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Abstract Surface modification of high-strength aluminium
alloy 7075-T6 by plasma electrolytic oxidation (PEO) and
type II hard anodization (HA) is presented in the current
work. PEO-based ceramic oxide coatings were fabricated
by employing an alternating current (AC) power source
with a current density of 300 mA/cm?®. The concentration
effect of electrolytes on the alumina coatings was investi-
gated and optimized comprehensively. Three separate
aqueous electrolytes with 1:3, 1:1 and 3:1 proportions of
sodium silicate (Na,Si03) and potassium hydroxide (KOH)
were utilized to evaluate optimum electrolyte concentration
for obtaining desired AC-PEO coatings. X-ray diffraction
(XRD) was utilized to investigate the phase composition of
the coatings. Field emission scanning electron microscopy
(FESEM) was employed to investigate the surface and
cross-sectional characteristics of oxide coatings. Scratch
testing was used to assess the oxide coatings’ adhesion
ability, and potentiodynamic polarization (PDP) was uti-
lized to assess the coatings’ corrosion behaviour in a
3.5 wt% aqueous NaCl solution. Among the AC-PEO and
HA coatings, the AC-PEO specimen fabricated with equal
ratios of sodium silicate and KOH concentration (Na,_
Si05:KOH 1:1) showed excellent adhesion strength (criti-
cal load, L. = 41.5 N) along with the remarkable corrosion
resistance (corrosion current density, i, = 5.63 X 10°°
mA/cmz).
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1 Introduction

Aluminium and its alloys have an extensive scope of utility
in the aerospace industry, automotive, commercial and
military fighter aircraft manufacturing due to its magnifi-
cent features such as maximum strength-to-weight ratio,
formability and lightweight [1-4]. The defence combat
aircrafts are served in coastal zones and they are exposed to
the C1™ ions existing in the atmosphere, which can destroy
the native oxide film on AA7075. The formation of Mg
(Zn, Cu, Al), precipitates anodic to the aluminium matrix
results in the higher corrosive behaviour of aluminium
alloy [5]. Thus, suitable surface alteration technique is
required to get the desired protection against corrosion.
Nowadays, various surface modification techniques such as
anodizing [6-8], CVD [9], sol-gel [10], PVD [11], cold
spraying [12], plasma spraying [13], laser deposition [14],
electrodeposition and electrophoretic deposition (EPD)
[15-17] are used. Most of these conventional processes
involve peak temperatures, which further needs great
control and care over the process [18]. Hard anodizing
(HA) is a good surface treatment process for high-strength
aluminium alloys to improve tribological properties.
Among the different variants of aluminium anodizing,
sulphuric acid-based anodizing shows improved corrosion
and wear properties and is commonly used in marine and
aerospace applications [19]. Hard anodizing provides a
wide range of industrial applications with characteristics
that make aluminium alloys more competitive than steel.

@ Springer
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The wear characteristics of hard anodized aluminium
alloys may be greater than and equal to the hardened steel
case, providing aluminium alloy parts for use in applica-
tions where only hardened steel was formerly used [20].
Plasma electrolytic oxidation (PEO) is a burgeoning novel
surface conversion technique used to develop thicker and
adherent ceramic oxide coatings with the help of elec-
trolytic plasma discharges mainly on valve metals, i.e.
zirconium, aluminium, magnesium, titanium, niobium, and
their alloys [20-29]. Out of the various surface conversion
processes, the PEO is the electrolytic process and has
benefits of being economical and simple. At the same time,
it is so efficient due to the generation of a denser oxide
coating with better adhesion, wear resistance and corrosion
resistance. In conventional hard anodizing (HA), the oxide
film is established due to ionic diffusion through the oxide
coating without considerable effect on the substrate [30]
and the process is executed in the range of 10-80 V.
However, in PEO process, voltages reach beyond the
breakdown potential of the oxide coatings, normally
200-800 V. At these peak voltages, a spark is produced
due to local dielectric breakdown of oxide coating and
rapidly gets discharged in electrolyte within no time [31].
PEO coating properties mainly depend on the process
variables, namely electrolyte composition, electrical pro-
cess variables (current density, breakdown voltage, fre-
quency, and duty cycle) and oxidation time [32-34]. PEO
coating developed in DC mode provides minimal oxide
growth rate, high porosity, and limited control on plasma
discharges than AC mode. AC mode of PEO coatings has
attracted the researcher’s attention due to improved coating
properties compared to DC mode [35]. DC PEO has pub-
lished a substantial amount of research on the production of
oxide coatings on Al alloys, but only a meagre amount of
work is proclaimed on alternative current (AC) mode PEO
coatings and its comparison with the hard anodized (HA)
coatings.

Arunnellaiappan et al. fabricated ceramic coatings on
AA7075 by PEO route with varying frequency and duty
cycle using a DC power source. They observed that the
duty cycle and frequency have a significant effect on the
surface features, coating formation, coating thickness,
scratch resistance and corrosion behaviour of the DC PEO
coatings [5]. Yerokhin et al. developed ceramic coatings on
Al alloys by PEO. They observed the effect of pulse current
on the kinetics of coating build-up and energy efficiency of
the process [36]. Ghafaripoor et al. produced composite
coatings on AA 7075 in sodium metasilicate (Na,SiO3)-
based electrolyte containing 200 nm diameter o-alumina
particles. They observed that the variation in the concen-
tration of o-Al,O3 nanoparticles showed a detrimental
effect on the coating’s tribo-corrosion characteristics [37].
Kwolek et al. fabricated oxide coatings on 6061-T6

@ Springer

aluminium alloy by hard anodizing and noticed that the
abrasion and scratch resistance of the oxide layers
enhanced with increased thickness [38]. Ramakrishna et al.
correlated the tribological behaviour of hard anodizing
films with the micro-arc oxidation (MAQO) coatings
developed on AA6061-T6. The MAO coatings and hard
anodized coatings displayed superior tribological beha-
viour compared to AA6061. They recognized that HA
coatings exhibited poor wear resistance with a 6—15 times
higher wear rate compared to MAO coatings. Under ero-
sion conditions, HA coatings exhibited tenfold higher
erosion rate than MAO coatings [39]. Becerik et al. anal-
ysed the effect of sodium metasilicate concentration (7.5 g/
1 Na,SiO3 and 15 g/l Na,SiO3) on several surface features
and corrosion behaviour of 6060 Al alloy, and they pro-
claimed that the coating prevailed in an electrolyte com-
prising of 15 g/l Na,SiO; exhibiting low surface
roughness, enhanced hardness and corrosion resistance
[40]. Fattah-Alhosseini et al. analysed the effect of various
concentrations of Na;SiO3 and KOH on surface morphol-
ogy, chemical composition, and electrochemical behaviour
of PEO oxide coatings on the AA6061. They concluded
that the higher concentrations of sodium metasilicate (4 g/
1) resulted in the surge of Si embodiment in the coating,
thereby resulting in an increase in coating thickness and
corrosion resistance [41]. Sharma et al. studied the effect of
KOH:Na,SiO5 ratio (5:5, 5:10, 10:5, 10:10, 15:5, and
15:10) on hardness and microstructure of PEO oxide
coatings on AA6061. They reported that the coating
exhibited peak hardness and favourable microstructural
features at KOH:Na,SiO; ratio of 15:10 followed by 10:10
[18]. To the best of the authors’ awareness, no work is
found on optimizing the electrolyte concentration to
enhance the surface morphology, indentation scratch
resistance and corrosion resistance of the AC-PEO coatings
on the high-strength aluminium alloys in contrast to the
hard anodized coatings. The present study aspires to
explain the effect of electrolyte concentration on the
coatings’ surface morphology, thickness, corrosion resis-
tance, and the scratch resistance of the AC-PEO-treated
7075-T6 Al alloy compared to type II hard anodized
coatings. The phases present in the oxide coatings were
examined by the XRD. The elemental composition of
coatings, cross section and surface morphological features
were analysed by the FESEM equipped with an energy-
dispersive spectroscopy (EDS). The coating thickness,
surface features, corrosion, and scratch resistance of the
AC-PEO coatings were correlated with type II hard ano-
dized coatings and aluminium substrate.
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2 Materials and Analysing Methods
2.1 Preparation of Samples

In this study, aluminium alloy 7075 -T6 in heat-treated
condition with a nominal composition of 6.11% Zn, 2.53%
Mg, 1.42% Cu, 0.28% Cr, 0.49% Fe, 0.17% Ti, 0.38% Si,
0.24% Mn and surplus aluminium was used as substrate.
Rectangular coupons with 20 mm x 18 mm x 3 mm
dimensions were adopted as substrate materials, and those
were polished mechanically with various grades of silicon
carbide emery paper (400, 800, 1000 and 1200 grit). The
polished specimens were cleaned with acetone for 15 s,
ultrasonically cleaned in deionized water for 5 min, hot air-
dried and stored in an airtight desiccator. Around 50 cou-
pons were kept ready for subsequent coatings preparation
and its characterization.

2.2 Fabrication of PEO Coatings

An alternating current (AC) power source with a 1000 V
maximum potential and a 20 A maximum current was
adopted for the development of coatings. Prior to the PEO
coating process, to remove contamination on a sample
surface, the specimens were immersed in an acid pickling
bath containing aqueous nitric acid (300 g/I) for 3 min
followed by the alkaline degreasing with commercial
cleaner (5 wt% Turco 4215 NC-LT in deionized water) to
remove acidic remnants and rinsed with distilled water.
PEO coatings were fabricated by measuring a current
density of 300 mA/cm? throughout the process duration of
30 min. Three different compositions of electrolytes con-
taining different amounts of potassium hydroxide (KOH)
and sodium silicate (Na,SiO3) were used for fabricating the
PEO coatings and are presented in Table 1. The electrolyte
bath comprising of different proportions of Na,SiO; and
KOH was kept at a steady temperature of 20 °C throughout
the PEO process with the help of chiller to overcome the
thermal effects on the growth of the AC-PEO coatings. At
the coating fabrication time, the electrolyte solution is
continuously agitated by an external magnetic stirrer to
maintain the compositional homogeneity throughout the
process. The identification names of samples AC-PEO
processed with different electrolyte compositions, i.e. KOH

Table 1 The sample codes used for AC-PEO coatings with their
corresponding electrolyte composition, and electrical conductivity

PEO sample Electrolyte composition Conductivity
code (g/L) (mS/cm)

A 2.5 Na,SiO; + 7.5 KOH  28.3

C 7.5 Na,SiO; + 2.5 KOH 153

Table 2 Experimental conditions for developing PEO and HA
coatings

Parameters Plasma electrolytic oxidation = Hard anodizing

Electrolyte bath Na,SiO3 and KOH H,S04 2 M)
(2.5-7.5 g/L)

Power source AC DC

Bath temperature 20 °C 5°C

Current density 0.3 0.03

(A/cm?)

rich (1:3 ratio of Na,SiO; and KOH), equal-proportioned
(1:1 ratio of Na,SiO3 and KOH) and sodium metasilicate
rich (3:1 ratio of Na,SiO3 and KOH) are listed in Table 1.
Hereafter, uncoated substrate and AC-PEO fabricated
samples will be referred with identification codes as S, A,
B and C, respectively, in the manuscript.

2.3 Fabrication of Hard Anodized (HA) Coatings

Type II hard anodized (HA) coatings were fabricated on
aluminium alloy 7075-T6 samples. Foregoing to the HA
coating process, to remove contamination on a sample
surface, the specimens were cleaned following the same
procedure adopted before the PEO coatings, as described in
Sect. 2.2. After cleaning process, the samples were loaded
in the H,SO, electrolyte bath to produce hard anodized
coatings. The process parameters utilized for HA coatings
along with PEO coatings are recorded in Table 2.

2.4 Characterization of PEO and HA Coatings

The phase identification of the oxide-coated specimens was
performed through the X-ray diffractometer (Rigaku
Ultima 1V, Japan), equipped with an energy source oper-
ated at 30 mA and 40 kV, using a copper target emitting
K, radiation (4 = 1.5406 A) operating over a selected
scanning span of 20°-90° at a speed of 0.016°/s with an
interval of 0.05°. Phases of the coatings were identified by
using the standard JCPDS data cards. The morphological
features along with the elemental analysis over the surface
of the coatings were assessed by a FESEM (field emission
scanning electron microscope, GEMINI-300, Carl Zeiss,
Germany) attached with the energy-dispersive X-ray
spectrometer (EDS). The voltages 4 kV and 20 kV were
used for FESEM imaging and EDS elemental composition
analysis of the coated samples. The HA and PEO coated
sample’s average thickness was assessed from the cross-
sectional FESEM micrographs taken over eight distinct
locations for every individual sample. The coating

@ Springer
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thickness was also evaluated using eddy current-based
digital thickness apparatus (Qnix premium-8500, Ger-
many) with a precision of + 0.05 um. Surface three-di-
mensional (3D) morphology and depth profiles of the
fabricated oxide coatings were evaluated with lateral and
vertical resolutions in the order of 0.3 um and 0.1 nm,
using white light interferometer (Taylor Hobson Talysurf
CCI). Surface roughness values were calculated by per-
forming line scans over a length of 0.8 mm at ten different
locations on two replicates for each sample, and the aver-
age values are reported. Surface roughness measurements
were evaluated at a magnification of 200x using the
objective lens of 20x. The bonding strength between oxide
coating and substrate was investigated as per ASTM
standard C1624-05 with the aid of an automatic indentation
scratch testing unit (CSM Revetest, Switzerland) rigged
with a spheroidal diamond probe with a 200 pm tip radius.
Scratch test was carried out under progressive loading
conditions ranging from 1 to 50 N (24.5 N/min) with an
indenter advancing rate of 2.5 mm/min over a track length
of 5 mm.

Corrosion properties of bare and PEO-coated AA7075-
T6 specimens were estimated by potentiodynamic polar-
ization test (PDP), adopting a computerized potentiostat
(Gill AC, ACM instruments, Cumbria, UK). PDP test was
carried out on the samples (working electrode) by covering
an area of 0.5 cm? to a 3.5 wt% NaCl corrosive medium by
polarizing the samples over a potential range of — 500 to
3000 mV around the open circuit potential (OCP) at a rate
of 0.166 mV/s (ASTM G 59-97) against a platinum foil
(auxiliary electrode). The PDP measurements were vali-
dated at least three times to ensure reproducibility. The
potential values were determined by using a reference
electrode, saturated calomel electrode (SCE). The corro-
sion voltage and current of the samples were assessed by
employing the Tafel extrapolation method over the linear
portion of the cathodic and anodic curves (4 250 mV)
around open circuit potential (OCP).

3 Results and Discussion

3.1 Voltage-Time (V-t) Characteristics of AC-PEO
Coatings

In the course of AC-PEO process, the variation of voltage
with process time was captured, and voltage—time (V—
1) response of AA7075-T6 over a processing duration of
30 min is represented in Fig. 1. Hereafter, voltages were
referred to the root-mean-square (rms) voltages in the
manuscript. The coating growth mechanism of the PEO
process can be elaborated by V- curves, and it is mainly
categorized into three states such as anodization,

@ Springer

unstable PEO and stable PEO regions [18]. In the begin-
ning, voltage increases linearly with processing time. It is
mainly because of developing a nonconducting oxide film
at the juncture of the substrate and electrolyte via tradi-
tional anodizing. Further, the voltage reaches the break-
down voltage (V,,), and several microsparks are sighted on
sample surface illustrating the initiation of PEO process,
during which a relatively sluggish escalation in the voltage
is observed compared to the anodization attributing to the
small and dense microsparks affiliated with electronic
current. In the final state, a considerable increase in voltage
can be observed with time. The breakdown and final
voltages of AC-PEO coatings are presented in Table 3.

The breakdown voltage (V},) is related to the conduc-
tivity of electrolyte conferring to the following relation
Vo =ag + b (k_l) [42, 43], where ag and by are con-
stants related to substrate and electrolyte having a con-
ductivity k. The breakdown voltages for specimens A, B
and C are 162, 201 and 184 V, respectively. The observed
breakdown voltages (V},) in this study are lower than those
observed in the typical PEO coatings developed using a DC
source [44]. Specimen B exhibits the highest breakdown
voltage due to low electrolyte conductivity, and specimen
A displays the lowest breakdown voltage, due to high
conductivity and higher KOH concentration of electrolyte.
The higher concentration of KOH in the electrolyte may
dissolve the formed oxide films during anodization stage
[45].

3.2 Phase Identification of the Coatings

X-ray diffraction patterns of the uncoated substrate (S),
AC-PEO-treated samples A, B, C and HA sample are
presented in Fig. 2. The XRD pattern of the bare substrate

250

200 —

150

Voltage (V<)
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Fig. 1 Voltage—time characteristics of the PEO-treated samples A, B,
C
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Table 3 Electrolyte conductivity and breakdown voltages of AC-
PEO coatings

PEO sample Conductivity (mS/ Breakdown voltage, Vs
code cm) (£2V)
A 28.3 162
B 13.2 201
C 15.3 184
$ ¥ -y ALyo,; #-ALSIO; §-Al
$ $
HA 1 A s 5
# #* *
- N x # "
=
s
2 |B
‘D ~ a N A
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Fig. 2 XRD patterns of the substrate (S), PEO-treated samples A, B,

C and HA sample

reveals Al peaks (JCPDS No. 894037) alone. PEO-coated
samples display the peaks of y-Al,O3; (JCPDS No. 100425)
which implies that the coatings are chiefly consisting of y-
Al,O3 phase along with the substrate Al peaks. Similar
diffraction patterns are noticed in all PEO samples, namely
A, B and C, which mainly contain y-Al,O5; along with
AlLSiO5 (JCPDS No. 83-1567) peaks. Al,SiOs phase is
formed mainly due to the reaction of SiO5*~ ions from the
sodium metasilicate electrolyte and AI’" ions from the
aluminium substrate. On the other side, only substrate Al
peaks are shown in the HA sample, which might be due to
the amorphous oxide layer developed during the process.

3.3 Surface Morphology and EDS Spectra
of the Oxide Coatings

The FESEM surface morphology of the AC-PEO coatings
A, B, C, and hard anodized sample HA is presented in
Fig. 3. Different electrolyte compositions adopted in the
PEO treatment firmly affects the discharge characteristics
of the oxide coatings, thereby resulting in different surface
morphologies observed in PEO samples A, B and C. PEO-
treated samples show pores, because of gas evolution and
metal-oxide ejection through the microdischarge channels

developed in the interim of PEO process. Microcracks on
PEO-coated surfaces are due to thermal shocks associated
with the fused metal oxide’s sudden cooling. Samples B
and C evince pancake structures, due to the cool-down of
the ejected molten oxide through microdischarge channels
during oxide film formation. Due to the initial delay in the
PEO phase, specimen A does not show a similar structure,
which is mainly because of the disintegration of coatings
during the initial stage, and this is attributed to the maxi-
mum concentration of KOH. The average surface porosity
and the average pore size of the coatings were measured by
the Image] software. The average surface porosity is cal-
culated by the relative area of the surface covered by the
pores. The percentage surface porosity values of the sam-
ples A, B, C and HA are around 2.54, 1.42, 2.27 and 1.03,
respectively. The average pore size values of the samples
A, B, C and HA are 0.6 &= 0.1 pum, 1.7 = 0.2 pm,
0.8 £ 0.2 pm and 1.5 £ 0.1 pm, respectively. Sample A
shows a large number of surface pores in contrast to
samples B and C; the pore size is noted to be tiny. The
variation in the concentration of KOH and silicate has a
significant effect on the coatings’ surface morphology. On
the other hand, the HA sample shows few microcracks
throughout the entire coating, for the weaker junctions
along the oxide cell’s boundaries. In the case of PEO
samples, due to the aggressive coating formation around
the discharge channels, the coatings’ surface is uneven, but
the coatings show high bonding strength between the
substrate and form oxide film. While the HA coating is
even and have smooth surface features. The surface EDS
spectra outcomes of the AC-PEO-treated and HA coatings
are presented in Fig. 4. These findings imply that the oxide
coatings display the characteristic peaks related to Al, O,
Mg and Zn. In supplement to that, PEO samples show Si
(silicon) and K (potassium) elements and HA sample
shows sulphur (S) element. The maximum intensity peaks
related to the aluminium (Al) and oxygen (O) show that the
alumina (Al,O3) is the predominant phase in the coatings,
which is endorsed by the higher Al and O content, as
shown in Table 4. It is mainly due to low silicate content
and onset delay during the AC-PEO process. But the HA
sample shows sulphur (S) element due to H,SO, solution
used for treatment.

3.4 Profilometric Studies of the Coatings

The average surface roughness (R,) values of the oxide
coatings are presented in Table 5. The roughness values of
the coatings A, B, C and HA are 3.2 £ 0.2 um,
41 £ 03 um, 49 £ 0.3 um, and 1.4 + 0.1 pm, respec-
tively. Among the three AC-PEO coatings, sample A
exhibits fewer hills and valleys than sample B and C,
which can be ascribed to the hamper in the inception of the
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Fig. 3 FESEM surface morphology of the PEO-treated samples A, B, C and HA sample

coating during the PEO coating process. The surface
roughness relies on the differences in pore morphology,
structure of oxide coatings and microcracks. Figure 5
presents the 3D surface profile and depth profile of the
formulated coatings. The three-dimensional optical profiles
of the PEO coating surfaces disclose more significant
number of valleys and hills. In contrast to PEO treated
samples, the HA sample exhibits a much smaller number of
valleys and hills. The depth profiles also corroborate that
the HA sample shows shallow valleys contrast to AC-PEO
coatings (A, B and C), as endorsed by the FESEM surface
micrographs portrayed in Fig. 3.

3.5 Thickness of the Oxide Coatings

The cross-sectional morphologies of the oxide coatings are
presented in Fig. 6. The thickness of the coatings evaluated
by the eddy current thickness gauge agrees with the
thickness evident from the FESEM cross-sectional micro-
graphs shown in Fig. 6. PEO coatings contain two layers,
i.e. outer porous and inner barrier layers, as indicated by
the green and red line boundaries, respectively, whereas
HA coatings exhibit single-layered structure as shown in

@ Springer

Fig. 6. The average thickness values of the coated speci-
mens are found to be 40 £ 1 pum, 43 £ 1.3 pm,
46 £+ 0.5 pm and 44 + 1.2 pm for A, B, C and HA sam-
ples, respectively. Sample A shows the least thickness due
to the delay in the onset of the microdischarges. This is
because of the dissolution action of the developed oxide
coating by higher KOH concentration in the electrolyte
[46]. The growth rate for the oxide coating is known to be
nearly in proportion to liberated microdischarges, by means
of which fused metal oxide is expelled and forms a surface
coating. In general, there are two apparent layers in the
PEO coatings, a dense inner layer and a loose porous outer
layer as depicted in Fig. 6.

3.6 Adhesion Strength of the Coatings

The adhesion strength of the developed oxide coatings was
examined by using a single-point scratch testing equip-
ment. Figure 7 shows the applied load versus friction force
curves along with the optical microscopic scratch track
images of the HA sample and PEO coatings A, B and C.
Figure 8 also shows the corresponding FESEM images of
the scratch tracks. During the scratch indentation test, the
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Fig. 4 EDS spectra of the PEO-treated samples A, B, C and HA sample

Table 4 Elemental composition of the PEO treated samples (A, B
and C) and hard anodizing (HA) sample

Sample code A B C HA
Elements (at.%) (at.%) (at.%) (at.%)
(0] 57.38 61.14 58.03 61.14
Mg 0.35 0.32 0.22 0.79
Al 37.10 28.84 28.02 33.04
Si 4.27 8.23 12.31 -

K 0.56 1.14 1.11 -

Zn 0.34 0.33 0.31 0.67
S - - - 4.36

load was increased progressively from 1 to 50 N, and the
variations in the frictional force with the increasing applied
load were studied. A visual examination of the scratch
track can reveal the critical load at which a definitive
failure of the coatings materializes. Frictional force
according to the load at which delamination of the coating
occurs is termed as critical load. The critical load (L)
values for the coated samples which are an indicative of the
scratch resistance of the coatings are presented in Table 6.
The thickness, hardness, porosity, and phase composition
of the coatings strongly influence their scratch resistance
[46]. The critical loads of the samples A, B, C and HA are
33,5 (£22) N, 415 (= 1.8) N, 37 (£ 1.5) N and 28
(£ 0.7) N, respectively. According to Amonton’s first law,
the friction force is proportional to the applied load through
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Table 5 Coating thickness (#) and surface roughness (R,) of the PEO-
treated samples (A, B and C) and hard anodizing (HA) sample

the area of contact and corresponding friction forces of the
samples A, B, C and HA are 9.4 (& 0.6) N, 13.1 (= 1.1) N,

Sample code (£ 1 pum) R, (um) 11.8 (£ 0.8) N and 5.7 (£ 0.4) N, respectively. Adhesive

failure of the coatings is apparent from the scratch tracks
A 40 32402 owing to the absence of the delamination adjacent to the
B 43 41+£03  (racks [47, 48]. The high scratch resistance of sample B can
c 46 49£03  pe referred to its higher resistance for Indentation. The
HA 44 14 £0.1

PEO-coated sample C has high thickness than sample B,

but sample C has lower critical load which may perhaps be
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Fig. 5 3D surface profile and corresponding depth profile of the PEO-treated samples A, B, C and HA sample
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Fig. 6 FESEM cross-sectional
micrographs of the PEO treated
samples A, B, C and HA sample

ascribed to the existence of comparatively more pores and
microcracks on the surface as observed from the surface
FESEM images portrayed in Fig. 3. From Fig. 7, variation
in the slope of frictional force vs. load curve and delami-
nation of coating for the HA sample can be observed in the
FESEM image. HA sample displays lower adhesion
strength due to few microcracks throughout the coating and
lower adhesion between the substrate and the coating
interface. The HA sample shows lower critical load value
(L. =28 (£ 0.7) N) among all coatings. It is mainly
because of the weak junctions along the oxide cell
boundaries as clear from the surface FESEM microstruc-
tures illustrated in Fig. 3. Scratch resistance offered by
PEO coatings (A, B and C) is superior to hard anodized
(HA) coating.

3.7 Potentiodynamic Polarization (PDP) Studies

The corrosive behaviour of the uncoated substrate (S), AC-
PEO-coated specimens (A, B and C) and hard anodized
sample (HA) in the 3.5 wt% NaCl corrosive medium was
assessed by polarizing the samples over a potential range of
— 500 mV to 3000 mV, and the corresponding data are
presented in Fig. 8. The potentiodynamic polarization test
parameters, i.e. exchange current density (i¢o) and corro-
sion potential (E.,,), are used to understand the samples’
corrosion characteristics through Tafel analysis in the lin-
ear region ( i.e. = 250 mV) around OCP, and are repre-
sented in Table 7. The E.,, describes the sample’s
thermodynamic tendency for corrosion, and i.,, describes
the corrosion kinetics. The relatively higher thermody-
namic stability of the sample against the corrosion reaction
can be evident from the higher E.,,, value, whereas lower
icorr Value indicates the sluggish corrosion reaction. The
corrosion potential and exchange current density values of

the coatings along with substrate are presented in Table 7.
Among the coated samples, sample B exhibits the least
affinity to involve in the electrochemical interactions. The

icor values of A, B, C and HA coatings are
8.50(% 0.18) x 107 mA/cm?, 5.63(% 0.28) x 10° mA/
cm?, 3.46(% 0.11) x 107 mA/cm? and
2.70(% 0.16) x 107> mA/cm?, respectively. In comparison
with the uncoated substrate (ieon = 1.33(% 0.14) x 107
mA/cm?), all the oxide coatings reveal superior corrosion
resistance. Among all coatings, AC-PEO sample B shows
good corrosion resistance. PEO coatings mainly consist of
two different layers, a compact inner layer and an outer
porous layer. The outer layer contains micropores, while
the inner layer is more compact than the HA coating. In
HA coating, micropores are continuous or go over the
coating. The plasma discharge melting product will cap
most of the discharge defects composed in the PEO pro-
cess’s initial state due to continuous passive film break-
down, molten metal solidification and reconstruction. The
PEO-treated sample B shows superior corrosion resistance
among all coatings under investigation owing to its higher
inner barrier layer thickness. PEO coatings A and C are
preferable in real time, despite their relatively lower cor-
rosion resistance compared to the HA sample, owing to
their better scratch resistance as discussed in the previous
session.

4 Conclusions

In summary, the effect of variation in the electrolyte con-
centration on the thickness, surface morphology, scratch,
and corrosion resistance of the AC-PEO coatings compared
with hard anodized coatings on the AA7075-T6 condition
was studied. The XRD patterns of all AC-PEO specimens
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Fig. 7 FESEM, panoramic optical micrographs and the corresponding friction force versus load curves of the PEO-treated samples A, B, C and
HA sample
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Fig. 8 Potentiodynamic polarization curves of the substrate (S),
PEO-treated samples A, B, C and HA sample in 3.5 wt% NaCl
solution

Table 6 Critical load (L.) and frictional force (F,) of the AC-PEO-
treated samples (A, B and C) and hard anodizing (HA) sample

Sample code Lc (N) F, (N)

A 33.5(£ 2.2) 9.4(£ 0.6)
B 41.5(+ 1.8) 13.1(£ 1.1)
C 37(£ 1.5) 11.8(£ 0.8)
HA 28(+ 0.7) 5.7(x 0.4)

Table 7 Potentiodynamic polarization parameters of the substrate
(S), PEO-treated samples A, B, C and HA sample in 3.5 wt% NaCl
solution

Sample code E.orr (mV) icore (MA/cm?)

S — 841.45(+ 12) 1.33(+ 0.14) x 1073
A — 284.61(+ 14) 8.50(% 0.18) x 107*
B — 542.48(+ 20) 5.63(+ 0.28) x 107°
C — 317.99(+ 15) 3.46(+ 0.11) x 107
HA — 312.13(+ 10) 2.70(%+ 0.16) x 107>

are mainly comprised of y-Al,O3 phase. All AC-PEO
coatings exhibited higher scratch resistance than HA
coatings. Among all the AC-PEO coatings, specimen B
with equal concentration (5 g/l Na,SiO; + 5 g/l KOH)
showed high corrosion resistance (icorr-
= 5.63(% 0.28) x 10°¢ mA/cmz) and good scratch resis-
tance (L. = 41.5 (& 1.8) N) than the uncoated substrate, A,
C and HA due to dense inner barrier layer and high coating
thickness. From the above results, it is concluded that the
composition of electrolyte played a crucial part in ascer-
taining coating characteristics. The equi-concentrated
electrolyte of Na,SiO; (5 g/I) and KOH (5 g/I) can be

contemplated as the most favourable electrolyte system for
obtaining better corrosion-resistant and scratch-resistant
coatings on AA 70705 alloy using AC-PEO technique.
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