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Abstract: In this study, the surface of stainless steel was coated by Co based (Co, Mo, Cr) powders using plasma spray technique with different production parameters 
(500A, 550 A and 600 A current values) The coating layers were examined with optical microscopy, SEM, EDS and XRD analysis. The bonding strength of specimens was 
measured. In XRD studies, such compounds as Co3Mo2Si, CoMoSi, Co2Mo3, Co3Mo and Mo5Si3 have been identified on coating layers. The maximum hardness value has 
been determined in the specimen coated with 600 A.  
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1 INTRODUCTION 

Thermal barrier coatings (TBCs) are a method 
extensively utilized in a wide area of applications to protect 
surface against wear, corrosion and high temperature in 
industry such as gas turbines, aerial crafts, etc. [1-4]. One 
of the thermal spraying methods: plasma-spraying method 
offers very important gains such as wear resistance, 
temperature corrosion etc. in many materials including 
metals and their alloys, ceramics, cermets, some plastic 
which enables the coatings tools to be used for biomedical, 
electrical and thermal purposes [5]. In plasma sprayed 
coating powder particles are melted and deposited over the 
substrate by plasma jet. The temperature of plasma jet is 
over 7000 K to 20000 K, which melts any hard materials. 
Inside plasma jet usually blend of Ar is employed as a 
primary gas and H2 as a secondary gas. An electric arc 
ionizes those gases. Therefore this method can be applied 
to manufacture materials, those that cannot be 
manufactured in any conventional way [6-9]. Based on the 
characteristics of the used powder and plasma spray gun 
APS coating has a considerable size of porosity which 
ranges from 1 to 40 vol % and coating can be deposited 
from 0,05mm to 0,5 mm [4, 10]. 

Austenitic stainless steel is one of the most important 
iron alloys used in structural applications due to its superior 
corrosion resistance, mechanical strength and ductility in 
oxidizing environments. Stainless steel with high 
chromium content is often used as engineering material. It 
is rarely used in tribological applications such as abrasion 
due to low surface hardness and load capacity [11]. 

Cobalt (Co) based alloys are widely used in orthopedic 
implants due to their high strength, good biocompatibility 
and wear resistance [12]. In the coating of Co-based alloys, 
besides the selection of special coating techniques, 
economical factors should be considered. Stainless steels 
coated with porous Co-Cr-Mo alloys are used as alternative 
materials because they are cheaper than Ti or Co-Cr-Mo 

alloys. CoMoCrSi, rigid and low friction material, exhibits 
good sliding wear and oxidation resistance around the 
processing temperature of 800 °C. With these coatings, 
properties such as fatigue resistance, wear resistance and 
corrosion resistance of steel can be improved [13, 14]. 
Tribaloy alloys are high wear and corrosion-resistant alloys 
which contain Ni or Co based materials. Therefore, they 
are preferable for excessive load and corrosive 
environments. The Laves phase is the reason for this alloy 
to have such characteristics. This phase governs all the 
material properties if the alloys are between 35-70 vol.% 
[15-17].  

In the present study, Co based (Co, Mo, Cr) powders 
were coated on stainless steel using plasma spray technique 
with different production parameters.  The influence of 
different production parameters in plasma spray technique 
applied to Co based coatings on the microstructure and 
surface roughness has been investigated. 

2 EXPERIMENTAL PROCEDURE 
2.1 Materials 

The Co based (Co, Mo, Cr) powders were deposited on 
stainless steel substrate prepared in 80 × 20 × 10 mm 
dimensions with a thickness between 200-320 μm, using a 
plasma spray technique. The Co based powder was 
provided from SulzerMetco. The Metco 66F-NS powder 
was used as a standard powder. Chemical composition by 
% weight of stainless steel substrate and Co based powder 
are given in Tab. 1. In order to produce a rough surface for 
good bonding, the stainless steel substrates were grid-
blasted with alumina grits prior to the coating process. 

Table 1 The chemical compositions of substrate material 

Alloy Weight (%) Composition 
Fe Cr Ni Mn C Si 

Stainless Steel Balance 18,26 8,24 1,76 0,06 0,35 

Table 2 Properties of powder used in this study 
Coating Powder % Co % Mo % Cr % Si SulzerMetco Code Particle Size (μm) 

Co-Mo-Cr Balance 28 8 2 66F-NS −45 
+ 15 

2.2 Plasma Spray Technique 

Plasma spray coatings were produced by using 
manually 3 MB gun with this technique (Fig. 1). Plasma 

spraying parameters used during the coating process are 
given in Tab. 2. The specimens are produced with different 
current in plasma spray technique. 
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Figure 1 Schematic cross-section of a typical plasma spray 

 
Table 3 Plasma spray coating parameters 

Parameters Specimens 
S1 S2 S3 

Current 500 A 550 A 600 A 
Voltage 65 V 65 V 65 V 
Gun Type 3 MB 3 MB 3 MB 

Plasma Gas 125 l/dk Ar 
15 l/dk H2 

125 l/dk Ar 
15 l/dk H2 

125 l/dk Ar 
15 l/dk H2 

Spray Distance 100 mm 100 mm 100 mm 
 

2.3 Microstructural Characterization and Mechanical 
Testings 

 
400, 600, 800 and 1200 mesh SiC abrasive papers are 

used to grind the specimens, which are cut in cross-
sectional layer and then polished with diamond paste. The 
etching process has not been applied to the sample after 
polishing. Microscopic structure is observed by optical 
microscope and SEM. EDS analyses for element analysis 
and X-ray diffraction (XRD) for compound analysis are 
performed. Qness-10M microhardness tester is used for 
microhardness measurements. The microhardness 
measurements were calculated with arithmetic mean of 
measured values from ten different regions for each 
sample. An epoxy adhesive is chosen to glue coating layer 
to pull road and 2h have been waited at 200 ˚C to dry. 
Adhesion test ASTM C-633 is applied to test the bonding 
strength of coating. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 2 Microstructure pictures of specimens coated plasma spraytechnique, a) S1 specimen, b) S2 specimen and c) S3 specimen 
 

3 RESULTS AND DISCUSSION 
3.1 Microstructure Analysis of Coating Layer 
 

Fig. 2 shows the optical microstructures of Co based 
coatings performed on the austenitic stainless steel surface 
by the plasma spray technique. The lamellar microstructure 

is characteristic for thermal spray coating. The formation 
of the lamellar microstructure is shown at S1, S2 and S3 
specimens, which are coated by plasma spray technique. 
On the stainless steel substrate 270-400 micron coating 
layers were achieved. After testing the specimens it is 
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shown that porous structures are formed in the coating 
layers. S1 specimen has a larger pore volume than the other 
specimens (Fig. 2a). The amount of pores decreased with 
the increase of current value applied during coating. The 
lowest pore volume was obtained in the coating layer of 
specimen S3 (Fig. 2c). In the plasma spraying method, 
increasing the plasma power causes the temperature of the 

dust particles to increase. The hotter particles wet the 
surface better, resulting in a dense, less porous coating 
layer [18, 19]. Fig. 3a shows the SEM microstructure 
picture of coating layer at the S3 specimen and points taken 
by EDS analysis. The analysis of coating layer at the S3 
specimen by EDS detected elements of Co, Mo, Cr and Si 
as shown in Fig. 3b, 3c, 3d, 3e. 

 

 
(a) 

 
                                                                                    (b)                                              (c) 

 
                                                                                     (d)                                                      (e) 

Figure 3(a) SEM microstructure picture of S3 specimen, (b) EDS analysis of the zone number 1, (c) EDS analysis of the point number 2, (d) EDS analysis of the point 
number 3, (e) EDS analysis of the point number 4. 

 
The EDX analysis taken from gray and dark grey 

lamella region gave Co, Mo, Cr and Si elements for Point 
2 and Point 3 (Fig. 3c, 3d). At Point 3, the Si ratio is the 
highest. The composition of the plotted light grey region at 
Point 4 in Fig. 3a consisted of 69.81 % Co, 22.13% Cr, 
4.22% Si and 3.85 Mo. The highest value of the Co element 
was determined at Point 4. The EDS analysis results are in 
accordance with the compounds indicated in the XRD 
results. 

The XRD patterns of Co-Mo-Cr powder coated 
specimens are shown in Fig. 4. In the specimens coated 

with different current values, Co3Mo2Si, CoMoSi, Co2Mo3, 
Co3Mo compounds were formed in common. Laves phase 
(intermetallic phase) is formed in Co-Mo-Cr-Si alloy 
systems. The Laves phase consists of a hexagonal close 
packed (hcp). This phase is a composite of Co, Mo, and Si 
(like Co3Mo2Si and/or CoMoSi). Since Laves phase’s 
dislocation glide operation is complicated, these phases are 
strong and brittle. Laves phase has the Vickers hardness 
which is between 1000-1200. Generally its hardness 
depends on its composition and how it is produced [20, 21, 
22]. 
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                                                                                (a)                                                           (b) 

 
        (c) 

Figure 4 XRD analysis of specimens, (a) S1 specimen, (b) S2 specimen, (c) S3 specimen. 
 

3.2 Microhardness Tests 
 

The microhardness measurement results taken from 
the coating layers are shown in Fig. 5. The microhardness 
values of coating layers of S1, S2 and S3 specimens are 
415, 462 and 570 HV, respectively. Maximum 
microhardness was measured in the S3 specimen coated 
with 600 A current value. Fig. 2 shows that the porosity 
was decreased with increase of current value. In the plasma 
spraying method, the plasma power was increased by 
increasing the current value. With the increase of the 
plasma power, a less porous coating layer was obtained 
[18, 19]. Microhardness value decreases with increased 
porosity value [23].  Minimum microhardness value was 
measured in the S1 specimen coated with 500 A current 
value. 
 

 
Figure 5 Microhardness values of coating layer of specimens 

 
3.3 Bonding Strength Tests 
 

The bonding strength of specimens coated with Co-
Mo-Cr powder is shown in Fig. 6. Bonding strengths of 
coatings were tested using tensile test machine according 

to ASTM C 633. The bonding strengths of S1, S2 and 
S3coatings were 34.45 MPa, 42.46 MPa and 58.34 MPa, 
respectively. Maximum bonding strength was measured in 
the S3 specimen coated at 600 A current value. The 
adhesion strength between the substrate and the coating 
layer could be improved by decrease of porosity at S3 
specimen. 
 

 
Figure 6 Bonding Strengths of coating layer of specimens 

 
4 CONCLUSIONS 
 

In this study,  plasma sprayed Co based coatings on 
stainless steel alloy were fabricated, and their 
microstructure, hardness and bonding strength were 
investigated using optical microscope, SEM, EDX, XRD, 
microhardness and bonding strength test. 
1)  Typical lamellar structures existed in Co based 

coatings. The porosity exists in all coatings. The pore 
amount was decreased with increasing of current value 
at plasma spray process. 

2) Similar phases are Co3Mo2Si, CoMoSi, Co2Mo3, 
Co3Mo in coating layer of S1, S2 and S3 specimens. 
However, Mo5Si3, CrSi2 and CrCo phases were formed 
in coating layers.  

3)  Microhardness was increased with increase of current 
value. Maximum microhardness was measured in the 
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S3 specimen coated with 600 A current value. 
Minimum microhardness value was measured in the 
S1 specimen coated with 500 A current value. 

4)  Maximum bonding strength was measured in the S3 
specimen coated at 600 A current value. The adhesion 
strength between the substrate and the coating layer 
could be improved by decrease of porosity at S3 
specimen.  
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