showing that H2 
with Argon mix ratio will be near by 20 
mpl.For 400 amps increasing os H2 content 
also given fine pores and fine cracks. By 
observing all the microstructures it can be 
concluded that by increasing the power H2 
quantity also can be increased. By 
increasing the power and H2 the thickness is 
also increased. 
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