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ABSTRACT
We worked on the synthesis of an organic molecule, i.e., 2-(1H-pyrazol-5-yl) aniline by the microwave method via
Amino Cinnamaldehyde and hydrated hydrazine in the presence of ethanol solvent and studied its Corrosion inhibition
property on Aluminium-2014 alloy in the 1Molar Hydrochloric acid solution at 25°C and 35°C temperatures. The
SEM micrographs are obtained and examined the surface nature of inhibitor-treated and untreated surfaces. It reveals
that the 2-(1H-pyrazol-5-yl) aniline treated surface has more tendency of prevention to corrosion than the free
Aluminium 2014 alloy. The potentiodynamic values revealed that Aluminium-2014 alloy possessing different
concentrations exhibit a higher tendency to prevent corrosion in 1M Hydrochloric acid solution at 25°C and 35°C
temperatures. We studied Tafel polarization and electrochemical impedance at different concentrations at 25°C and

35°C. The rate of adsorption increases with the inhibitor concentrations.
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INTRODUCTION
Pyrazoles are very good organic corrosion inhibitors. Upon literature studies, we synthesized a Pyrazole
molecule by the microwave method in the presence of ethanol solvent as a green solvent. Green Chemistry
has been employed, so that it is called a green corrosion inhibitor, the property of which studied for A1 2014
alloy.2-(1H-pyrazol-5-yl) aniline 3a was synthesized by using Amino Cinnamaldehydela with Hydrazine
hydrate 2a under microwave irradiation. 2-(1H-pyrazol-5-yl) aniline is an antibiotic medication, which acts
as a good corrosion inhibitor. Since Aluminium has unique physical qualities and is also an economically
cheap metal, it has wide applications in the field of metallurgy. Aluminum is lightweight and its
performance in transportation applications related to the aerospace industry is quite useful.!Our goal is to
find out the corrosion impedance of calcinated Aluminium-2014 alloy. In this paper, we look at one of the
aluminum alloys, Al-2014 and how heat treatment affects its corrosion resistance.?> Organic molecules
containing electronegative hetero atoms (N, P, O, and S) operate as corrosion inhibitors. As a result, this
sort of family includes certain pharmaceutical antibiotic medication molecules.*Recent publications on
corrosion studies of materials have focused on the inhibitory properties of antibiotic drugs when they are
exposed to acidic and alkaline environments. Rubidicin, on the other hand, is a more effective organic
molecule and adheres to the surface of metals, as reported.’On carbon steel in 1.0 Molar Hydrochloric acid
solution, the gravimetrically determined 2-(1H-pyrazol-5-yl) aniline (1800 ppm after 8 h immersion)
operates as a mixed inhibitor with a 94.47 percent inhibitory efficiency.®’ Some literature reported that
Tobramycin exhibits anti-corrosive properties on stainless steel in 1.0 Molar of HCI solution, with
inhibitory efficiencies of 82, 92.5, and 94.3 percent.® Antibacterial medications, Nifedipine drugs and other
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pharmaceuticals are also used to study the corrosion behavior of aluminum.’!! Retrogression and Re-aging
(RRA) heat treatments give these alloys a distinct behavior.'*!* The response of corrosion current can
realize the metal surface and estimate the corrosion parameters of any alloy.

EXPERIMENTAL

Synthetic Procedure of 2-(1H-pyrazole-5-yl) Aniline

To a solution of Amino Cinnamaldehyde (10mMol), Hydrazine hydrate (10mMol) was added. Nano-ZnO,
a catalyst was taken in a catalytic amount. The reaction mixture was subjected to microwave irradiation
(Scheme-1).'*15A preliminary test was confirmed on the reaction progress by TLC. The solution turns into
a solid precipitate when ice-cold water was added. The crude product obtained was washed with very hot
ethanol/water to separate Nano-ZnO. The pure desired product obtained was filtered and purified by ethanol
recrystallization.

(0}
X H Nano-ZnO, Solvent free H
+ NH,NH,H,0 N,
NH, MW \ /N
NH,
la 2a 3a

2-(1H-pyrazol-5-yl)aniline
Scheme-1
2-(1H-pyrazol-3-yl)-aniline
Yellow color solid, m.p: 149 °C, Yield (%): 92.00, FT-IR (Bruker): 3431 ¢cm™! (Pyrazole NH vibrations),
3249 (NH,,), 3100(Pyrazole ring CH, stretch), 1418 cm™ (Pyrazole ring, aromatic carbon-carbon
stretching); "H NMR (300MHz, de-CDCls): & 3.72 (2H, amino protons), 2.52 (CH, Pyrazole ring), 6.81 (1H,
d, J=2.5Hz), Ana. Cal.: C, 67.91; N, 26.43; H, 5.67; Found: C, 68.13; N, 26.80; H, 5.10.

Materials and Methods

For this study, commercially available Al-2014 alloy ingots were used and the elemental composition was
determined using EDAX. The recognized elements are given in Table-1. Firstly, Aluminium-2014 was
melted and its temperature is approximately just above its melting point using a furnace. The molten Al-
2014 was poured into the preheated cast-iron molds. The fine polishing was done with different grades of
silicon carbide sheets (600-1500) and later, cleaned with acetone as well as double-distilled water. Figure-
1 shows the molecular structure of 2-(1H-pyrazol-5-yl) aniline. AR-grade salt was used to make a std. 1.0
Molar Hydrochloric acid solution in deionized water. ' The inhibitor is made to soluble in deionized
water and adding it to a normal 1.0 Molar HCI solution.

H

L

Fig.-1: Molecular Structure of 2-(1H-pyrazol-3-yl)-aniline
Microstructure and Elemental Analysis
The SEM images gave the morphological data of the Aluminium-2014 alloy surface before and after
corrosion in the acidic medium and also the surface morphology of the inhibited surface and EDAX
measurements are performed with the same equipment.

Weight Loss Measurements

The inhibitor-treated and untreated Al-2014 alloy of dimensions 2.5 cm, 2 cm, and 0.025cm were kept in
250 cc of 1.0 M HCI for 24 hours at the temperatures 25°C and 35°C. The surface is washed with acetone
and deionized water at below room temperature. The surface of the Al-2014 alloy leads to reduce weight
in an acidic medium. The orders of weight loss were accurately measured using gravimetric analysis
(99.8%). The corrosion penetration rate (CPR) has been estimated by using the relation (1).'%2° The
inhibitory efficiency was calculated by using the relation (2).
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534W
CPR = DAT (mpy) €Y)
Where W=Weight reduction, D=Density of Sample, A=Area of the sample, and T=Time of Exposure

(hours).
Wo —W;
(M, %) = —>— x 100 @

L
Wy is wt. reduce in absence of an inhibitor

Wi is wt. reduce in presence of inhibitor

Analysis of Electrochemistry

Tafel Polarization Studies

The electrochemical studies are performed with ASTM G3-73 standard using CH-INSTRUMENT (USA).*!
The working terminal is dipped in the electrolyte solution for 30 min to achieve consistency in the range of
-250 to +250 mV. The polarization rate is expressed as 0.166 mV sec™! potential rate.

Electrochemical Impedance Spectroscopy
EIS was conducted in the acidic medium for all Aluminium-2014 alloy samples with and without inhibitors
by applying AC signals with a 10-mV amplitude and 1.0 MHertz—10.0MHertz frequency range.*

Microstructural and Elemental Analysis

Figure-2 shows the Aluminium-2014 samples in 1.0 Molar Hydrochloric acid solution in the presence and
absence of appropriate inhibitor 3a concentrations (A-D). In the instance of the Al-2014 alloy surface, the
results show that the corrosion decreased considerably with the presence of the inhibitor. In addition, we
identified the pits and cavities were not apparent in the case inhibitor untreated surface compared to the
inhibitor-treated surface. However, pits and cracks were revealed in the inhibited surface with a 50-ppm
concentration, in the lack of inhibitors in the acidic media, local erosion of materials results in a loss. When
using a 50ppm inhibitor, pits and erosion are visible, but they are less than before. The concentration from
50ppm to 100 ppm, the pits and erosion continue to be reduced; at the concentration of 150 ppm, the pits
and erosion were reduced.

1._.,'”“

Fig.-2: SEM images of Aluminium Alloy A) In the Absence of 2-(1H-pyrazol-5-yl)-aniline and In Presence of 2-
(1H-pyrazol-5-yl) Aniline in 1molar HCI Solution(B) 50 ppm (C) 100 ppm (D) 150 ppm

Weight Loss Studies

The corrosion penetration rate and inhibitory efficiency (nwi.%) of inhibitor 3a aniline in 1 Molar
Hydrochloric acid on the Aluminium-2014 alloy were measured and estimated at 25°Cand 35°C.
Table- 2 summarizes the findings. The corrosion efficiency was decreased when increased in the
concentration of 2-(1H-pyrazol-5-yl) aniline inhibitor. The untreated surface has a high corrosion rate.
Treated Surface has a low corrosion rate when the temperature is at 25°C & 35°C, a similar trend is
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observed. 23-2* The inhibition potency of 3a in the 1.0 Molar Hydrochloric acid solution is higher and
the rate of corrosion is more at 35°C than at 25°C.
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Fig.-3: EDAX of Aluminium 2014
Table-1: Weight% of Elements in the Aluminium 2014

Elements

Magnesium

Tin

Chromium

Manganese

Iron

Nickel

Silicon

Copper

Zinc

Aluminium

(Wt. %)

0.22

0.34

0.11

0.16

0.74

0.35

0.8

0.4

0.2

Balance

Table-2: Inhibitor Concentration (C), Corrosion Penetration Rate (CPR) and Inhibition Efficiency for Al-2014 Alloy

in the Acidic Medium (1M HCI)

Temperature Concentration Corrosion rate % Efficiency

9] (ppm) (mpy) (nwe %)
Blank 3235 | e

50 2.735 15.41%

25 100 2.223 31.28%

150 1.810 44.04%
Blank 3968 | -

50 3316 16.43%

35 100 2.696 32.05%

150 2.043 48.51%

Tafel Polarization Measurement
Figure-4 shows the Tafel polarization for temperatures 25°C and 35°C and the estimated data are presented

in theTable3. After adding 2-(1H-pyrazol-5-yl) aniline, the variation in the polarization curves occurred
toward reduced current density. The efficiency of corrosion increased with concentrations of inhibitor,
contrary ler values decrease progressively, indicating that the Al-2014 surface was covered by the
protective film established by the inhibitor. The corrosion inhibitors result in a large impact on the Ecor
values for the synthesized compound when compared to the unreacted (blank), with the largest
Ecor(0.674mV) displacement reported for 2-(1H-pyrazol-5-yl) aniline at a concentration of 150ppm. The
slant Tafel lines of the cathodic/anodic are not moved occasionally by adjusting inhibitor fixations, which
are likewise communicated. In general, the steady values of the 'B,." and 'B/ unique with blank untreated
samples. Subsequently, the 2-(1H-pyrazol-5-yl) aniline drug will be obstructing the corrosion by forming
coatings on the Al-2014 alloy. 2 There was a reduction in the corrosion penetration rates. From the plots,
we acquired the erosion effectiveness by the accompanying relations (3).
Trage% = (1= 7225) x 100 @
corr
Where cor Current density with Corrosion inhibitor; % Density without corrosion inhibitor

Table-3: Tafel Polarization Parameters of 2-(1H-pyrazol-5-yl) Aniline at Different Concentrations

Tempera Concentration Leorr pc Pa Il % Surface
ture Ecorr coverage
(ppm) Tafel (0)
250C Blank 1956 -0.712 106.2 542 | - —
50 1365 -0.682 110.7 54.7 30.21% 0.302
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100 674 -0.661 107.9 53.6 65.54% 0.655
150 463 -0.642 109.5 54.2 76.32% 0.763
Blank 2578 -0.674 119.4 53.1 — e
350C 50 1437 -0.672 125.2 543 44.25% 0.442
100 1002 -0.669 128.5 54.8 61.13% 0.611
150 837 -0.647 121.4 56.2 67.53% 0.675

Potential / \
Potential / V

24 81 e 73 72 a9 28 a3 90 47 "

log(Current/A) log(Curreat/A)

Fig.-4: Tafel Polarization Curves at a) 25°C and b) 35°C by using 2-(1H-pyrazol-5-yl) Aniline Inhibitor

Electrochemical Impedance Studies

Following a careful examination of that data, strange conclusions may need to be reached as follows: Each
anodic and cathodic Tafel polarization turns advances toward lower reducing perspective thickness after
the improvement of any 2-(1H-pyrazol-5-yl) aniline reinforcement. As the Lo respects lower providing the
inference of formation of defensive film at the Al 2014 surface. When compared to the uninhibited bend
(clear), the proximity of the breaking down inhibitors shifts Ecor values beautifully, with the most
substantial development of Ecor main set at respect for 100ppm is 24.2 milli Volts, is significantly lesser
than the 85.1 milli Volts.? If all else, the dislodging cutoff is higher than 85 mV.>"?® As a result, the four
2-(1H-pyrazol-5-yl) aniline subordinates are the mix type usage inhibitor with the guidance of strategies
for barricading structure on readily available Aluminium extravagant places to reduce the crumbling
charges once completed. It's encouraging to see that they're not exchanging.
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Fig.-5: EIS Curves at a) 25°C and b) 35°C by using2-(1H-pyrazol-5-yl) Aniline Inhibitor
Adsorption Isotherm
We used the adsorption isotherm equation for the prediction of the rate of inhibition that is directly
influenced by the adsorbent on the metal surface.”* We studied adsorption by inhibition based on the
factor (Kags). >13*It can be measured using the formula (4).

c 1
+C (4)

0 B Kads
Where: ‘C’=Inhibitor concentration in Moles; ‘0’=surface adsorbed
Table-4 displays the results collected. The negative AG®value suggests natural inhibition of a molecule on
a metal surface using molecular energy rather than external energy.

CONCLUSION
The microstructure examination of Al-2014 alloy at 150 ppm indicates that it has a lower corrosion
tendency. It also confirmed that the Percentage of inhibition efficiency nwiL% is around 44.04 percent
(25°C) and 48.51 percent (35°C) using the weight loss method. The Tafel polarization system was
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implemented. The following conclusions are drawn from the collected data: In 1.0 M HCI, mix-type
inhibitors reduce Al-2014 corrosion with increasing efficiency as inhibitor concentrations.

Table-4: Kags and (AG®)

0
Tem[())erature Concentration Concentr';ltion o (ﬁ‘}dg or (Ié?per
( C) (ppm) (m-mo e) 1'1'101) 1'1'101)

Blank — e e

50 0.3141 0.302 1377.00 -27.857

25 100 0.6282 0.655 3022.20 -29.805

150 0.9423 0.763 3416.54 -30.109
Blank — e e

50 0.13684 0.442 2521.85 -30.342

35 100 0.27370 0.611 2500.30 -30.320

150 0.41050 0.675 2204.00 -29.999
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