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Abstract

In the present study, the TiAIN coatings were deposited on Martensitic stainless steel AISI410 using PVD sputtering tech-
nique. In this investigation, the adhesion strength, microstructure, mechanical properties were studied via X-ray diffraction
(XRD), non-indentation, and micro-scratch tests. The effect of TiAIN coating on scratch test was also examined by Scan-
ning electron microscope (SEM). Also, a corrosion resistance of the substrate and TiAIN-coated specimen in 3.5% NaCl
was evaluated by potentiodynamic polarization method. It was observed that the TiAIN coating exposes superior corrosion

resistance than uncoated AISI410 specimen.
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1 Introduction

A high alloy stainless steel is used in various applications
like gas turbines, engine cam, piston rings, engine inlet
value, shafts, heat exchangers in petrochemical industry,
impeller, bolts, screws, bushings, nuts, and nozzles [1]. In
later years, corrosion behavior of nanostructured materials
or coatings is an important topic in corrosion field. Corro-
sion of iron or steel and high alloy steel is affected by the
environment to which these are exposed [2]. Recent surveys
indicate that 80% of the full price for the protection of metals
is related to coating application. The PVD (physical vapor
deposition) methods are usually used nowadays for develop-
ment of the corrosion, mechanical, and other properties, of
a broad range of engineering materials [3—5]. Many recent
reports have shown the development made for cutting and
drilling lifetime vs speed show, wear and friction reduction,
and corrosion resistance when these materials are used in
the PVD coating of the tools [6]. Equally, one of the major
milestones in the advances of hard coating development,
TiN coating was produced in the early 1970s [7] and this
hard coating has played a vital role in surface engineering
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parts for two decades because of high hardness over 20GPa
[8]. Transition metal nitride-based hard coatings (especially
TiN) have been effectively used for the materials cover since
the commercialization of PVD TiN coatings in early 1980s
[9-14]. Kalss et al. [15], the beginning of the production of
the coatings to be used in cutting applications, TiN films
were chosen due to their good mechanical properties. How-
ever, the loss of hardness and oxidation of these coatings,
at cutting temperatures, refrained the cutting speed. The
main part of Al in TiAIN coatings overcomes the oxidation
problems due to the comportment of a superficial layer of
Al,O; formed at high temperatures [15-23]. In comparison
with TiN-based coatings (e.g., TiAIN), CrAIN coatings have
been reported to exhibit higher oxidation resistance, as both
the chromium and aluminum could form defensive oxides
which repressed oxygen dispersion TiAIN thin films are now
commercially obtainable as wear-resistant coatings for high-
speed machining, due to their high hardness, excellent oxida-
tion, and corrosion resistance [16, 24—32]. The present work
aim has been focused to compare the corrosion behavior of
TiAIN PVD coating deposited on martensitic stainless steel
AISI410 using the Polarization Test method.
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2 Experimental Details

The Martensitic stainless steel AISI 410 (composition P
1.0%, Mn 1.0%, C 0.15%, Cr 13.5% S 0.03% Si 1.0%) is
used as the substrate material. The specimen with a dimen-
sion of 24 mm @ X 12 mm thick was milled from the stain-
less steel AISI410 and maintained the surface roughness
between 0 and 0.67 pm by conservative machining pro-
cesses such as turning, facing, and grinding. Prior to sur-
face coating, the steel surface was cleaned using trichlo-
roethylene solvent. After degreasing the specimen, surface
was free of grease, oil, and oxide scales, which would
then have a harmful effect on the bond of the coating. The
TiAIN PVD coating with a thickness around 3.06 + 1 um
was sputtering on the AISI410 steel surface. After PVD
coating, the physical appearance of the TiAIN coating,
coating color, uniformity, and the occurrences of any gross
defects were inspected visually. The microstructure of the
TiAIN-coated surface was evaluated by an optical micro-
scope. The surface structure of the TiAIN-coated surface
and grain size of the thin coated surface were measured
by scanning electron microscopy and scherrer formula
[33] from XRD diffractogram. The corrosion resistance
of TiAIN-coated and uncoated AISI410 steel in 3.5%
NacCl was assessed by potentiodynamic polarization stud-
ies, using a potentiostat/galvanostat/frequency response
analyzer of ACM Tools. The three electrodes are working
electrode as a TiAIN and uncoated AISI410 steel, while a
saturated calomel electrode and a graphite rod helped as
the reference and auxiliary electrodes. These three work-
ing electrodes were exposed to the 3.5% NaCl only a part
of 1 cm?. The potentiodynamic polarization evaluated was
carried out from OCP at a scan rate of 10 mV/min with a
potential range from —250 mV versus SCE in the cathodic

direction to +250 mV versus SCE in the anodic direction.
The Tafel extrapolation method was used to estimate the
corrosion potential (E, ) and corrosion current density

(icorr) .

corT

3 Results and Discussions
3.1 Coating Characterization

The optical micrographs of the uncoated and TiAIN-coated
substrate are shown in Figure 1. The particle size of the
TiAIN coating was evaluated by Scherrer formula from
XRD diffractogram. This result shows that the particle size
of TiAIN coating was found as 09 nm. Also, the observed
TiAIN coatings are uniform and violet gray in color.

3.2 Estimation of Porosity

The TiAIN coatings deposited on a stainless steel mate-
rial AISI410 by the PVD sputtering method are generally
porous in nature while the porosity of coatings deposited
by PVD sputtering method depends on the chemical com-
position of the operating conditions. The porosity of TIAIN
coating deposited on AISI410 steel were determined by
the following method: A strip of filter paper (20X 50 mm)
was immersed in a solution mixture having 10 g/l potas-
sium ferricyanide, 15 g/l sodium chloride, and 5 g/1 gelatin.
Subsequently, the filter paper was carefully applied to the
coated AISI410 steel sample for 1 min. During this period,
the ferrous ions from the uncoated spaces of the AISI410
steel sample would have reacted with ferricyanide existing
in the filter paper, resulting in the development of Prussian
blue color complex in the filter paper. Hence, a measure of
the number of blue spots (Prussian blue color) developed in

Fig. 1 Optical micrographs of the surface a uncoated and b TiAIN-coated surface
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the filter paper strip per unit area could provide an estimate
of the porosity of coatings. This examination is effective
in identifying the uniformity of the coating and in locating
the occurrence of any gross defects such as bare patches
[34-36].

3.3 Progressive Load Scratch Test

The Scratch test was performed on TiAIN coating with a
load range of 1N to 150N. It is observed that the critical load
LC; describes the vital role of coating adhesive strength.
Figure 2 shows that the three different systems were identi-
fied on TiAIN Coating scratch test, at the base of the acous-
tic emission (AE) and tangential force (Ft) measured as a
function of normal load (Fn). The test result of critical load
LC; describes that the beginning of the coating peeling
was observed by optical microscope as exposed in Figure.
3. Furthermore, the critical load of LC5 describes that the
full supremacy of the TiAIN coating on AISI410 steel was
observed by optical microscope and frictional force. Accord-
ing to the test result, the average adhesive strength (LC;)
and total delamination (LCs) of the TiAIN coating are 24N
and 79N.

3.4 Surface Morphology

Figure 4a shows the surface morphology of the TiAIN coatings
deposited on AISI410 steel substrate using PVD technique. It
is noted that the TiAIN coatings have uniform microstructure
all over the AISI410 steel surface. The TiAIN coating contains
some pores and inclusions as observed in the microstructure.
The porosity of the TiAIN coating is 0.4%. The cross sec-
tion of the TiAIN coatings with a thickness is 3.06 pm =+ 1
as shown in Fig. 4b. The particle size of the TiAIN coating

Fig.3 Optical Images revealing the surface damage during PLST at
1 to 150N

was evaluated by Scherrer formula [33] (Eq. 1) from XRD
diffractogram as shown in Figure 5. The particle size of the
TiAIN coating is 15 nm which proves higher hardness than
the uncoated AISI410 steel. Figure 6 shows the SEM micro-
graph along with EDS analysis of uncoated and TiAIN-coated
AISI410 steel. The EDS analysis is evidence which shows the
presence of Ti (62.2%) as the main along with Al (33.85%)
and N (3.94%). In addition, the case of uncoated AISI410 steel
shows the presence of Fe (74.91%), C (11.92%), Cr (8.83%),
O (3.16%), and Si (1.18%).

D =0.9A4/Bcos#, (D)

where D is the grain size of the coated samples, 4 is the
X-ray wavelength, and B is the full-width at half maximum
of a Bragg peak.
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Fig.4 a Surface morphology and b Cross section of TiAIN coating
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Fig.5 X-ray diffraction pattern for TiAIN-coated surface illustrated
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3.5 Corrosion Behavior of TiAIN Coating Deposited
by PVD Method

The potentiodynamic polarization curves of the uncoated
AISI410 steel and TiAIN-coated AISI410 steel are shown
in Figure 7. The corrosion density and corrosion potential
values for uncoated and TiAIN-coated AISI410 steel are
shown in Table 1. The intersection of the extrapolation of
anodic and cathodic Tafel curves is used to evaluate the cor-
rosion current density and the corrosion potential values.
The TiAIN coating has performed best corrosion resistance
when compared with uncoated substrate. The test result of
the protective efficiency, Pi (%) of the films can be calcu-
lated by Eq. (2). The TiAIN coating shows highest protective
efficiency of 34.15% because of low current density by 3.5%
NaCl solution at room temperature [9].
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Fig.6 Energy dispersive X-ray analysis of a uncoated steel and b TiAIN-coated steel
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Pi (%) = [1 - [’,30”

and °
corr

where i,

Fig. 7 Potentiodynamic polari-
zation curves of uncoated and
TiAlIN-coated steel in 3.5%
NaCl solution

Table 1 Corrosion potential
(E,), corrosion current density

(iorr) and corrosion rate of
uncoated and TiAIN composite-
coated steel in 3.5% NaCl

solution

Fig.8 Protective efficiency
and Polarization resistance of
uncoated and TiAIN-coated
steel

x 100

Further, the corrosion rate (i) of the specimens was

(2)  obtained using the Stern-Geary [2] Eq. (3).
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where fa is anodic Tafel slope, fic is cathodic Tafel
slope, Rp is polarization resistance, and Z is a function of
the Tafel slopes.

The porosity value is obtained from Eq. (4) and the test
value is shown in Figure 8.

Rpm _ | AEcorr.

F(%) = [L x 1077 ]] x 100, @)
Rp

where AE_ . is the corrosion potential variance between

the uncoated and TiAlN-coated substrate, Rp is the polari-
zation resistance of the TiAIN-coated substrate, fa is the
anodic Tafel constant of the specimen, Rpm is the polariza-
tion resistance of the specimen, and F represents porosity.
From this analysis, due to the higher porosity of uncoated
specimen, the corrosion current density is quite higher than
TiAIN coating as shown in Table 1.

4 Conclusion

e The SEM analysis confirms that the surface structure of
the TiAIN coating is uniform.

e The XRD and SEM with EDS analysis confirm the com-
position of coatings.

e The scratch test result confirms the Adhesive strength and
total domination of the TiAIN coating are 24N and 79N.

e The TiAIN coating shows highest protective efficiency
of 34.15% because of low current density by 3.5% NaCl
solution at room temperature

e The TiAIN coating performs very well and showed better
corrosion resistance than the uncoated AISI410 steel as
evident from corrosion current density and polarization
resistance.
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