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Abstract. Titanium carbo-nitride coatings were deposited using plasma-assisted physical vapour deposition technique on
Al-7075 aluminium alloy plates. Studies were conducted to understand the bonding between the coating and substrate, and to
examine the wear- and corrosion-resistant properties under heat treatments. The nature of bonding was characterized using
scanning electron microscope. The pin-on-disc wear test, according to G99 ASTM standard, displayed the frictional force,
coefficient of friction and wear for the samples. Simultaneously, the corrosion tests, according to G5-14 ASTM standard,
performed for a period of 48 h, using electrochemical impedance and potentiodynamic polarization tests displayed the
Nyquist and Tafel plots for analysis. The wear and corrosion rates of samples heat-treated at 500◦ C for 1 h were found to
be 0.066e-6 g s−1 and 2.962e2 g mm−2 s−1 , respectively. While that of samples heat-treated at 500◦ C for 12 h were found
to be 0.366e-6 g s−1 and 4.177e2 g mm−2 s−1 . Both the wear and the corrosion performance investigations were in good
agreement with each other. Thus, the tribo-corrosive deterioration of titanium carbo-nitride coated Al-7075 had escalated
with an increase in durations of the heat treatment.
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1. Introduction
Several machine components and structures are continuously subjected to mechanical and chemical degradations
due to wear and corrosion processes, respectively. Wear and
corrosion properties of a metal/metal alloy are the most
essential characteristics that define the nature of its use in
various components of machines and structures. While wear
is a steady deterioration of metal/metal alloy due to continuous use in running machine components, which are in
constant contact with each other, corrosion is the loss of
metal/metal alloy occurring due to the chemical reactions
upon interactions with the surrounding environment. Both
wear and corrosion together constitutes the weakening of
machine components and structures, which could lead to disastrous consequences. Thus, metals/metal alloys, which have
a higher wear and corrosion resistance remain as imperative
requirement.
The machine components/parts of ships and submarines
are constantly subjected to wear and tear in saline/corrosive
environments. The major interest and challenge for marine
industries are to improve both wear and corrosion resistance
properties of machine components/parts, while maintaining
its bulk properties, so as to ensure higher durability of ships
and submarines. Literatures have shown that both wear and
corrosion resistance can be achieved through coatings and
selective heat treatments. Coatings act as hard barrier resisting wear and preventing corrosion of the substrate. Heat
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treatments are generally performed to improve the bonding
strength between the coating and the substrate materials.
Literature surveys conducted show that coatings contribute
vastly to the improvement of wear and corrosion resistance of
metals/metal alloys. A number of coating materials have been
used and tested for wear resistance. Some of the advanced
coating materials used for wear resistance varies from cobalt
boride, hard diamond-like carbide (DLC) coatings, boron
nitride composites, chromium nitride, aluminium trioxide,
aluminium–chromium nitride, nickel chromium–chromium
trioxide, zirconium dioxide [1–5]. Continuous advances in
research on different coating materials have shown that
these materials provide higher wear resistance to substrate
metals/metal alloys. These coating materials have proven
themselves to be effective hard barriers for resisting wear
of the substrate metal/metal alloys. Tribological studies of
these coatings on wear, wear rate, frictional force, coefficient
of friction and wear resistance have also shown a positive
improvement in the qualities. Papers on coatings for corrosion resistance have shown a number of advances. Diamond
ceramic coatings [6] were studied for wear behaviour in comparison to alumina balls. It showed that the diamond ceramic
coatings had zero wear as compared to severe wear of the
alumina balls. The influence of carbon in the CrAlCN coatings on the tribological wear studies have been conducted [7].
The tribological studies conducted showed that a carbon content of 21.96% showed the best wear resistance. Tribological
properties of DLC coatings produced through plasma-assisted
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chemical vapour deposition and magnetron reactive sputtering was researched [8]. The tribological tests showed that
DLC coatings with silicon and silicon–molybdenum had a
high frictional coefficient and low working performance,
while DLC coatings with chromium had higher wear resistance characteristics.
Coatings are known to act as a barrier inhibiting the oxidation corrosion of the substrate metal/metal alloy. Reviews
of these papers show that vast progress has taken place
in the coating materials to inhibit corrosion. Some of the
advanced coating materials, such as calcium phosphate coatings, epoxy coatings, hybrid coatings of silica–titania in
combination with silica nanoparticles and cerium nitrate,
titanium nitride, nanochromium’s zinc oxide, cerium oxide,
nickel cobalt zirconium carbide, magnesium and zirconium
oxides have been used for corrosion resistance. The corrosion
resistances have been tested using salt spray tests and potentiodynamic tests [9–12]. These coating are shown as effective
corrosion resistors. The corrosion resistances of Ni–Mo–
PTh composite coatings were analysed using electrochemical
corrosion tests [13]. The tests showed that the corrosion
resistances of Ni–Mo–PTh composite coatings were more
effective in an alkaline solution than Ni–Mo coatings. Corrosion resistance of calcium phosphate coatings on 316L SS
was tested [14]. The electrochemical studies showed that
the presence of hydroxyapatite in the coatings had significantly improved the corrosion resistance. Si3 N4 reinforced
with nickel nanocomposite coatings were studied for corrosion resistance [15]. The corrosion tests showed the addition
of Ni reinforcement resulted in the improvement of corrosion
resistance.
Several coating materials used to improve both wear and
corrosion resistance of metal/metal alloys by different techniques and examined in terms of both materials and processes.
Zirconium doped with graphite-like carbon nanostructured
coatings on Ti6 Al4 V has shown to have a low coefficient of
friction, wear resistance and a high resistance to corrosion
[16]. The bi-layer coatings of nickel and titanium carbide with
optimized thickness of the layers, tested for both tribological
and corrosion properties, showed better wear and corrosion
resistance [17]. Some of the other coating materials studied
for both wear and corrosion resistance are niobium carbide,
chromium carbide and niobium chromium carbide. The wear
tests showed niobium chromium carbide to have better wear
resistance, but with poor corrosion resistance [18]. Oxidereinforced Ni-composite coatings were analysed for their
corrosion and wear responses. These coatings show lesser
material loss as compared to other tested composite coatings. However, tests also showed that these coatings cannot
be used above the temperature of 450◦ C [19]. Ni-composite
coatings containing Al2 O3 –TiO2 have also been studied for
both corrosion and wear resistance [20]. The wear and corrosion studies of different compositions have shown that 13%
composition of TiO2 composites have better wear resistance,
but moderate corrosion resistance. An amorphous composition consisting of various elements tested for both wear and
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corrosion properties [21]. The tests showed good corrosion
resisting properties under passive layer formation, but it dominated in oxidation wear. The wear and corrosion of multilayer
Ni–Al2 O3 nanocomposite coatings were researched [22]. The
wear corrosions resistance improved with the increase in the
duty cycle and frequency. The wear and corrosion properties
of Ni–Co–Al2 O3 wear tested post continuous duty cycle of
increasing frequencies [23]. The highest corrosion resistance
was found at lowest frequency of 100 Hz, and wear resistance
had better performance with increasing frequencies.
The literatures thus far have shown that coatings can prove
to be effective in either wear or corrosion resistances. It is seen
that there is limited analysis on wear and corrosion properties
with encouraging outcomes. From the journals, it is noticed
that titanium based coatings provided good wear resistance
due to its high density, and it is also observed that carbides
and nitrides provide a good corrosion resistance due to its
strong bonding abilities.

2. Research objectives
The objective of the research is to understand the bonding
abilities of titanium carbo-nitride (TiCN) coatings with Al7075 aluminium alloys and to characterize the bonding, using
scanning electron microscope (SEM). The primary goal is
to examine the wear resistance properties using pin-on-disc
test, according to G99 ASTM standard, and also to examine the corrosion resistance properties using potentiodynamic
test and electrochemical spectroscopy according to G5-14
ASTM standard. The research is also aimed to numerically
analyse the heat-treatment process of the coated samples and
obtain the relationship between time and temperature. The
major goal of this research is the possibility of a larger use
of Al-7075 aluminium alloy in marine industries, where an
increased wear resistance is required in a corrosive environment.

3. Materials
To increase the efficiency and reduce the power losses, a number of engineering components and parts made by ferrous
alloys are continuously being replaced by aluminium alloys
due to their high strength to density ratio. Aluminium is one
of the most economical and abundantly available metals. It is
a light weight metal and hence, naturally used in the overall
weight reduction. Its alloy is used as a structural component
and it also finds specific applications in gears, worm gears,
shafts, regulating valve parts, keys and other components in
marine, automotive and aerospace industries. However, due
to its soft nature, it is highly prone to wear and deformation in components such as gears, shaft and keys, specifically
when higher power is to be transmitted. The resistance to wear
can be partially improved through case hardening processes
such as carburizing, nitriding, cyaniding, carbo-nitriding,
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flame hardening, induction hardening and coatings. Although
aluminium alloys have better corrosion-resistant properties as
compared to ferrous alloys, the corrosion effects are observed
in aluminium alloys as well. TiCN is a hard ceramic coating
used to improve the wear resistance and hardness of cutting
tool inserts. Several research articles have been published in
this regard. TiCN which has a density of 5.08 g cm−3 , has
excellent wear resisting capabilities, which can improve the
wear resistance of the substrate to a very large extent. It is
also noted from the literatures that the carbides and nitrides
together improved the surface hardness; and this in turn could
also be used as corrosion barrier preventing the oxidation
of engineering components and parts. Thus, the research is
aimed at improving the wear and corrosion resistance of Al7075 aluminium alloy using titanium carbo-nitride coatings.
Physical vapour deposition (PVD) technique was employed
to coat titanium carbo-nitride on the surface of Al-7075 plates
[24–26].

4. Heat treatment analysis
While, the solution temperature of Al-7075 ranges from 466
to 482◦ C, the oxidation temperature of TiCN is initiated from
400◦ C. Temperatures higher than the solution temperature
would instigate the substrate Al-7075 to absorb the coating
material within itself, thereby creating a type of bond between
them. Based on these temperatures, 500◦ C was preferred for
the diffusion heat treatments with varying time durations ranging from 1 to 12 h. Digitally controlled muffle furnace was
used for the diffusion heat treatments of TiCN-coated Al7075 plates. Samples of TiCN-coated Al-7075 without heat
treatment was named as sample A. The heat-treated samples
were named as samples B, C, D and E. Thus, the sample heattreated at 500◦ C for 1 h was named as sample B. Similarly,
samples heat-treated at 500◦ C for 4, 8 and 12 h were named
as samples C, D and E, respectively.
The properties of air at 500◦ C, such as kinematic viscosity,
Prandtl number, thermal conductivity and co-efficient of cubical expansion [27] are as shown in table 1. Grashof’s number
G r was calculated using the formula:
Gr =

gβt L 3
,
ν2

Properties of air at 500◦ C.

ν

Pr

79.38 × 10−6 m2 s−1

0.687

K

β

0.05745 W (mK)−1 1.29×10−3

Upon substituting the Grashof’s number and Prandtl number
in equation (2), Nusselt number was calculated as Nu = 38.1.
The convective heat transfer coefficient h was calculated using
the formula:
Nu =

hl
.
K

(3)

Upon substituting the values of Nu, l and K , the convective heat transfer coefficient was computed as h =
73.07 W (mK)−1 .
The temperature of the sample at any given time was calculated using the lumped system analysis. The equation for
the lumped system analysis is given as:
T − T∞
= e−h At /ρV C p ,
T0 − T∞

(4)

where T is the temperature to be calculated, T∞ the temperature within the chamber, which is at 500◦ C, T0 the temperature
of the samples assumed to be at room temperature 30◦ C, h
the convective heat transfer coefficient, which was calculated
as 73.07 W (mK)−1 , A the total surface area of the sample
and V the total volume of the sample. Thus, the ratio of A/V
was calculated as 3.732 × 10−3 m, t is the time in s, ρ and Cp
are the density and specific heat of the sample, respectively,
which is 2810 kg m−3 and 960 J kg−1 K−1 , respectively. The
temperature of the sample was calculated at equal intervals
of time. It was noticed that the temperature rose drastically
for the first 10 min reaching 493.963◦ C. Temperature calculations showed that with further increase in time, the rise in
temperature was slow, reaching up to 499.999◦ C. The samples
reached the temperature of 500◦ C after 40 min in the closed
chamber. A graph showing the rise in temperature with respect
to time for a period of 1 h (3600 s) within the muffle furnace
is shown in figure 1.

(1)

where g is the acceleration due to gravity taken as 9.81 m s−2 ,
t the rise in temperature taken as 470◦ C and L the ratio of
total volume to total area of the muffle furnace. The heat
treatments were conducted in a muffle furnace chamber having dimension of 0.15 × 0.15 × 0.3 m3 . Thus, L which is the
ratio of total volume to total area was computed as 0.03.
Grashof’s number G r was evaluated as G r = 2.547e4.
Nusselt number was calculated using the formula:
Nu = 0.59(G r Pr )0.25 .

Table 1.

108

(2)

5. SEM images
Specimens A-1–E-1 were prepared from samples A–E. Sectional images of these specimens were captured using SEM
[18,19]. For the preparation of the specimens A-1–E-1, the
samples were cut sectionally, and neatly polished and buffed
using emery papers and velvet clothes to get suitable images
of the coating and the bonding of the coating with the substrate. This bonding is caused due to the absorption of TiCN
into Al-7075 aluminium alloy plates. The sectional image
of the specimen A-1 was captured under a magnification of
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Figure 1. Temperature–time graph.

2000×, has been shown in figure 2a. The image showed a
neat coating of the material on the substrate. It was also noted
from the image that the coating material was uniformly distributed on the surface of the substrate. The coating thickness
was measured to be more or less 4.5 µm according to the sectional SEM images of specimen A-1. Similarly, the sectional
images of the specimens B-1–E-1 shown in figure 2b–e were
captured for the analysis of the bonds created between the
coating and the substrate.

mechanical and chemical properties as that of sample A.
The resemblance in mechanical and chemical properties of
samples A and B has been shown in wear and corrosion
tests discussed in the subsequent chapters. It was observed in
the sectional images of specimens C-1–E-1 that the coating
material TiCN was more strongly absorbed into the aluminium alloy going to the depths of 4 and 11 µm, resulting
in the complete amalgamation of the coating into the substrate.

5.1 SEM image results
5.2 SEM image discussions
The sectional images of the specimens B-1–E-1 were captured
under a magnification of 2000× using SEM. The sectional
images of specimens B-1 and C-1 have also been shown
in figure 2b and c. The images were captured for a width
ranging from 15 to 16 mm. The sectional image of specimen B-1 showed a partial dispersal of the coating material
into the substrate alloy. It is observed that the small dispersion of the coating material had been absorbed up to a
depth of 8–12 µm range. This minor dispersion had helped
in the establishment of a bond between TiCN and Al-7075
aluminium alloy. It was also noted that the bond had not
adversely affected the physical and structural characteristics
of the coating material as it remained similar to appearance
and physical characteristics of the coating seen in specimen A-1. It is inferred from the similarity of the sectional
appearance and physical characteristics of the coatings of
specimens A-1 and B-1 that the coating properties of the
sample B had not been adversely affected due to the heat
treatments at 500◦ C for 1 h and perhaps resembled the

The strong dispersion of TiCN into Al-7075 substrates as
observed in specimens C-1– E-1, shown in figure 2c–e is due
to the heat treatment at 500◦ C at increasing time durations.
The longer durations of heat treatment provide ample opportunity for the aluminium present in the substrate to absorb the
coating material within itself. As seen in specimen C-1, strong
dispersion of the coating material is detected. In specimens
D-1 and E-1, the intensity and concentration of TiCN dispersion is increased in specimen D-1 and maximum for specimen
E-1. The aluminium in sample E had the longest opportunity
to absorb TiCN up to depths of 11 µm with maximum intensity and concentration. A better understanding of the bonding
process has been shown in the schematic representation in
figure 3. Longer duration of heat treatment caused the coatings to crack in several places, exposing the substrates [25].
Thus, it is concluded that the effects of heat treatments among
samples C, D and E were practically the same. Therefore, it
can be declared that the time durations of heat treatments
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Figure 2. Sectional images of specimens (a) A-1, (b) B-1, (c) C-1,
(d) D-1 and (e) E-1.
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Figure 3. Schematic representation on the effects of heat treatments.

have a direct effect on the absorption rate of TiCN coatings
on Al-7075 aluminium alloys [28,29].

6. Pin-on-disc test
The wear test was performed using G99 ASTM standard. The
computerized pin-on-disc test setup was used to understand
the wear rate and resistance capabilities of the samples A–E
[24,30]. The wear disc is made of tool steel grade EN 31 with a
diameter of 125 mm and thickness of 8 mm. The specimens A2–E-2 for the wear test were prepared by turning the existing
samples A–E into the specimens of diameters of 8–10 mm and
30 mm long, thereby fabricating pins for the tests. These specimens were tested for the properties of wear, frictional force,
coefficient of friction and wear rate using this test. An axial
load of 10 N was maintained on the specimens with the speed
of the disc being maintained at 200 rpm. The test was conducted for 60 s. The data measured on wear, frictional force
and coefficient of friction measured are tabulated in table 2.
6.1 Wear test results
An example graph plotted for coefficient of friction, frictional
force and wear, plotted against time for specimen B-2 is shown
in figure 4. The mean values of the coefficient of friction, the
frictional force and wear for the specimens A-2–E-2 are tabulated in table 2. The coefficient of friction and the frictional
force of the tested specimen A-2 were found to be as low
as 0.091 and 0.91 N, respectively. Amongst the heat-treated
samples, it was observed that the specimen B-2 has the lowest
coefficient of friction of 0.1 with a frictional force of 1 N. It
was seen that both the specimens A-2 and B-2 had a very small
difference in the coefficient of friction and frictional force. On
physical examination of the tested A-2 and B-2 specimens,
they showed aberrations on the surface of the coatings. The
wear, coefficient of friction and frictional force increased from

specimens C-2–E-2. In specimens C-2–E-2, after the wear
test, coatings were completely eroded, exposing the substrate
Al-7075. The wear rate was measured in terms of weight loss.
The mass of the specimens was measured before and after the
test. The wear rate was calculated using the formula:
WR =

IW − FW
,
t

(5)

where WR is the wear rate, IW the initial weight, FW the final
weight and t the time. The axial load, sliding speed, distance
and coating material had a direct effect on the wear [19,20].
Corresponding to the results on increased wear, coefficient of
friction and frictional force, specimen E-2 is found to have
the highest wear rate.
6.2 Wear test discussions
The results show that specimens A-2 and B-2 have similar
wear resistance properties. This similarity is due to the fact
that the heat treatment has not changed the physical characteristics of the coating material. The small aberrations on the
surface of specimens A-2 and B-2 indicate that the heat treatment for 1 h has little or no effect on the TiCN bonds, while it
also continues to have a good bond with the substrate. In specimens C-2–E-2, the complete elimination of the coatings prove
that the TiCN molecular bonds have been weakened to a great
extent and the coatings had very low bonding strength with the
substrate, in spite of the heavy intensity and concentrations
of the coating material being absorbed. The stripping off of
the coating material is also attributed to the weakening of the
TiCN bonds due to the longer durations of heat treatments.
It is construed that these mentioned factors contribute to the
increase in wear, coefficient of friction and frictional force.
Thus, when TiCN coated Al-7075 alloy plates are treated
at 500◦ C for 1 h, the TiCN coating material creates a bond
with the substrate Al-7075 without changing the mechanical
wear properties of the coatings. However, the increasing time
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Wear test results.

Specimen

Normal force
applied (N)

Wear
(microns)

Frictional
force (N)

Coefficient
of friction

Weight
loss (g)

Wear
rate (g s−1 )

10
10
10
10
10

2
4
11
25
35

0.91
1.00
1.07
1.23
1.31

0.091
0.100
0.107
0.123
0.131

1 × 10−6
4 × 10−6
9 × 10−6
11 × 10−6
22 × 10−6

0.016 × 10−6
0.066 × 10−6
0.15 × 10−6
0.183 × 10−6
0.366 × 10−6

A-2
B-2
C-2
D-2
E-2

Figure 4. Coefficient of friction, frictional force and wear against time graph for specimen B-2.

duration of the heat treatment has decreased the strength of
the bond, there by weakening the coatings, which lead to the
quick wear deterioration. As seen from table 2, amongst the
heat-treated samples, the wear rate is the lowest for specimen B-2 and the highest for specimen E-2. This proves that
the wear rate is directly proportional to the duration of heat
treatment.

7. Corrosion test
The corrosion tests were conducted according to ASTM G514 standard. It was used to understand the corrosion properties
of samples A–E [25,31]. The specimens A-3–E-3 for the corrosion test were prepared by cutting the samples A–E into the
sizes of 10×10×10 mm3 . The coated surface was exposed for
the corrosion studies and the remaining surfaces were masked

using commercially available resin tapes. The corrosion tests
were conducted using 100 ml aerated 1 N HCl solution.
The electrochemical studies were completed using three electrode cell assemblies, and tested at room temperature. The
three electrodes used were platinum counter electrode, saturated calomel electrode and the working electrode being the
specimens prepared. The specimens were cleaned, washed
with water, degreased with acetone and dried. A stabilization
period of 30 min was allowed so as to attain a stable value of
open circuit potential.
7.1 Corrosion test results
The potentiodynamic polarization test for the specimens A-3–
E-3 provided the Tafel plots used for the corrosion studies. The
Nyquist plots obtained from the electrochemical impedance
spectroscopy tests, for an exposure time of 48 h in 1 N HCl
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Figure 5. Nyquist plots for specimens A-3–E-3.

solution are shown in figure 5 for the specimens A-3–E-3.
Figure 6 shows the results, i.e. Tafel plots, for the potentiodynamic tests that were performed on the specimens A-3–E-3
and table 3 shows the summary of the values obtained. The
Nyquist plots are predominantly a single capacity semicircle
with transformations in the loops between them. However, it is
noticed that large transformations were present in the Nyquist
plots of specimens D-3 and E-3. The specimens were weighed
before and after the tests. The weight losses for each of the
specimens were measured for a period of 48 h. The corrosion
rate was calculated using the formula:

CR =

IW − FW
,
At

(6)

where CR is the corrosion rate, IW the initial weight, FW the
final weight, A the surface area exposed and t the time. The
corrosion rates calculated for each specimen are tabulated in
table 3. It was observed that the corrosion rate had increased
from specimens B-3–E-3 [21,24].

7.2 Corrosion test discussions
From the results, it is concluded that amongst the heat-treated
samples, sample B exhibited greater corrosion resistance than
the samples C, D and E, which were heat-treated for longer
durations. This is based on the lower corrosion density (I )
and corrosion potential (V ), observed for sample B. This
behaviour can be explained by the presence of TiCN coating without any cracks, which plays a key role in protecting
Al-7075. The coating encompasses the substrate completely
and the absence of cracks in the coating prevents the exposure
of aluminium in the substrate, thereby preventing the oxidation and eventual corrosion of Al-7075 substrate. It is noticed
from the Tafel plots of specimens A-3, the anodic and cathodic
polarizations are same and hence, the potential remains constant. This shows that the corrosion rate although small,
remains constant. This is due to the smooth surface of specimen A-3. Amongst the heat-treated samples, specimen B-3
had the lowest corrosion rate. Under physical examination,
it is observed that the surface roughness remains undisturbed
during the heat treatment at 500◦ C for 1 h. The low corrosion
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Figure 6. Tafel plots of specimens A-3–E-3.
Table 3.

Potentiodynamic test results in 1 N HCl.

Sample

Corrosion rate (g mm−2 s−1 )

Corrosion potential (V)

Corrosion current (I)

Anodic slope

Cathodic slope

1.412 × 102
2.962 × 102
3.112 × 102
3.612 × 102
4.177 × 102

−0.162
−0.0512
−0.0612
−0.0711
−0.0827

3.166 × 10−3
1.262 × 10−3
1.766 × 10−3
2.617 × 10−3
3.166 × 10−3

2.672
3.112
2.962
2.162
1.917

6.132
4.626
4.116
3.962
3.132

A-3
B-3
C-3
D-3
E-3

rate is due to the formation of passive Al2 O3 layer on the
surface of specimen B-3. The passive layer of Al2 O3 provides
insulation or acts as a barrier to the surface of the specimens.
This barrier inhibits the corrosion process. With the increase
in the durations of heat treatments for the specimens C-3–E-3,
dissolution of the coating material takes place along with the
development of cracks on the surface of the specimens. It is

also seen that the surface of specimens C-3–E-3 are rough and
uneven. This is in contrast to the smooth surface of specimen
B-3. In the Tafel plots for specimens C-3–E-3, the anodic and
cathodic polarization curves are dissimilar. During the potentiodynamic polarization test, hydrogen evolution takes place
at a faster rate in the HCl acid media. This is due to the increase
in the current density. Hence, at cathode, the hydrogen
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evolution rate increases, causing the aluminium metal at the
anode to dissolve at a faster rate causing holes. The dissolution
of aluminium takes place according to the equation
Al → Al3+ + 3e− .

(7)

Thus, the rate of formation of Al3+ ions increases. This
leads to the overall increase in the corrosion rates of specimens C-3–E-3. The potentiodynamic studies show the anodic
and cathodic current densities obtained for the specimens A3–E-3. The anodic (βa ) and cathodic (βc ) slopes shown in
table 3, were obtained from the anodic and cathodic regions
of the Tafel plots. The parallel cathodic Tafel lines suggest
that the heat treatments did not modify the hydrogen evolution
mechanism, and the change in the values of βc indicates the
effects of heat treatments on the kinetics of hydrogen evolution. The shift in the anodic Tafel slope is due to the moderate
oxidation of the coating that occurs during the normalizing
period after heat treatments. The Nyquist plots provide a
similar understanding of the corrosion process. The mechanism of corrosion is more or less the same for all the
specimens. A large transformation is seen in the Nyquist
plots of specimens D-3 and E-3. The change in the corrosion mechanism and corrosion rate has a direct effect on
the Nyquist plots, thus, prompting them to be highly erratic
with large transformations. The Nyquist plot of the specimen E-3 was observed to be most erratically transformed
proving the corrosion rate to be non-uniform. When the heat
treatment is performed for longer durations, the bond structure of titanium carbo-nitride is weakened or broken. The
formation of cracks on the surface with the development
of tiny globules were examined [24]. The cracks developed
have a major role in the corrosion mechanism. Through the
development of cracks on the surface of the coatings, the
aluminium present in the substrate is easily exposed to the
corrosion process. Thus, the erratic transformations in the
Nyquist plots are caused due to the improper processing
of the corrosion mechanism. The improper processing of
the corrosion mechanism is instigated by the irregular surface topography and the exposed aluminium. Therefore, the
corrosion rate is drastically increased from specimens B3–E-3. The weight loss tests evaluated the corrosion rate
for each of the specimens and it proves that the specimen corrosion rate is directly affected by the duration of
heat treatments. Hence, it could be surmised that the corrosive degradation of Al-7075 is reduced to a great extent
through the coatings of TiCN, which acted as a protective
barrier.

8. Conclusion
This paper examines the effects of heat treatment on the
bonding abilities between the coating material TiCN and
the substrate Al-7075. It also analysed the heat treatment
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effects on the wear and corrosion properties. The numerical
analysis of heat treatment process provides an understanding of the temperature and time relationship. It is observed
that the heat treatment has a profound effect on the bonding abilities between TiCN coating and Al-7075 substrate.
The diffusion effects of TiCN-coated Al-7075 which is heattreated at 500◦ C for 1 h shows a simple locking mechanism
between coating and substrate as observed in the SEM images.
At this temperature, Al-7075 absorbs TiCN to a certain extent
aiding in the grasping effect to be instigated on each other.
The SEM images show the heat treatments had a trivial effect
on the physical appearance of the TiCN coating iterating that
there is no extensive change to the physical characteristics.
The SEM images of samples treated for longer durations
show a greater absorption of the coating material and it is
also observed that the coatings have extensive modifications
on the physical appearance. This shows that the coatings of
these samples have weakened to a great extent.
The wear and corrosion resistance studies emphasized in
this paper shows that the samples heat-treated at 500◦ C for 1 h
exhibited lowest deterioration due to wear and corrosion. The
wear properties tested for specimen prepared from sample
B had the least wear rate of 0.066 × 10−6 g s−1 , amongst
the heat-treated samples. Similarly, the corrosion properties
tested for the specimens prepared from sample B had the least
corrosion rate of 2.962×102 g mm−2 s−1 . The samples treated
for longer durations have poor qualities of both wear and
corrosion resistance. The poor wear and corrosion resistance
of the samples heat-treated for longer durations is attributed
to the fact that the bond between TiCN and Al-7075 has been
weakened and the TiCN coating material has been rendered
ineffective. Thus, the wear and corrosion rates increased with
the increase in the durations of heat treatment.
Therefore, from the studies conducted, it was concluded
that the TiCN-coated Al-7075 heat treated at 500◦ C for 1 h
produced good results with respect to wear and corrosion
resistance. The investigation also showed that the heat treatments at 500◦ C for 1 h produces a neat diffusion bond between
TiCN coating and Al-7075 substrate without the weakening
or deterioration of the coating material. This process when
employed could find major applications in marine and naval
industries in the use of gears, shafts, regulating valve parts and
other machine components transmitting higher power, which
are required to resist wear in a corrosive environment.
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