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ABSTRACT

Corrosion control of metals is an important activity of technical, economic, environmental,
and aesthetical importance. The use of inhibitors is one of the best options for protecting metals and
alloys against corrosion. This study involves the investigation of new and effective polymeric material
for the application of corrosion inhibition on aluminium in the acid medium using chemical and
electrochemical methods. Results obtained from weight loss and potentiodynamic and impedance
methods confirm that polyamides containing oxadiazole rings in their backbone can act as effective
corrosion inhibitors. The adsorption behaviour of this polymer on aluminium in 1N HCI was found to
obey Langmuir adsorption isotherm. SEM studies confirmed the protective film formed on aluminium

by the adsorption of Polyamides.
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1. Introduction

A chemical reaction between the metal and
gases in the surrounding environment causes corrosion.
These unwanted reactions can be minimized by taking
measures to control the environment. It can be as simple
as reducing exposure to rain or seawater or more
complex measures, such as controlling the amounts of
sulfur, chlorine, or oxygen in the surrounding
environment. An example would be treating the water in
water boilers with softeners to adjust hardness,
alkalinity, or oxygen content. Acid solutions are widely
used in industries for picking, cleaning boilers,
descaling, oil-well acidizing, etc. Corrosion inhibitors
are employed to control the rate of undesirable base
metal corrosion [1-4]. To minimize the percentage of
metal loss during this process, various compounds, such
as acetylenic alcohols, indoles, thiourea derivatives,
dithiazones, etc. are widely used [5-10]. Among these,
thiourea and its derivatives were found in commercial
formulations, but because of their toxic nature, their use
is unsafe. There is a great need to find a non-toxic
replacement compatible with  current industrial
technologies. In the last two decades, there has been an
increase in the use of

polymeric compounds as corrosion inhibitors
[11]. One of the most critical applications of aluminium
and its alloys is found in aluminium-air technology,
first developed by Zaromb [12], which was of particular
interest for its application to electric vehicle propulsion
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[13,14]. Amongst various types of anode materials,
aluminium exhibits a high theoretical energy density
(8.10Wh/g) combined with a high negative standard
potential (1.676 V vs SHE) [15]. Further arguments for
its consideration are its low production cost and the
existence of a large base for manufacture and
distribution.

2. Material and Methods

2.1. Preparation of the specimens

Aluminium specimens of 99.98% of 6 cm? area
with a hole drilled at the upper edge to hook it in the
glass rod for immersion in the test solution were used
for weight loss measurements. The aluminium
specimens were polished to a mirror finish with emery
papers of 1/0, 2/0, 3/0 and 4/0 grades, washed with
double distilled water, degreased with acetone and used
for the weight loss method and surface examination
studies.

Polyamides containing oxadiazole ring is
shown in figure 1 and it is used as corrosion inhibitors.
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Fig. 1 Polyamides containing oxadiazole ring
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2.2 Corrosion Inhibitor Studies

The weight loss and temperature measurements
were carried out as described elsewhere [16,17].
Inhibition efficiencies for different concentrations of P1
and P2 were calculated in the absence and presence of
the inhibitor in 1N HCI solution at 30°C.

2.2.1 Electrochemical Impedance Spectroscopy

Electrochemical impedance measurements
have been made to understand the mechanism of
corrosion inhibition and the effectiveness of the
oxadiazoles in the polymer ring. Impedance
measurements were carried out at the open circuit
potential using computer controlled potentiostat. After
immersion of the specimen, before the impedance
measurement, a stabilization period of 30min was
observed for Eoc to attain a stable value. The ac
frequency range extended from 10kHz to 0.01Hz with a
signal amplitude of 10mV at the corrosion potential. Z-
view  software  automatically  controlled the
measurements, and the impedance diagrams are given in
the Nyquist representation (Zreal vs Zimaginary). From
the Nyquist plots, electrochemical parameters such as
Cdl and Rt were calculated.

2.2.2 Polarisation measurements

The Tafel polarization measurements were
made after EIS studies in the same cell set-up for a
potential range of -200mV to +200mV concerning open
circuit potential at a scan rate of ImV/sec. From the plot
of E Vs log I, the potential corrosion Ecorr, corrosion
current Icorr, Tafel slopes ba and bc were obtained in
the absence and the presence of inhibitors at various
concentrations.

2.2.3 Surface Examination studies

Aluminium specimens used for the weight loss
method have been used for the entire Scanning Electron
Microscopy study. Surface morphological
characteristics of the inhibited and uninhibited samples
were recorded after one-hour immersion in the
aggressive medium at room temperature. The optimum
concentration for recording SEM was chosen as
1000 ppm since the inhibitors exhibited the highest
inhibition efficiencies at this concentration.

3. Results and Discussion

3.1. Weight loss method

Analysis of Weight loss data derived for the
corrosion inhibition of aluminium surface in the absence
and presence of various concentrations of polymeric
inhibitors, viz, P1 and P2 in 1M HCI, reveals that the
inhibition efficiency increases with the increase in the
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concentration. Figure 2 shows the variation in inhibitor
efficiency with change in concentration of inhibitor. The
inhibitor efficiency is increased with increase in
concentration of inhibitor from 450ppm to 1000ppm.

Table 1 Inhibition Efficiency of Polymer on
Aluminum in IMHCI

c £ 2 —_
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“ 5 = ® S 5 & 58
° =2 S = = z 238 BF
o 235 8 € iG] e 283 873G
= §E 58 g3 52 gLz Eg
s z£ 02 &Z8 E 830 =i
1 Blank - 0.0807 0.4364 -
2 P1 500 0.0063 0.0341 0.9219 92.19
1000 0.0047 0.0254 0.9418 94.18
3 P2 500 0.0037 0.0201 0.9542 95.42
1000 0.0027 0.0146 0.9665 96.65
Plot of variation of inhibitor efficiency with inhibitor
concentration at 3011°Cin 1M HCl for polymer containing
oxadiazoles (polyamides)
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Fig. 2 Variation of Inhibitor efficiency
3.2. Potentiodynamic polarization method
Analysis of potentiodynamic polarization

curves and data indicate that both the polymeric
inhibitors exhibit excellent inhibition efficiency for
aluminium corrosion in hydrochloric acid solution. For
these polymer inhibitors, the inhibition efficiency
increases with the increase in inhibitor concentration.
Analysis of ba and bc values for the polymeric
inhibitors P1 and P2 indicate that they behave as
predominantly anodic inhibitors.

Table 2 Inhibition Efficiency of the polymers in 1M
HCI by polarization method at 30+1°C

o
(<] = 8} [5)
£ e 3 3 Lo T
55 5z 3 3 g% 3§ 3
o 25 58 E £ wk  Fz O
z E2 E£5 3 s = 2 -
w Z.£ £0c
1. Blank 0365 0201 01297 0.5589
2. P1 500  0.068 050  0.0559 0.1543  72.39
1000 0095 0160 00429 01438 74.27
3 P2 500 0101  0.55  0.0489 0.1220 78.17
1000 0129 0160  0.0232 0.1020 8L75
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Fig. 3. Nquist Plot

3.3. Electrochemical Impedance method

Figure 3 depicts the Nquist plot for aluminium
blank, film inhibitor with 500ppm and 1000ppm on
aluminium. Analysis of the impedance data and the
Nyquist plots reveals that polymeric inhibitors inhibit
the corrosion of aluminium in 1M HCI solution with the
inhibition efficiency varying from ~90% to ~ 96% for
the change of inhibitor concentration from 500 ppm to
1000 ppm. The fact that the Cdl values for the inhibitors
have decreased with the increase in inhibitor
concentration indicates that inhibitor adsorption as the
corroding surface has increased with increasing inhibitor
concentration. Since the Nyquist plots are semicircular,
the corrosion process is activation controlled in the
presence of these inhibitors.

Table 3 Impedance parameters for corrosion of
aluminium with polymers as inhibitors in 1M HCI

® 2 & —
= S 5 E
5 5 e E T =
s EZS e E & 2 S
» g = 8 cZ o J u
1 Blank 1.042 6.110 -
2 P1 500 2.907 9.593 64.15
1000 3.065 5.773 66.00
3 P2 500 2.942 5.706 64.58
1000 5.79 7.884 82.00
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3.4. Adsorption Isotherm

Analysis of adsorption data provides
information regarding the interaction among the
inhibitor molecules and their interaction with the metal
surface. The adsorbed molecules may hinder the surface
from adsorbing additional molecules at neighbouring
sites. Hence, a monolayered or multilayered can be
found from the analysis of 0 Vs log Cin plots. Analysis
of these plots reveals that the adsorption is
monolayered.

3.4.1. Effect of Temperature on adsorption and
inhibition efficiency

The data derived from temperature variation
studies indicate that the surface coverage values and
hence the % IE values decrease with the increase in
temperature. It indicates that the adsorption is physical
in nature (physisorption).

3.4.2. mechanism of inhibition by oxadiazole
polymers in the present investigation:

The most probable mechanism of corrosion of
Al in HCI medium can be summarized as

Al + nCl" = AICI,G" + (3-n)e”
dissolution of Al)

2H* + 2e" = 2Has — H,T (Cathodic evolution
of Hy gas)

Hence the prime steo in the corrosion of Al in
HCI medium is the attack of aluminium metal by CI
ions of the aggressive acid medium.

Polymers contain nitrogen atoms in the
polymeric chain, and the H+ ions can protonate a
sizeable proportion of them from the HCI medium. Then
the binding of CI* ions with polymeric inhibitor
molecules may lead to forming a quaternary salt. These
quaternary salt molecules with many cationic anchoring
sites may adsorb on the anionic metal sites on the
aluminium surface. Both the polymers are aromatic
polymers; hence, aromatic rings are expected to
participate in the adsorption process by the interaction

of the 1r-electrons of the aromatic sextet with the vacant
orbitals of the aluminium surface. In addition to the
aromatic rings, the functional groups present in the
polymer molecular such as -N=N-, C=N, will also be
anchoring sites to facilitate the adsorption of polymer
molecules. The unpaired electrons on the oxygen atom
will also function as another anchoring site to help the
adsorption process. The adoption of flat orientation of
the entire molecule with respect to the metal surface
assists the entire adsorption process.

(Anodic
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3.4.3. Comparison of inhibition efficiency
between P1 and P2

Although both P1 and P2 have inhibition
efficiencies above 95%, P2 seems to be more efficient
(~98%) than P1(~96%). This small difference in
inhibition efficiency can be attributed to the steric factor
arising from the presence of pendant units in the
benzene ring of the dicarboxylic acid monomer. The
absence of a pendant unit in P2 makes these molecules
more readily adsorbed linearly on adjacent sites without
steric hindrance. Further, the —NH, groups adsorbed on
neighbouring sites can interact due to the formation of
hydrogen bonding as —N-----H-----N--. Consequently,
P2 is a more efficient inhibitor as compared to P1.

3.4.4. SEM Studies

Figure 4a shows the Aluminium polished
surface before immersion in 1M HCI solution, and
figure 4b depicts the image of the aluminium sample
after being immersed in 1M HCI solution. The
electrolyte solution severely affects the uncoated
aluminium due to corrosive species.

10kV X30 . 500um 11.30 SEI

Fig 4a. Aluminium polished surface before
immersion in 1M HCI Solution

108V, A0 SO0k b

Fig. 4b SEM for aluminium after immersion in 1M
HCI solution
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Figure 5a shows the corroded image of
aluminium coated with the P1 inhibitor, and figure 5b
depicts the corroded image of the aluminium coated
with the P2 inhibitor. As evidenced from SEM images,
the resistance in corrosion has been higher in the P2
inhibitor when compared to the P1 inhibitor, as the P2-
coated Al corroded image reveals less damage. Here, the
P1 inhibitor-coated Al corroded image presents a severe
corrosion attack.

Fig 5a. SEM Image of Aluminium coated with P1
inhibitor

Fig 5b. SEM image of aluminium coated with P2
inhibitor

4. Conclusion

Polyamides containing oxadiazole ring perform
well in 1IN HCI solution and inhibits the corrosion of
aluminium 1N HCI solution at a concentration of 1000
ppm. The adsorption of polyamides on the aluminium
surface in 1N HCI solution obeys Langmuir adsorption
isotherm. The SEM analysis confirmed the protective
nature of the polyamide on the metal surface. Hence,
newly synthesized polyamides containing oxadiazole
ring may be considered a safe and effective inhibitor for
decreasing the corrosion of Al in an acidic medium.
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