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Corrosion characteristics of BaTiO3
perovskite coatings on AZ31 alloy
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Abstract

In this work, we have synthesized BaTiOs perovskite
material by the hydrothermal procedure. The synthesized
BaTiOs perovskite material was characterized by XRD
and FTIR analysis. The XRD study reveals high crystalline
nature, and the FTIR analysis shows the presence of -OH
and CH functional groups. The BaTiOs perovskite
material was mixed with silicone resin and coated over
AZ31 by the doctor blade method and dried in an oven at
90 °C. The coating was cured for 2-6 h before commencing
the electrochemical analysis. The coated samples were
mounted with copper electrical wire and used as an
anode or working electrode in 3.5% NaCl electrolyte,
wherein platinum foil as the counter electrode and
saturated calomel electrode (SCE) as the reference
electrode. Initially, open circuit potential was recorded
and preceded by electrochemical impedance (EIS)
measurements. Finally, a linear sweep voltammogram or
Tafel plot was recorded, and data were plotted. It is
noticed that the OCP was -0.25 V (vs SCE), and corrosion
current density was found around 6 x107 A/cm?2. The
results reveal that perovskite-based BaTiOs; coatings
demonstrated a noble shift in the corrosion potential of
AZ31 alloys in the NaCl medium. The presence of silicone
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resin played a vital role in developing homogeneous
BaTiO; perovskite material coatings over AZ31 alloy.
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1. Introduction

Magnesium alloys are being used well in many applications due to
the specific properties such as light weight, high strength with low
density (1.7 g/cm?). The Mg alloys are widely used in the
manufacturing of aerospace, automotive components and
industrial equipment, which include steering wheels, seat frames
and transmission cases in automobile industries, airframes and
internal components in aerospace sectors, etc. [1, 2]. Due to the
more negative electromotive force, the Mg and its alloys suffer with
higher corrosion rates [3, 4]. Many attempts have been made to
improve the Mg and its alloys corrosion resistance in an aqueous
medium [5-12]. Among all the surface modifications by the
application of coatings found a commercially feasible method to
improve the corrosion resistance and protect the Mg alloys [13-15].
The tungsten carbide coatings were developed by plasma
electrolytic oxidation process on Mg alloy (AZ31), wherein the WC
coatings showed noble shift [13]. Further, Wu et al. developed
diamond like carbon (DLC) coatings on AZ31 alloy, which showed
excellent corrosion resistance [14]. Similarly, Han et al. developed
Graphene based coatings and demonstrated shift in the positive
direction of -1.15 V (SCE) in 3.5% NaCl electrolyte [15].

More recently, Zhang et al. [16] developed PEO/Mg-Al layered
double hydroxide (LDH) coatings on AZ31 alloy using one-step
plasma electrolytic oxidation (PEO) method. Aluminum and Zinc
enriched nanometer thick layer formed at the substrate and PEO
coating, which in turn showed an enhancement in the corrosion
resistance for AZ31 alloy. Similarly, Zahedi et al. formulated a
composite coating of the Zn-Ce LDH/oxide on AZ31 and
demonstrated enhanced corrosion protection [17]. Mashtalyar et al.
developed a process to incorporate ZrO,/SiO> nanomaterial in the
PEO layers and identified that the incorporation of nanomaterials
showed enhanced corrosion protection in Mg alloys [18].
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Most of the works related to the research work on the corrosion-
resistant coating for Mg alloy have not studied the corrosion
behavior on perovskite oxides BaTiOs of AZ31 alloy. In this work,
BaTiOs perovskite material synthesized by simple hydrothermal
route. The BaTiOselectrode was prepared by the following
procedure. Initially, the BaTiOsmaterial was mixed with silicone
resin and coated over AZ31 using doctor blade method and dried.
The coated samples were used as working electrode in 3.5% NaCl
electrolyte, wherein platinum and saturated calomel electrode
(SCE) foil were used as counter electrode and reference electrodes,
respectively. The results reveal that perovskite based BaTiOs;
coatings demonstrated a noble shift in the corrosion potential of
AZ31 alloys in NaCl medium. The presence of silicone resin played
a vital role in developing homogeneous BaTiOs perovskite material
coatings over AZ31 alloy.

2. Materials & Methods

2.1.Chemicals

The chemicals such as barium hydroxide (Ba (OH), H.O, CAS NO:
22326-55-2), titanium chloride (Ti(OH)s, CAS NO: 7550-45-O)were
purchased from Merck and Silicone resin 1805was purchased from
Dow Corning.

2.2.BaTiO3 synthesis

BaTiOs nanoparticles were synthesized via hydrothermal route.
10 mmol of each barium hydroxide and titanium chloride are
dissolved separately in distilled water and mixed together under
stirring. Further, 10 mol NaOH solution was added to adjust the
pH=13 of the above solution and transferred into a 50 ml capacity
Teflon-lined stainless-steel autoclave and dried.

2.3.AZ31 Sample preparation

The AZ31 samples were cut into 11 x 11 x 3 mm size using wire
EDM process. The samples were polished using SiC grit paper,
wherein the polishing procedure stars with the initial 200 SiC grit
paper and went up to 1200 grit and finally 1- and 0.5-micron
diamond paste polishing with cloth. The samples were washed
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with non-polar solvent (Diethyl ether) to remove the polishing
impurities.

2.4.Electrode preparation

The perovskite oxide powder of BaTiOs(1 g) was added to silicone
resin (10 ml)and mixed well. The paste was then applied on the
AZ31 alloy by doctor blade method. The coated samples were dried
in oven before commencing the electrochemical studies.

2.5.Electrochemical experiments

The corrosion resistance of bare AZ31 alloy and BaTiOs perovskite
oxide coated AZ31 alloy was analyzed using three electrode based
electrochemical system, wherein the coated AZ31 alloy as working
electrode, platinum foil as counter electrode and saturated calomel
electrode (SCE), while 3.5% NaCl electrolyte.

2.6.Instrumentation of characterization studies

X-ray diffraction pattern was recorded on an (XRD Bruker D8-
Advanced, Germany) angle between 10 °- 90 ° angle with 6 ° per
min. FT-IR (Fourier Transform Infrared spectroscopy) were
obtained through transmittance data on an FI-IR spectrometer
(Bruker Tensor 27). Samples were analyzed by using HRTEM
(High-Resolution Transmission Electron Microscope) (Tecnai F20 S-
TWIN TMP, Netherlands) with a resolution 0.144nm.
Electrochemical workstation PARSTAT 2273 with power suite.
ZEISS field emission scanning electron microscope (FESEM) is used
for surface analysis.

3. Results & Discussion

3.1. X-ray diffraction analysis

The crystallinity and phase purity of bare AZ31 and BaTiOs
perovskite oxide coated AZ31 alloy were analyzed by X-ray
diffraction analysis and presented in Figures 1 and 2.
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Figure 1: X- ray diffraction pattern of AZ31 alloy

The obtained X-ray diffraction peaks for bare AZ31 alloy are well
matched with the standards (JCPDS file no 35-0821) hexagonal
crystal structure that belongs to P63/mmc space group for Mg
alloy (a=b=3.2094 A and c¢=5.211A) [19-21].
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Figure 2: X- ray diffraction pattern of BaTiO; perovskite oxide coated AZ31 alloy
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Figure 2 demonstrate the high crystallinity of BaTiOs perovskite
oxide coating with most preferential (110) plane. The other peaks (1
01),(021),(202),(113),(122),(024),(131),(312),(223),(00
6) and (1 2 5) exhibiting a perovskite crystal structure with
tetragonal symmetry (a = b = 3.9940 A and ¢ = 4.0380 A)and
belongs to P4Amm space group [23 - 24].

4. Surface morphology

4.1. Surface morphology

The surface morphology of BaTiO; perovskite oxide is shown in
Figures 3-5. It is noticed that the nano particles are well distributed.
The shape of the particles is irregular and the size is varied among

Figure 3: Surface morphology of BaTiO3 perovskite oxide

The higher magnified images showing the surface morphology of
BaTiO; perovskite oxide show distinct features, which includes
nano sized particles. The crystal growth shows there is no much
effect of surfactant in the synthesis of BaTiO; perovskite oxide. As
mentioned in the XRD analysis, the powders are free from
impurities and the figures show the shape and size of particles,
which corresponds to purely BaTiOs perovskite oxide. In many
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applications, the nano-sized particles provide better performance,
however, in the current study, the nano sized particles provided
high dense packing in the coatings.
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Figure 5: Surface morphology of BaTiO3 perovskite oxide at higher magnification
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4.2. HRTEM analysis
The morphological images acquired through high resolution

transmission electron microscope images is shown in Figure 6.
. N

0.5 um

Figure 6: HRTEM images of BaTiOj3 perovskite oxide

Figure 7: SAED of BaTiO3 perovskite oxide
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The Figure 6 reveals that the nanoparticles are clubbed together
and showed as micro-sized particle. However, the individual
particles are clearly demonstrating the nanosized nature in high-
resolution transmission electron microscopic analysis. The BaTiO3
perovskite oxidepowder was sonicated and deposited on the Cu
grid and examined the morphological features in HRTEM. The
Figure 7 reveals the polycrystallinity nature.

4.3.FTIR analysis

The Fourier Transform Infrared Spectroscopy (FTIR) analysis of
BaTiO; perovskite oxideis shown in Figure 8.
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Figure 8: FTIR spectrum of BaTiOj; perovskite oxide

It is noticed that the peaks at 558, 1450, 1630 and 3500 cm-1. The
band at 558 cm-1 is attributed to the stretching mode of Ti-O. The
bands at 1450 is correspond to the vibration C-O in -CO32- due to
presence trace BaCO3 [25, 26]. This attributed to the CO2 solubility
in high alkaline medium that eventually reacted with Barium to
form barium carbonate. This is high un-avoidable reaction due to

9
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the carbon dioxide entrapment during the chemical reaction in
hydrothermal system. The band at 3500 cm-1 corresponds to O-H
group and a peak at 1626 cm-1 corresponds to the bending mode of
H-O-H resulted from physically adsorbed water.

4.4.Electrochemical analysis

The corrosion potentials of bare AZ31 alloy and BaTiOs perovskite
oxide coated AZ31 alloy are shown in Figure 9.
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Figure 9: Open circuit potentials of bare AZ31 and BaTiO3 perovskite oxide coated AZ31 alloy

From the figure, it is noticed that the bare AZ31 alloy shows a
corrosion potential around -1.65 V (SCE), while BaTiOs perovskite
oxide coated AZ31 alloy shows a corrosion potential of around -
1.25 V (SCE). This feature clearly indicate that the perovskite
coating is beneficial as the corrosion potential shifted to more noble
direction, which shows the higher corrosion protection induced
due to the coating.

The corrosion characteristics of bare AZ31 alloy and BaTiO3
perovskite oxide coated AZ31 alloy were studied and the corrosion
behavior observed from the recorded Tafel plots. The Tafel plot of
bare AZ31 alloy is shown in Figure 10.

10
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Figure 10: Tafel plot of bare AZ31 alloy.

From the Figure 10, it is noticed that corrosion potential is noticed
that bare AZ31 demonstrated the corrosion rate 3.4 x 104 A /cm?.

Similarly, the Tafel plot of BaTiO; perovskite oxide coated AZ31
alloy is shown in Figure 11. From the Figure, it is noticed that
corrosion potential is noticed that BaTiOs perovskite oxide coated
AZ31 demonstrated the corrosion rate 6 x107 A /cm2.
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Figure 11: Tafel plot of BaTiOs perovskite oxide coated AZ31 alloy.
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The electrochemical impedance spectroscopy (EIS)curves of bare
AZ31 and BaTiO3 perovskite oxide coated AZ31 alloyin 3.5 % NaCl
solution is shown in Figure 12.
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Figure 12: Electrochemical impedance curves of bare AZ31 and BaTiO3 perovskite oxide coated
AZ31 alloy

The EIS studies show that bare AZ31 alloy showed very less
corrosion resistance, and BaTiOs; perovskite oxide coated AZ31
alloy showed superior corrosion resistance.

5. Conclusion
e The BaTiOs; perovskite oxide was synthesized using a

simple hydrothermal process

e The BaTiOs perovskite oxide coatings were developed on
AZ31 alloy using silicone resin

e The bare AZ31 alloy showed corrosion potential Ecorr of -
1.65 V (SCE) and demonstrated 3.4 x 104 A/cm?, while

12
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BaTiOs perovskite oxide coated AZ31 alloy exhibited6 x10-7
A/cm2.

e The results reveal that the BaTiOs perovskite oxide coated
AZ31 alloy demonstrated higher corrosion resistance than
of bare AZ31 alloy
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