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1 Introduction

Surface engineering has changed the traditional ways of 
repairing the surface of the components. It involves many 
techniques that can rebuild or treat damaged surfaces by 
depositing the materials on the surfaces. This deposited film 
will enhance the mechanical characteristics, thereby aids in 
improving the durability of components. These methods 
eliminate the necessity for the new parts since the new parts 
are very expensive and thus can save money and time. Also, 
these methods are more preferred in applications employed 
in hostile environments [1–4]. Some of the widely used tra-
ditional techniques are thermal spraying, chemical vapour 
deposition (CVD), electrodeposition, physical vapour depo-
sition (PVD), hardfacing, etc. These conventional techniques 
have their limitations. The controllability and repeatability 
of the electro and vapour deposition process are tricky [5, 
6]. On the other hand, the thermal spray process can have a 
better bonding behaviour and repeatability compared with 
the deposition process. But this process is not effective for 
smaller and curved substrates due to the low degree of adhe-
sion. In some applications, because of the heat-affected zone 
(HAZ), a series of problems arise after long-term usage [7]. 
The hardfacing technique involves repairing worn-out sur-
faces by recreating them and thereby improving the working 
life. However, the distortion effect produced by the high-
temperature arc greatly limits the usage of this technique 
[8]. The drawbacks of the traditional techniques have been 
overcome by the laser surface treatments.
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Laser surface treatments (LST) involve a high-energy 
laser that melts the substrate’s surface. LST can be applied to 
materials with any geometry, being able to produce excellent 
bonding behaviour with the substrates, rapid, eco-friendly, 
highly efficient and capable of creating coatings with high 
precision [9–12]. These advantages have paved the way for 
implementing LST to improve the tribological properties of 
components that are employed in severe aggressive envi-
ronments [13, 14]. Among the various methods of LST, 
the laser cladding process is mostly preferred for treating 
worn-out surfaces with greater accuracy. The coating mate-
rial is directly deposited on the metal pool at a uniform rate, 
thereby producing an even film of the coated layer. It can 
create effective thick coatings and is majorly employed in 
repairing the components of nuclear reactors, turbine blades, 
boiler tubes, pressurized water reactors, steam turbines, etc., 
which operate in harsh environments [15–17].

Nickel-based superalloys are designed for high-temper-
ature applications since these alloys resist heat even near 
to their melting point. It is a combination of nickel with 
chromium, molybdenum, iron and other refractory elements 
which makes it resistant to high temperatures. Considering 
the design aspects, these alloys exhibit better values of ther-
mal conductivity, low density, elastic modulus and are cost 
effective [18–20]. NiCrMoFeNbTa alloy (Inconel 625) is a 
nickel-based superalloy that is obtained due to the solid solu-
tion strengthening effect of Mo and Nb in the Ni–Cr matrix. 
In addition, these alloys exhibit better fatigue strength, 
higher hardness, greater tensile properties and ductility, and 
provide resistance against local corrosion attacks in intrusive 
environments [21, 22]. The adequate composition of Mo 
(~ 10%) resists crevice and pitting type of corrosion [23]. 
These features made the IN 625 alloy get well adapted for 
a wide range of applications in furnace hardware, chemi-
cal plants, space shuttle engines, heat exchangers, control 
rods, gas turbines, seawater equipments, etc. [24]. Surface 
treatment using the laser cladding process will be a better 
option for improving the anti-corrosion behaviour and other 
mechanical properties of IN 625 components. The choice of 
the coating material is important as it is required to sustain 
in those environments and also it has to aid in improving 
durability. Since higher Cr content provides stable passive 
film during corrosion, the substrate material is preferred as 
the cladding material (IN 625).

D. Virdi et al. [25] analysed the hardness of Inconel 625 
coating produced using laser cladding. Tai-Cheng Chen et al. 
[26] studied the wear behaviour of thermally sprayed IN 625 
films and reported that the formed coating was very stable 
and provided better wear resistance compared with the car-
bon steel. Z. Liu et al. [27] and H.Y.Al-Fadhli et al. [28] 
examined the corrosion and erosion-corrosion behaviour of 

High Velocity Oxygen Fuel (HVOF) sprayed IN 625 coating 
and reported that IN 625 exhibits better resistance towards 
erosion and corrosion than the base samples. Tai-Cheng 
Chen et al. [29] compared the tribological behaviour of IN 
625 coatings and found that the IN 625 coatings experienced 
reduced wear rate, low coefficient of friction, better hardness 
and corrosion-resistant property. Thus, from the literature, it 
is evident that IN 625 will be an appropriate choice of clad-
ding material for improving the tribological properties of the 
critical components. This study is aimed to evaluate the anti-
corrosion of the Inconel 625 coating on the IN 625 substrate. 
The microstructure and hardness of the IN 625 coatings were 
investigated. At various time periods (0, 18, 42 and 70 h), 
the anti-corrosion behaviour was investigated on the IN 625 
and cladded specimens in an electrochemical workstation for 
interrogating the resistance they offered against corrosion. 
After the corrosion analysis, the corroded morphology of 
the specimens was analysed with the aid of FESEM and EDS 
analysis. Moreover, the polarization resistance values were 
compared to further evaluate the resistance offered. Surface 
roughness was evaluated on the substrate and clad samples in 
response to the corrosion resistance. The results of all analy-
ses have been compared, presented and the values tabulated.

2  Experimentation

2.1  Materials and Laser Cladding

Figure 1a represents the morphology of the as-received 
NiCrMoFeNbTa (IN 625) powder particles. From this fig-
ure, the average size of the IN 625 alloy particles is found to 
be 100 ± 25 µm. The elemental composition of the IN 625 
material is tabulated in Table 1. Inconel 625 is selected as 
the substrate material. IN 625 substrate’s surface was rinsed 
by cleaning agents like acetone and then sandblasted. The 
sandblasting process was performed on the rinsed sam-
ples. The surface roughness of the sand-blasted samples 
was found to be ~ 6 µm. After these pre-processing steps, 
the cladding process was executed as depicted in Fig. 1b. 
The process parameters like gas flow rate (shield and carrier 
gas), laser power, scanning speed, powder feed rate, etc. will 
decide the cladding powder distribution and the thickness 
of the cladded layer. The optimized process parameter used 
during cladding is tabulated in Table 2 [30]. This laser beam 
heated the surface, thereby creating the molten metal pool 
[31]. The NiCrMoFeNbTa alloy particles reached this pool 
via a coaxial feeder system. These particles got settled in the 
metal pool which tended to the formation of a finite layer 
of IN 625 particles on IN 625 substrate [32]. The cladded 
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samples were collected, and some post-processing proce-
dures were carried out for investigating the morphology of 
the clad layer. The chemical etching process was performed 
on the diamond polished cladded surface to evaluate the 
microstructure at the cladded layer.

2.2  Corrosion Test

After the cladding process, the substrate and clad samples 
underwent corrosion tests at 0, 18, 42 and 70 h to evaluate 

the resistance they offered against corrosion. The corrosion 
test was performed in an electrochemical workstation. This 
workstation consisted of a three-electrode assembly namely 
the Pt, AgCl and the working electrode (sample). The elec-
trolytic solution was prepared by dissolving 3.5% wt of 
sodium chloride crystals in 100 ml of DI water. This solu-
tion was the same as the chloride content in ocean water and 
was able to induce severe corrosion attacks on the surface 
[33]. As per the ASTM G44-99 standards, the test samples 
were prepared and pre-processed before the corrosion test. 
First, the test samples were cleaned with acetone to remove 
the surface dust and with the help of SiC sheets, the rinsed 
samples were abraded and again cleaned with acetone for 
performing the corrosion test. The substrate and clad sam-
ples were immersed in the NaCl solution for the total dura-
tion of 70 h, and the corrosion test was performed at 0, 18, 
42 and 70 h. After stabilizing the potential and changing the 
scan rate, the corrosion process was performed on the sam-
ples. The Tafel plots were obtained for the IN 625 substrate 
and clad samples and the corresponding current density 
and electrode potential values were tabulated. The corroded 
morphology of the samples was analysed to reveal the pas-
sive film formation along with the corresponding elemen-
tal mapping using the EDS spectra. Moreover, impedance 
analysis was also performed to further interrogate the sam-
ple’s corrosion resistance. The polarization resistance values 
were calculated using the equilibrium circuit, tabulated and 
compared. The surface roughness of the samples before and 
after the corrosion test was evaluated by means of images 
captured using the Scanning Probe Microscope (SPM) and 
laser microscope.

3  Results and Discussion

3.1  Microstructural Examination

Figure 2a represents the optical microscopic image cap-
tured at the cladded layer. The captured image shows that 
the NiCrMoFeNbTa alloy was coated evenly on the IN 625 
substrate and the clad layer is free from voids and other 
defects. This fine deposition is because of the optimized 
process parameters during the cladding process [30, 34]. 
In addition, the optical micrographs show that the clad-
ding layer consists of cellular dendritic microstructures. 
Figure 2b shows that the cladded layer is said to be rich 

Fig. 1  a FESEM picture of as-received NiCrMoFeNbTa (IN 625) 
particles, b Schematic representation of the laser cladding process

Table 1  Elemental composition of IN-625 alloy

Material Ni (%) Co (%) Cr (%) Fe (%) Nb + Ta (%) Si (%) C (%) Mn (%) Mo (%) Ti (%) Al (%)

IN-625 REM 1.00 23.00 5.00 4.15 0.50 0.10 0.50 10 0.4 0.4
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in cellular/dendritic structures with interdendritic phases. 
These phases are distributed in the γ-nickel matrix [35]. 
This fine formation of cellular microstructure in the clad-
ded region is due to the rapid solidification effect after 
the cladding process [36]. The magnified view of Fig. 2b 
is shown in Fig. 2c. From this, it is evident that there is 
a segregation of interdendritic secondary phases in the 
γ-nickel matrix. Since the NiCrMoFeNbTa alloy contains 
notable percentages of niobium and molybdenum, during 
solidification, the γ phase (dendritic) is formed first, fol-
lowed by the precipitation of interdendritic phases, due 
to the effect of niobium and molybdenum. Mostly, these 
secondary phases are rich in carbides of Nb, Cr and Mo 

throughout their microstructure [37–39]. Figure 2d shows 
the point scan image (inset) used for EDS analysis along 
with the elemental graph obtained at the cladded layer. 
From this elemental graph, it is found that the highest peak 
is obtained for nickel followed by chromium and other 
elements. Since, the substrate and the cladding material 
are nickel-based superalloys which constitute for higher 
elemental peaks for the nickel element. The Nb and Mo 
elemental peaks are observed in this graph which proves 
the existence of secondary interdendritic phases. Moreover, 
the elemental concentrations (wt%) of Ni, Cr, Mo, Nb, and 
Fe were measured and the values are 69.27, 18.85, 6.40, 
3.73 and 1.75, respectively.

Table 2  Laser parameters used for cladding process [30]

Material Power Feed rate Scanning speed Preheat temperature Shielding gas flow Carrier gas flow

IN625 1000 W 4 g/min 400 mm/min 150 °C 25 L/min 6 SD @ 100,000/Pa

Fig. 2  a Optical microscopic (OM) image of the cladded region, b FESEM image of the cladded sample representing the cellular structure, c 
Magnified view of b, and d EDS graph in the clad region (Inset: Image used for EDS scan)
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3.2  Nanohardness Evaluation

The material with greater hardness is reported to provide 
better wear resistance [40, 41]. A constant load of 1500 
μN was applied by the diamond probe followed by the 
unloading process, leaving the plastic deformation [42]. 
Figure 3a represents the optical microscopic image used for 
the nanoindentation test. It shows the substrate, interface 
and cladded regions after the cladding process. In Fig. 3b, 
the indentation depth is plotted against the applied load. 
In general, the indentation depth is in inverse relation-
ship with the hardness offered. Greater indentation depth 
will result in lower hardness [43]. From Fig. 3b, it can be 
inferred that the substrate has a greater value of indenta-
tion depth (~ 83 nm) compared to the values obtained in 
the interface (~ 60 nm) and the cladded (~ 41 nm) layer. 
The depth value at the clad layer is one-half of the sub-
strate’s indentation depth value. The nanohardness value 
of the substrate, interface and the cladded layer are 2.57, 
3.02 and 4.39 GPa, respectively. On comparing the hard-
ness values, the cladded layer exhibits higher hardness 
than the interface and the substrate layers due to its lower 
indentation depth. The hardness value obtained in the clad 
layer is nearly twice the substrate’s hardness value. This is 
because of the precipitation of Nb- and Cr-rich carbides as 
the secondary phases in the cladded region [44–46]. These 
precipitates are responsible for improving the hardness at 
the cladded layer.

3.3  Corrosion Test

The major application of IN 625 alloy is in hostile environ-
ments experiencing severe corrosion attacks. The fuel tanks 
of the biomass reactors are reported to contain precipitates 
of chloride and sulphide. These precipitates readily react 

with the IN 625 alloy resulting in the initiation of corrosion 
attacks, thereby reducing the corrosion-resistant behaviour 
[47]. In the case of supercritical boilers, pitting corrosion 
was observed on the Inconel 625 surface due to the salt 
deposits which may turn into corrosive acids after long-term 
use [48]. Mostly at elevated temperatures, the chromium pre-
sent in the IN 625 alloy is oxidized to dichromate which can 
readily react with the formed passive film and thus minimize 
the resistance [49]. The reaction that accounts for the corro-
sion in Inconel 625 alloy is represented in Eqs. (1–7) [50].

The polarization curves obtained from the corrosion test 
of the substrate and the cladded specimens were expressed 
in terms of the Tafel plot as in Fig. 4a and b. The cur-
rent density (I) is plotted against the electrode potential 
(V) and the current remains constant even after increasing 
the potential. No active to passive transitions have been 
reported, which proves that there is a continuity in the for-
mation of oxide film on the samples. The measured V and 

(1)Ni → Ni2+ + 2e−

(2)Cr → Cr3+ + 3e−

(3)Ni2+ + 2H2O ↔ Ni(OH)2 + 2H+

(4)Cr3+ + 3H2O ↔ Cr(OH)3 + 3H+

(5)Cr(OH)3 + Cr → Cr2O3 + 3H+ + 3e−

(6)Ni(OH)2(aq) ↔ NiO(s) + H2O

(7)2Cr3+ + 7H2O → Cr2O
2−
7

+ 14H+ + 6e−

Fig. 3  a OM image used for nanoindentation test representing the three regions, (b) Load to depth plot at the three regions
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I value for the substrate and clad samples at 0, 18, 42 and 
70 h are tabulated in Table 3. In general, lower the value of 
I, higher the corrosion resistance offered [51, 52]. From this 
table, among the IN 625 base samples, the 70 h sample has 
the minimum value of I (2.363 ×  10–7 A/cm2). An increasing 
trend is observed in the I value of 0, 42, and 18 h substrate 
samples, respectively. Hence, the oxide layer developed on 
the 70 h sample is said to be stable and provides better cor-
rosion resistance. The clad samples have been reported to 
exhibit lower current densities and potential values than 
the IN 625 base samples. The precipitation of the inter-
dendritic phases in the γ-Ni matrix accounts for the com-
pact and stable passive film formation at the clad surface. 
These precipitates resist corrosion to a better extent, thereby 
improving the corrosion resistance property. On compar-
ing the current density values from Table 3, the unexposed 
clad sample has the lowest value (6.145 ×  10–8 A/cm2) and 
offers greater corrosion resistance than the other cladded 
and substrate samples.

The corroded morphologies and the elemental graphs of 
the IN 625 substrate samples at different intervals are shown 
in Fig. 5a–h. From the FESEM image of the substrate sam-
ples, the oxide film formed on the 70 h sample is more stable 
than the films of other substrate samples. The other sample’s 
passive film is greatly affected by the  Cl− ions present in the 
test solution which react with the film and form pits during 
the corrosion process. Figure 6a–h represents the FESEM 
images and EDS maps of the clad samples at 0, 18, 42, and 
70 h, respectively. It can be seen that all the cladded samples 
have better film morphology due to the existence of cellular 
structures containing interdendritic carbide phases distrib-
uted in the γ-Ni matrix. These precipitates will withstand 
the corrosion attacks forming a strong passive film. Among 
the cladded samples, the unexposed clad sample has com-
pact and stable film formation and thus offers maximum 

resistance against corrosion than other cladded and substrate 
samples. The elemental compositions obtained from the ele-
mental graphs of the substrate and cladded samples are listed 
in Table 4. Figure 7 depicts the passive film formation on the 
NiCrMoFeNbTa clad layer.

3.4  Electrochemical Impedance Spectroscopy Analysis

The polarization curves show that the cladded samples 
have better anti-corrosion behaviour due to their low I 
values. To further confirm these results, impedance analy-
sis was carried out and the results were plotted as the 
Nyquist and Bode plots, respectively. The Nyquist and 
Bode plot gives information about the real and imaginary 
components of impedance and the phase shift within the 
applied frequency range [53, 54]. Figure 8a and c repre-
sents the Nyquist plot of the substrate and clad samples 
at various time intervals. These plots represent a capaci-
tive loop which proves that the electrochemical reaction 
is dominant during the EIS analysis [55]. Generally, the 
semicircular arc radius of the Nyquist plot determines the 
resistance against corrosion. Greater arc radius results in 

Fig. 4  Tafel graph of: a Substrate and b cladded samples at various time intervals

Table 3  Corrosion test data

Duration E− current (V) I− current (A/cm2)

Substrate 0 h − 0.220 2.892 ×  10–7

Substrate 18 h − 0.188 3.780 ×  10–7

Substrate 42 h − 0.181 3.229 ×  10–7

Substrate 70 h − 0.163 2.363 ×  10–7

Clad 0 h − 0.129 6.145 ×  10–8

Clad 18 h − 0.119 1.624 ×  10–7

Clad 42 h − 0.123 1.415 ×  10–7

Clad 70 h − 0.184 6.651 ×  10–8
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Fig. 5  FESEM image and EDS elemental graphs of the corroded substrate samples at a, b 0 h, c, d 18 h, e, f 42 h and g, h 70 h
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Fig. 6  FESEM image and EDS elemental graphs of the corroded cladded samples at a, b 0 h, c, d 18 h, e, f 42 h and g, h 70 h



607Trans Indian Inst Met (2023) 76(2):599–612 

1 3

maximum corrosion resistance [56]. From Fig. 8a, the 
70 h substrate sample has the maximum semicircular arc 
radius. Other substrate samples experience a decreasing 
trend in their arc radius. Hence, the 70 h substrate sample 
offers maximum resistance to corrosion among the sub-
strate samples. On the other hand, the cladded samples 
exhibit a higher arc radius (Fig. 8c) than the base samples. 
This is due to the formation of a strong passive layer con-
taining carbide precipitates. Particularly, the unexposed 
cladded sample provides significant resistance against 
corrosion since this sample has a maximum arc radius 
than all samples.

The Bode plots will evaluate the resistance charac-
teristic via the area covered by the curves of this plot. 
A larger covered area results in better anti-corrosion 
behaviour [57]. Figure 8b represents the Bode plots of 
the substrate samples. It can be seen that the 70 h sample 

has the maximum area covered than the 0, 18 and 42 h 
samples. Thus, the 70 h sample provides better resist-
ance towards corrosion. On the other hand, all the cladded 
samples have a better area covered than their respective 
substrate samples (Fig. 8d). In particular, the unexposed 
clad sample has a wider area coverage and offers maxi-
mum resistance against corrosion than other cladded and 
substrate samples. In addition, with the aid of an equi-
librium circuit [Inset in Fig. 8d], the polarization resist-
ance value (Rp) was calculated because higher Rp values 
result in greater corrosion resistance [58]. Table 5 lists 
the equilibrium circuit parameters obtained for the sub-
strate and clad samples. Higher Rp values were noticed 
in the clad samples than the IN 625 substrates. Notably, 
the unexposed cladded sample has the maximum Rp value 
(185,900) and provides better anti-corrosion behaviour 
during the corrosion process. Thus, the electrochemical 

Table 4  The elemental 
compositions of different 
specimens after corrosion test

Element C O Si Cr Fe Ni Nb Mo Mn Totals

Substrate 0 h Weight% 18.47 26.08 0.25 14.26 1.25 31.48 3.05 5.17 0.00 100.00
Substrate 18 h Weight % 15.93 18.53 0.14 19.16 1.27 35.08 3.05 6.36 0.48 100.00
Substrate 42 h Weight % 8.92 20.72 0.03 19.62 1.57 37.73 4.05 6.93 0.43 100.00
Substrate 70 h Weight % 10.71 19.19 0.16 17.72 0.74 39.05 4.91 7.52 0.00 100.00
Clad 0 h Weight% 18.39 15.74 0.70 0.00 1.15 47.05 5.59 8.82 2.56 100.00
Clad 18 h Weight% 14.45 9.68 0.15 15.77 1.25 42.63 4.79 10.25 1.02 100.00
Clad 42 h Weight% 20.30 61.46 2.27 12.53 0.45 2.32 0.00 0.00 0.67 100.00
Clad 70 h Weight% 14.31 10.95 0.30 17.07 0.64 45.37 4.18 6.96 0.22 100.00

Fig. 7  Mechanism of passiva-
tion layer formation a NiCr-
MoFeNbTa clad layer, b Reac-
tion of Ni, Cr ions in the clad 
layer with the O ions during the 
corrosion process, c  Formation 
of stable passive film on the 
clad layer due to the effect of 
secondary phase and d As time 
increases, the fragile patches 
start to leave the surface
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studies show the existence of the larger semicircular arc 
radius (Nyquist plot), wider area coverage (Bode plot) and 
greater Rp values in the clad samples thereby proves that 
the cladding process providing better resistance against 
corrosion.

3.5  Surface Roughness Examination

Surface roughness is a way of measuring the irregularities 
present on the surface which influences the wear resistance 
and corrosion rate because rough surfaces have many irregu-
larities (interfacial sites) that are prone to corrosion attacks 
and reduce their resistance [59, 60]. Figure 9a–d shows the 
surface plot and the 2D images captured at the substrate and 
cladded region before performing the corrosion test. The 
average surface roughness value (Ra) in these regions is 
obtained from these images. The base region experiences 
a surface roughness of 29.3 nm, whereas the surface rough-
ness at the cladded region has been found to be 68.3 nm. 

The cladded surface has the highest value because of the 
deposition of NiCrMoFeNbTa alloy particles. On compar-
ing the 2D images of base and cladded samples, it is evident 
that the alloy particles distribution has increased the surface 
roughness in the cladded sample. Figure 10a–d shows the 
3D images captured from the substrate samples at various 
time intervals after the corrosion test. These figures show 
that the surface irregularities present in the 70 h sample are 
lower than that of 0, 42 and 18 h samples. In the case of clad 
samples, their surface seems to be rougher (Fig. 11a–d) due 
to the presence of precipitates of Nd- and Cr-rich carbides. 
In addition, the average surface roughness value (Ra) has 
been calculated for the substrate and clad samples and is 
listed in Table 6. The lower surface roughness value results 
in greater resistance towards corrosion [61]. From this table, 
the roughness value increases as the sample’s exposure time 
increases (18 and 42 h) and then decreases (70 h). This is 
due to the stableness of passive film at 18 and 42 h intervals 
of the substrate and clad samples. At higher intervals (70 h), 

Fig. 8  Nyquist and bode plots of different time intervals a, b Substrate samples, and c, d Cladded samples
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Table 5  Parameter values of 
different elements used in EIS 
analysis

Duration Element Rs Rp CPE
parameter R R Y0 N

Substrate 0 h
(χ2 = 0.98456)

Value 16.245 5394.1 2.72E-05 0.82276
Estimated error (%) 3.344 2.828 6.001 1.14

Substrate 18 h
(χ2 = 1.7414)

Value 17.237 2157.4 3.51E-05 0.79735
Estimated error (%) 4.548 3.42 10.35 1.936

Substrate 42 h
(χ2 = 2.1946)

Value 17.965 4853.1 3.72E-05 0.82308
Estimated error (%) 4.652 4.336 8.976 1.784

Substrate 70 h
(χ2 = 1.4417)

Value 13.193 7326.9 6.72E-05 0.7959
Estimated error (%) 3.786 4.175 5.722 1.265

Clad 0 h
(χ2 = 1.6472)

Value 18.043 185,900 3.15E-06 0.89687
Estimated error (%) 5.458 4.871 5.146 0.851

Clad 18 h
(χ2 = 1.2153)

Value 14.161 27,154 1.26E-05 0.78448
Estimated error (%) 5.17 3.53 5.135 0.941

Clad 42 h
(χ2 = 0.9611)

Value 10.873 36,507 7.90E-06 0.83372
Estimated error (%) 4.716 2.978 4.466 0.75

Clad 70 h
(χ2 = 1.1773)

Value 16.191 78,846 5.77E-06 0.89047
Estimated error (%) 4.11 3.428 4.527 0.776

Fig. 9  3D surface and 2D graph SPM images of a, b Substrate, and c, d Cladded samples before corrosion test
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there will be fragile oxide patches on the film which pave 
the way for a reduction in the surface roughness value. And 
also from Table 6, it is seen that the 70 h substrate and the 
unexposed clad samples have the lowest surface roughness 
values (2.908 µm and 6.678 µm) and offer maximum resist-
ance against corrosion than the other substrate and cladded 
samples. And also, all the cladded samples have higher sur-
face roughness than the substrate. This is due to the precipita-
tion of interdendritic secondary phases in the cladded region. 
Hence, the cladded samples offer greater corrosion resistance 
with increased surface roughness values.

4  Conclusion

In this work, the laser cladding of NiCrMoFeNbTa 
alloy particles on the IN 625 substrate was performed. 
The characteristics of cladded samples like corrosion 
resistance, hardness, surface roughness and the cladded 

microstructure were analysed and the results are summa-
rized as given as follows:

The optical and FESEM images captured at the clad 
layer show the presence of cellular/dendritic structure with 
interdendritic secondary phases that are distributed in the 
γ-nickel matrix. Moreover, the secondary phases are rich 
in the carbides of niobium and chromium which alter the 
mechanical properties like hardness and surface rough-
ness. The cladded layer experiences a higher hardness 
(4.39 GPa) than the interface and substrate region. The 
cladded samples have better passive film, and in particular, 
the unexposed clad sample provides maximum resistance 
as it has the minimum current density value. In addition, 
the cladded samples have a comparatively higher Rp and 
Ra value and provide better corrosion resistance than the 
substrate samples. Thus, laser cladding of NiCrMoFeN-
bTa alloy particles shows improved corrosion resist-
ance and hardness property. Hence, it is well suited for 
improving the working life of the components in hostile 
environments.

Fig. 10  3D surface plot obtained after the corrosion test using laser microscope for the substrate samples at a 0 h, b 18 h, c 42 h, and d 70 h
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