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Abstract
The nickel-iron-chromium (alloy 20) is enriching by hybrid surface treatment through plasma nitride (PN)
and physical vapor deposition (PVD) process. The plasma nitriding process takes 12 hours at 500°C.
Potentiodynamic testing is used to characterize the corrosion performance of the treated material,
followed by morphological analysis of the exposed surface; XRD, EDX, SEM, hardness, and tensile testing
are used to investigate appropriate coating properties. Plasma nitride and hybrid PVD nickel-iron-
chromium alloys exhibit perlite (γ + α ’) phases and martensite (γ + α) phases, respectively. The
martensite microstructure ensures superior tensile strength and hardness. The pin-on-disc tribometer test
proposes to analyze friction and hard-faced behavior in the dry sliding position. The inclusion of Si
improves the adherent oxide �lm, resulting in a low wear rate in TiAlSiN alloy 20. Due to the presence of
the passive �lm, TiAlSiN alloy 20 exposes the most passive region to attain better corrosion resistance. 

1. Introduction
Nickel (Ni) - Iron (Fe) –Chromium (Cr) alloy (Alloy 20) is highly desirable for use in aggressive chemical
environments with excellent mechanical properties due to its composite properties. The presence of
chromium (Cr) provides an inert �lm of Cr2O3 on the alloy surface, giving it signi�cant passivation [1–4].
However, with lower surface hardness (210 HV), the resulting mechanical wear resistance (abrasion and
adhesive) is limited. Therefore, surface protection with hardening treatment such as PVD coating and
plasma nitriding attracted more attention. [5–7]. Based on the literature review [8 & 9] In the plasma
nitriding process at low temperature (500°C), PN prefers Ni-Fe-Cr-based FCC austenite structure alloy.
When subjected to low temperatures, the alloy behaves similarly to austenitic steel. If the temperature of
the Ni-based alloy rises above 500°C, it forms a dark etched CrN precipitate on the surface. Plasma
nitriding also leads to the hardening of the Ni-rich alloy, which enriches the surface properties of various
nitride components (NixN, FexN, CrxN) [10–12]. The atomic-scale structure of the nitrogen-modi�ed
surface zone has been reported to be trapped in octahedral aspects by nitrogen chromium, which has
developed a short-distance distribution order. Both long-order Fe4N and short-order Cr-N are
stoichiometric nitrides with compound phases in the surface zone. [13–15].

A surface coating of anti-wear for pre-nitriding material enhanced nitriding durability. Physical vapour
deposition (PVD) coating or chemical vapour deposition (CVD) coating can be used to deposit these
coatings. They have excellent mechanical qualities, particularly good adhesion and abrasion resistance
of the material layer on the surface. The nitriding substrate was protected from local damage and
oxidation by the coating, while the nitride diffusion layer shows a reduction in the steady-state of varying
hardness, with an intermediate layer installed between the hard coating and the soft substrate.

This prevents cracking and coating removal from the substrate. PVD coating creates a rough surface
layer, which leads to removal and exclusive wear when using high normal loads. This mechanism of
hybrid PVD treatment is shown in Figure 1. TiAlN surface coating can improve enhanced tribology
properties by oxidation since the formation of Al2O3 stable phases. However, microstructure changes



Page 3/15

from the cubic (B1) to the hexagonal (B4) phase reduce the antioxidant and mechanical properties at
higher temperature environments. TiAlN has offered good wear resistance, but it also improves the wear
resistance of diverse components with a greater friction coe�cient [16-18. Most researchers have studied
the antioxidant, mechanical properties and structure of TiAlSiN coatings using various deposition
process techniques. Veprek et.al [19] tested the TiAlSiN form with a vacuum arc evaporation coating
process and observed exceptional thermal stability and mechanical properties. According to TiAlSiN [20],
Si plays a very important role in asset resolution, establishing 2% of Si with signi�cant thermal stability
and maximum hardness (54 GPa). PN and PVD methods are manufactured with low process temperature
coating layers with low harmful substrate mechanical properties. Due to the low temperature process PN
can form a shallow diffusion layer and a thin composite layer. It has a 200 - 300% better service life [21]
when using the hybrid dual surface treatment on materials. Plasma nitriding stimulates the intermediate
layer and increases the adhesion of the PVD coating to the substrate [22].

This current experiment was conducted to produce substantial hybrid treatment material with plasma
nitriding and TiAlN / TiAlSiN PVD coating alloy 20 materials. The study aims to achieve the best wear
and corrosion resistant material with the appropriate surface treatment method. This study also analyzed
the impact of microstructure on the concentration of tribology properties. The wear and wear
characteristics of the materials have been evaluated by various standards such as Pin-on-disc, Pin-on-
drum, Pin-on-�at and reciprocal ball-on-�at [23].

2. Experimental

2.1 Test Material
The subtract material is Alloy 20, which has the following composition (in weight percent): 38 Ni, 29.85
Fe, 21 Cr, 4 Cu, 3 Mo, 1 Nb, 1 Si, 0.07 C, 2 Mn, 0.045 b, 0.035 S. A 350 mm X 350 mm square plate with a
thickness of 2 mm was used to make the test specimens. Table 1 shows the preparation of three types of
samples.

Table 1
Description of Hardening processed specimens

Specimens Hardening Process

PREPN Plasma nitriding subjected on Alloy 20

PREPN / TiAlN POPVD Alloy 20 was plasma nitrided �rst, and then TiAlN PVD coating has
applied.

PREPN / TiAlSiN
POPVD

Alloy 20 was plasma nitrided �rst, and then TiAlSiN PVD coating has
applied.

2.2 Pre Plasma Nitriding and Post PVD Treatments
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Dry air blasting removed dust and moisture from the material surface. The PREPN process was carried
out at 500˚C material for 12 hrs in a vacuum chamber. A combination of 75% nitrogen and 25% hydrogen
was used to maintain in the vacuum chamber. The PREPN process was then commercially deposited
TiAlN / TiAlSiN coating using PVD processes. The PVD process was carried at 450˚ C, 2 x 10-3 Pa
vacuum pressure Ar: N2 gas mixture 19: 4. The γ ray non-destructive was used for surface defects of
hardened materials. Electron scattering X-ray (EDAX) analysis, scanning/transmission Electron
microscopy (SEM / TEM) used to study the morphology and metallurgy.

The macro/microstructure study was carried out on a hard surface measuring 10 mm x 10 mm x 2 mm.
The surface of the study material was diamond polished using various emery sheets. Sheet grid sizes are
200,400,600,800, and 1200. Refresh the specimen with distilled water to achieve look like mirror surface.
Finally, the surface polished by NaCl (70%) + HCl (30%) solution. The hardness was examined by the
Vickers hardness method with a load of 500 kg and a 10-second interval at a regular distance of 0.25
mm. The hardness was examined by the Vickers hardness method under a weight of 500 kg at 10-second
intervals at a regular distance of 0.25 mm.

3. Results And Discussion

3.1 XRD Analysis
X-ray diffractogram analysis of alloy 20 material is shown in the �gure 2 (a). A previous investigation [26]
revealed that the alloy 20 γ austenite phases peaked with the face cubic centre. The diffractogram for the
plasma nitriding alloy 20 are signi�cantly changed from the basic specimens. It has provided two
predicted FCC phases. The iron nitrides γ’Fe4N (200) / γ’Ni4N (221) and expanded austenite γN (111) are
observed as the higher order of nitrogen atoms. This shows that the alloy 20 austenite lattice expanded
to γN during the nitriding process. Notably, the γFe4N (200) lattice expansion reaction is larger than the
γN (111) re�ection. It has been proposed that the expansion γN of the heterogeneous lattice. This
expansion suggested that the nitrogen and plastic decomposition retained in γN may be limited. The
presence of a slip line on the nitriding surface demonstrates this effect. This effect induced micro
pressure on the nitriding layers [24 & 25]. Other than limited Fe2−3N (021) and iron oxides (FeXOX) peaks
(400), the dual morphology of alloy 20 in γ'Fe4N / γNi4N is observed. Figure 2 (b) shows X-ray
diffractogram of the phase components of PREPN / TiAlN POPVD treatment alloy 20. The Ti (103) / TiAl
(113) peaks are observed at the speci�ed angular range of 20˚ to 45˚ due to the POPVD coating. These
peaks are known as titanium aluminium nitride TiAlN (206) and titanium nitride TiN (221), Ti2N (222),
Ti2N (220), as well as another high-order peak Fe (110). These peaks form a thick composite layer. No
antioxidant peak was shown from this specimen. Oxidative peaks are dissolved during TiAlN POPVD
evaporation processes in the PREPN process.

γ’Fe4N/ γ’Ni4N or εFe2−3N → αFe + {N}released
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X-ray diffractogram analysis of PREPN / TiAlSiN POPVD hardened alloy 20 is presented in �gure 2 (c).
The Si3N (106) and AlN (200) are referred peaks to as TiAlN POPVD peaks. Hybrid hardening alloy 20
revealed excellent peaks as a presence of the composite layers. Reduce plastic deformation by the
release and scattering and evaporation of nitrogen atoms by the POPVD compressive stresses [27 & 28].
TiAlSiN POPVD propagated the microstructure of amorphous Si3N crystals and solid solution
compounds (TiN, AlN, and SiN).The presence of Si achieves a uniform distribution with the grain re�ning
and amorphous silicon nitride percolation phenomenon of crystals. High-quality TiN �lms may be
composite with the formation of the Si and Al. POPVD hardened alloy 20 material appears to be golden
by presence of δTiN.

3.2 Microstructure characterization of PREPN alloy 20
Figure 3 shows the surface morphology of hardening alloy 20. The SEM examination demonstrates that
the difference between the treated sample surface and signi�cant development in surface morphology.
Figure 3 (a) shows that the PREPN applied at 500°C for 12 hours during diffusion was effectively
transferred to γ + α’ which was converting the austenite phase to pearlite [26]. Even when low
temperatures are used, the phase and boundaries where transmission may be the cause of the time
duration. It is believed that pearlite contributes to improved hardness. Dual-phase and twin boundaries
can be induced in the microstructure. Twin boundaries expose by shear stress and plastic deformation
during the plasma nitriding process. Nitrogen becomes trapped and acts as a barrier to nitrogen diffusion
when it reaches the twin boundaries. The SEM analysis reveals that sharp grain boundaries as ion
sputtering selective etching and expanded austenite an isotropic swelling. Figure 3 (a) shows a slip step
owing to surface deformation by pearlite layer expansion. SEM analysis reveals composite layer and the
diffusion layer. The diffusion layers exist as a result of N and nitrogen diffusivity. The compound layers
attribute γ’Fe4N, εFe2-3N, and composite nitrides. The SEM analysis reveals that the concentration of
nitrogen decreases from the surface. Because of mobility and temperature, the major alloy components
Cr – Ni have no discernible redistribution throughout the compound layer. The oxide layers can be formed
during diffusion by post–oxidation with air and/or pre – oxidation vacuum. PREPN alloy 20 has a grey
colour due to the precipitation of nitrides and oxides on the surface. Figure 3 (b) shows the presence of
micro cleavage cracks, voids, pinholes, and pores caused by oxygen passing through the grain
boundaries and pores, as well as strain and deformation during cooling. The EDX analysis of plasma
nitride alloy 20 is shown in Figure 3 (c). Nitrogen is evenly distributed across the treated surface. Sudha et
al [29] discovered that the peak composition was the thermodynamic unstable compound formation in
the nitride layers (Ni, Fe, Cr, and MnXN).

3.3 Microstructure characterization of PREPN / POPVD
alloy 20
The cross-section SEM images in �gure 4 (a) illustrate the low composite layer thickness of 12µ m TiAlN
POPVD alloy 20, while comparing with 13 µm TiAlSiN POPVD alloy 20 in �gure 4 (b). Rich composite
layer formation can occur with Si presentation re�ning grain sizes. Hybrid treatment specimens scatter
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particles during POPVD, �lling pores and voids to form a smooth and dense TiAlN / TiAlSiN form. TiAlSiN
POPVD SEM depicts a low-density dense image. Because of the low concentration of nitrogen and iron
on the surface; Nitrogen and iron peaks were not found in the XRD analysis.

Figure 4 (c) depicts the PREPN / POPVD microstructure. The POPVD process triggers the application of
450°C in PREPN alloy 20 for microstructure change. The austenite and perlite (γ + α ) phases promote the
martensite (γ’ + ε) phases. PREPN / TiAlN POPVD alloy 20 does not reveal any evidence of pinholes or
voids in the surface texture. POPVD was used to deposit TiAlN under the speci�ed conditions. Pedro
Henrique Teshima Shioga et al [30] concluded process conditions contribute to developing ε and γ the
composite layers and improve the hardness of the surface. The diffusion of titanium and iron particles
during coating caused this smooth deposition. Although the deposition discussed in the wear analysis is
not di�cult, the spread also improves adhesion. The microstructure of the treated alloy can be
established by forming the FCC (Ti, Al) N phase obtained by converting Al into the cubic titanium nitride
phase. [31 & 32]. As a result, smooth surface forms. Figure 4 (d) depicts the formation of microstructures
primarily composed of Si, where the lattice expands at the column boundaries, N mobility and
displacement decrease. The TiAlSiN �lm showed signi�cantly improved hardness, which may be due to
the crystalline re�nement due to the correlating of Si in harmony with the Hall-Betch relationship [33].
However, based on the Hall-Pitch effect, it is expected that Al integration will increase rigidity. Also,
Nguyen Dang Nam et al [34] noted When added TiAlSiN surface coating revealed amorphous Si3N4

nanostructures with including solid –solution (Ti, Si, Al) N crystals. The signi�cant grain distribution
along with Si3N4 penetration was exposed. That is why an enhanced coating harness was achieved.

3.4 Corrosion Analysis of hardening alloy 20
Figure 5 shows that the results of the potentiodynamic cycle Polarization test of the hybrid surface
treated alloy 20. At the potentiodynamic polarity, the test can easily assess the corrosion of the sample by
using Ecorr and Icorr values. Table 2 mention potentiodynamic corrosion values. The high polarization
resistance (Rp) is similar to low corrosion current density (Icorr) has excellent general corrosion
resistance. The Icorr of PN /TiAlSiN is observed as 1.031 mA/cm2 which is better than PN / TiAlN and
PREPN 1.544mA/cm2 and 1.728 mA/cm2 respectively.

Table 2
Potentiodynamic electrochemical parameters

Samples Ecorr (mV) icorr (mA/cm2) Vcorr (mm/year)

PREPN -469.54 1.728 20.442

PN / TiAlN -486.93 1.544 17.895

PN /TiAlSiN -503.18 1.031 16.185

The PREPN TiAlSiN Alloy 20 has a higher corrosion resistance than other specimens because of its
robust passivating layer and compressive residual stresses. Similarly, Figure 5 and Table 2 show that
PREPN exhibited lower passivation than hybrid-treated specimens. Since all specimens have a hysteresis
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loop, they all represent the possibility of corrosion reduction. The polar curves of the specimen revealed
the passive layer breakdown capacity and corrosion current density. The polarization curves of the shot
peening specimen show that the passive layer decreases as the current density increases. The potential
voltage is proportional to the signi�cant parameter and the rate of corrosion. Figure 5 shows that material
decomposition occurs at a maximum rate in the better active and passive regions, which indicates the
dissolution of the oxidation layer. This type of transition is not present in the coated specimen
polarization curve. This could be due to the presence of an active ion diffusion �lm passing through the
inter column. It should be noted that the rest point of TiAlSiN alloy 20 (c) is improved over PREPN alloy
20. (a).

Microstructure reinforcement and compressive residual stress caused by shot peening can have an
impact on these effects. The compressive residual stresses and grain reinforcement due to plastic
decomposition may be affected by increased corrosion resistance [26]. Micro pits were found on the
surface of the TiAlN / TiAlSiN samples, as shown in Figure 6 (b). The martensite phases of the
TiAlN/TiAlSiN samples regulated elite corrosion and con�rmed the presence of micro pits. The corrosion
surface of the TiAlN / TiAlSiN sample is depicted in Figure 6 (c). The addition of silicon with TiAlN
affected grain growth, which resulted in better surface corrosion. There were small pits on the TiAlN /
TiAlSiN treated surface and there was limited evidence for excessive corrosion damage.

3.5 Wear Analysis of hardening alloy 20
Wear rate was analyzed by mass loss data and SEM analysis as a function of the normal loads (2KN,
4KN, and 6 KN) used during the �exible wear test conducted at 15-minute intervals. The PREPN was
reported as signi�cant losses. The illustration demonstrates that the clearly varying mass loss was
logical with loads. Under low normal loads (2 KN and 4 KN), PREPN / TiAlN POPVD alloy 20 showed
minimal weight loss; however, there was a signi�cant loss at 6 KN. PREPN / TiAlSiN POPVD Alloy 20
exhibits minimal loss despite excessive normal load conditions. This is approximately 35% and 15%
compared to PREPN and PREPN / TiAlN POPVD Alloy 20. The POPVD treatment alloy offers excellent
wear resistance due to the adhesion properties already mentioned in the PREPN / POPVD microstructure
analysis. From these results, PREPN and PREPN / POPVD coating established the largest and smallest
wear ratio degree, respectively. SEM analysis of wear tracks is shown in Figure 7.

Figure 7 (a) shows the wear analysis of the PREPN alloy 20. It reveals a rough surface with some pits,
holes and grooves leading to adhesive wear. Figure 7 (b) was very smooth on PREPN / TiAlN POPVD
Alloy 20 with minimal pits and micro holes, cracking lines. The density of the traces was relatively low
compared to PREPN alloy 20. This ensured moderately low wear due to the composite layer and surface
hardness. Figure 7 (c) None of the groove lines found on PREPN / TiAlSiN POPVD Alloy 20 show only
micro pits and holes. Results PREPN / TiAlSiN POPVD Alloy 20 wear appears to be relatively minimal.
This could be due to the thick composite layer's high surface hardness and impressive adhesive
properties. Subakanya Kansaiyapham et al [35] discovered that the TiAlSiN coating has better dry wear
resistance and a maximum longer sliding distance than the TiCrAlSiN and TiN coatings.
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3.6 Mechanical Properties’ analysis of PREPN and PREPN /
POPVD alloy 20
Figure 8 shows the evolution of hardness for PREPN, PREPN / TiAlN POPVD, PREPN / TiAlSiN 20
materials. Base alloy 20 substract hardness 218 HV improved to 238 HV by PREPN Alloy 20. The PREPN
was upgraded due to the austenite expanded by Perlite (γ + α ’) phase change and thermo strain
processing. Retained oxygen may affect hardness. PREPN / TiAlN POPVD alloy promotes hardness up to
275 HV with phase transformations of martensite (γ + α). Not only might microstructure alterations help
to promotion, as could rich composite layers on the surface. The presence of Si in PREPN / TiAlSiN
POPVD enabled higher hardness to 283 HV due to improved grain structures.

The tensile strength of the treated alloy 20 material is shown in Figure 10. PREPN alloy 20 has tensile
strengths ranging from 620 MPa to 648 MPa. The presence of compressive stress produced by the
PREPN process resulted in improved tensile properties. During tensile load, micro split cracks and
pinholes propagate the cracks. The hybrid treatment aids in the improvement of tensile properties.
Because of its perlite microstructure and higher hardness, PREPN / TiAlN POPVD alloy 20 has increased
tensile strength to 646 MPa. The compound layer and perlite constitute low ductility phases, which
improve the material's tensile strength and rigidity. Tensile strength of up to 685 MPa is promoted by
PREPN / TiAlSiN POPVD. This specimen had a rich composite layer with Si presence and less evidence of
surface pinholes cracking. In comparison to other models, there were few failures. The martensite phase
is better ductile than the perlite phase, which has a higher tensile strength.

4. Conclusion
Investigation of the microstructure and tribology characteristics of PREPN and TiAlN / TiAlSiN POPVD in
alloy 20 materials follows

According to the experimental results, the surface-treated alloy 20 outperforms PREPN / TiAlSiN
POPVD, PREPN / TiAlN POPVD, and PREPN alloy 20.

The Microstructure analysis reveals that too (γ + α’) Pearlite and to (γ + α) Martensite Phases on
PREPN and PREPN / POPVD alloy 20 respectively. The phases have been occurring by thermo and
thermo-chemical process care of above hardening process

The PREPN / TiAlSiN alloy 20 exposes exclusive wear rate and corrosion resistance as 35% and 30%
higher than the PREPN alloy 20.

Due to its hardness of 283 HV and tensile strength of 685 MPa, high adhesion, and rich composite
layer, PREPN / TiAlSiN Alloy 20 develops superior properties compared to the other two specimens.
Furthermore, the presence of Si improves grain boundaries in (γ + α) martensite phases.
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Figures

Figure 1

The PVD Process of Hybrid Treatment 
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Figure 2

XRD analysis of (a) PREPN alloy 20, (b) TiAlN POPVD alloy 20 and (c) TiAlSiN POPVD

Figure 3

(a) and (b) Microstructure analysis of PREPN alloy 20 (c) EDX analysis of PREPN alloy20

Figure 4

(a) Compound layer thickness of TiAlN PREPN / POPVD (b) Compound layer thickness of TiAlSiN PREPN
/ POPVD (c) Microstructure analysis of TiAlN PREPN / POPVD (d) Microstructure analysis of TiAlSiN
PREPN / POPVD
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Figure 5

Potentiodynamic curves of PREPN and TiAlSiN/TiAlN POPVD alloy 20

Figure 6

Corrosion morphology of (a) PREPN alloy 20, (b) TiAlN POPVD alloy 20 and (c) TiAlSiN POPVD

Figure 7

SEM analysis of (a) PREPN alloy 20, (b) TiAlN POPVD alloy 20 and (c) TiAlSiN POPVD
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Figure 8

Hardness analysis of Treated alloy 20
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Figure 9

Tensile specimen of Treated material

Figure 10

Tensile analysis of Treated alloy 20


