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Abstract: Plant materials are still employed for metal corrosion, which is a significant cause for
concern, given their simplicity in synthesis, availability, accessibility, cost, environmental friendliness,
and potent inhibitory actiof.his study treats mild steel in a hydrochloric acidic medih the pericarp

of theTamarinduandicafruit (TPW) as a green inhibitof.he agueous extract of the reed of tamarind

is rich in organic compunds determined using the peaks obtained filuatJV-visible spectrum and

IR spectrum. The inhibition efficiency of the extract is determined using weight loss and
electrochemical method#. was discovered that inhibition efficiency réseith increasing nhibitor
concentrations but falwith rising temperatures and increasing acid media concentrations. The
maximum inhibition efficiency was found to bd.9% at 303 K in 0.25 M HCIA mixed type of
indicator is TPW, which obeys Langmuir adsorption Isotheend the inhibition mechanism is studied

for the constituent molecules present in the TRWhis study, mild steel in a hydrochloric acidic media

is treated with the pericarp of tiamarindusndica fruit (TPW) as a grednhibitor andthe activation
energyis calculated to study the inhibition mechanism. The sample surface morphology is analyzed
using scanning electron microscopy and engligpersive xray spectroscopy.

Keywords: mild steelcorrosionpolarizationelectrochemical impedance
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1. Introduction

Materials around ugsemetals and their alloys for their structural applications. This is
mainly because of the low cost and easy availability of metals needed for inventions,
fabrications and their desired mechanical properties. The applications of metals and their
alloys are extended fronbuilding construction to bridges and damsphaments and
automobiles, machineygnd so onwhich brought about an industrial revolution in the modern
era [1]. But thee secalled useful metals face a constant and contisymoblemas they are
chemically and environmentally attacked [2].

Adding to this industrial processes like acid washing resaltunwanted metal
corrosion [3]. The widely used methodganstthecorrosion of materials against the corroding
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solutions and thus to protect them are many. But waremmhibitor is added to protect the
metals it has applicatiogin acid pickling, industrial acid cleaning, acid descaling, cleaning of
oil refinery equipment and oil well acidizipgtc [4,5]. Thus it is necessary to add a small
concentratiorof inhibitors to the corrosive mediahich will decrease or prevent the reaction
of metal with that corrosive medium. These inhibitors can be added t@dfiagcsystems,
refinery units, oil, gas production units, chemicélsiler, etc, as they have a heteroatom like
N, O, S and the multiple bonds in their molecpleisich get adsorbed on the d orbijtal the
metal surfacg6].

But these inhibitors are xa, costly, and environmentally destructive, so there is a need
for green inhibitors which arenvironmentally friendly, chega@nd have good sustainable
results []. Thusgreenchemistry appreciates the use of natural produatsesion inhibitos
due to the vast availability pollution-free, and biodegradability [2]. The green inhibitors
are organic compoundmdfollow the mechanism of adsorption dretmetal surface. It may
include the electrostatic interaction between the charged metal and the inhibitor molecule [13].

Thus the extracted compounds fraratural products such as henna, honey, pectin,
propolis, Tagetes erectdviusa paradisicakind sabdariffaare used in acidimedia [L4-24].
Asha Thomaet al have studied the corrosion inhibition propertié<sarcinia indica extract
in hydrochloric acid for mild steel and obtained an efficiency of 93% for 0.5M HCI, 87% for
1M HCI at 303K[25]. Jiyaul Haque investigated the corrosion inhibitionreviia Peruviana
[26]. Mohammad Anin Bidi studied the inhibition efficiency of hyalomma tick extract and
showed an increasein corrosion inhibition efficiency with the increase innhibitor
concentratior{27]. Anti-corrosive properties of Q35 steel were studied using the aqueous
extract ofBrassica oleracea in two acidic medswoh HCIl and HSQ: by Hao Liet al, showing
the efficiency of 92.3% in Sy and 93.8% in HC[28]. Shimaa NAli examined the arti
corrosive properties of fenugreek seeds in HCI ap84{29]. Sanjay Kumaret al have
displayed their work on the inhibitor of Azadirachta indapularly known as neenm acidic
media[30]. Piper longum extract is usedaagreen inhibitor against the corrosion of metal
aluminum with basic medm NaOH by Ambrish Singbt al. [31]. Jasna Halambe#t al. have
evaluated the antiorrosive propertiesf pectinisolated from tomato peel waste for natural tin
corrosion using sodium chloride and acetic anetlium B2]. The inhibitory action from the
leaves ofAnanas sativum leaves for alumm in acid hydrochloride solutions is found to be
96.09% in 0.5M acid using gravimetric and hydrogen etvoh method by E.I. Ating et al.

[33]. J.O.Maduet al haveshown the inhibitor action of Terminalia Catappa leaves extract in
anacidic medium for stainless stewedhich is 96.8% [34]. AlIDehghankt al. have screened to
inhibitory efficiency of Tamarindus indica extract to be 93%lyEIS method for 80fpm
concentration [35]. Sangeetha Jayakumiaal investigated the efficiency of tamarind fruit
pulp asagreen inhibitor irmnacidic medium of hydrochloride[36].

Similarly, Iroha and James have also discussed the green inhibition of tamarind fruit
pulp perfural resin[37]. Khalidet al. used tamarind fruit leavéo study their inhibitory
efficiency against mild steel enacidic medium[38]. Velvet tamarind fruit g&ct in sulphuric
acid was used againstuminum corrosion inhibitiotry James A.Oet al [39]. Osarulobeet
al. have shown the green inhibition of African black velvet tamarind (Dialium indium) for mild
steel and copper[40,41]. The taitaacid obtained from pugtd in 0.5M sulphuric acid has the
inhibitor efficiency for mild steel by Guet al [42]. The tannin extracted from thamarind
shellin Nigeria using methanol was used for rust transformation andcahadficiency d
95.8% In comparison,the aqueous acetone extract of Tamarind shell achieved rust

https://biointerfaceresearch.com/ 20f21


https://doi.org/10.33263/BRIAC136.544
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAT36.544

transformation of 94.8% for mild steel in acidic hychtride by Abdulmajid Aet al [43].
Thus a lot of study on the various part§ afnarindus indica has been don@gseen inhibitor
againstorrosion to proteddche metal. Tamarindus inditann is a leguminous plant species of
Fabaceael.eguminosaeor Caesalpiniaceae family. Tamarind is a Persian wmatimeans
'Date ofindia. Every part of the tamarind treeuseful as it is medicinandartioxidant, adds
nutrition andflavors toculinary preparationsand is coseffective[4445]. The present work
discusses the inhibitory efficiency of the aqueous extratapfarindusndica pericarp (TPW)

to avail for its industrial use. The reason to have TPWasit is ecofriendly, costeffective

and due to its availability. The aqueous extract of the entire pericarp of the tamarinddruit as
inhibitor is applied fothe anticorrosive action of metal snovel idea. The basic knowledge
of theresistance to corrosion by the TPW is carried out through gravimetric analysis. The effect
of acid and inhibitor concentration, temperat@te., is made using electrochemical methods
suchas ElSand PDP. By obtaining the thermodynamic parameters, kireatit adsorption
studies of the inhibitor on metal wed®ne, which shed light on the cathodic and anodic
corrosion reactions. The impact made on the metal by TPW is obtained tihmoygjtologcal
analysis.

2. Materials and Methods
2.1 Testsolutions

2.1.1 Medium/Electrolyte

Hydrochloric acid (HCI) solution of different concentrations is obtained by diluting the
HCl in distilled water.

2.1.2 TPW extract

The aqueous extract of TPW wittoncentration of 10% is obtainég refluxing the
dried pericarp offamarindugndica for 3 hours at €. This extract is kept overnight and
filtered to obtain the stock solutioithe corrosion inibition studies were made by adding the
stock solution into the electrolyte and thus obtained 1%, 2%aB&64%.

2.2 Electrodes

The electrodes used for the electrochemical studies incdudaturated calomel
electrode (SCE) aareference electrode, platinum electrode aan auxiliary electrodeand
the mild steelspecimeras the working electrode. The composition of the mild steel taken was
(0.8%) C, (0.1%) Si, (0.060) P, (0.080p8d(98.6%) Fe. The area tifemild steel specimen

used for EIS and PDP studiesas1.0 cnt, and the area for the gravimetric analysis @25
cné.

2.3. Characterization of TPW

TPW used for the study is a plant extraattaining many functional groups responsible
for inhibiting metal corrosion So these functional groups were detected usingRFand
Double beam UVVisible spectrometry. The UVisible double beam spectroscopy determines
the absorbance of the TPW extraahd FTIR peaks were recorded by scamtluding
wavelength range 406800cnt.
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2.4. Gravimetric analysis

The corrosion efficiency of taarind rind is found in dilute ydrochloric acid of
strength 0.5N and 1N.-4% of TPW was added to make up to 80ml. A beaker was placed
separately witlthe acid itself asa blank solution. Mild steel specimens were polished with
emery papers to mirr@bright finish. Thebars were washed in watend dried, and each bar's
weight wastaken using an electronic balancéeh the bars were dipd in the solutions for
24 h. After 24 hthe barswere taken outand the metal surfacgaswashedwith water and
weighed using aelectronic balance. By comparing the initial and final weitite efficiency
of the extractn inhibiting metal corrosion can be foundingtheweight loss method.

Equation (1) is used to calculate the % inhibitor efficiency of the weight loss method.

Inhibitor efficiency P’ OO0 ——  pnm (1)
where Winh and Wuninlare the weight loss values with and without differgtibitor

concentrationgespectively.
The corrosion rate is measured usgggiation (2).

oY — (2)
where W is the weight loss due to immersion, A is the area expmsed is the time taken in
hours.

2.5. Electrochemical tests

Electrochemical testing was performed in a theetrode cell usingan
electrochemical corrosiomnalyzer model Gill AC 1864 from ACM instruments, UK
connected to a computer. Each run was carried out in aerated solutitms raguired
temperature, using a thermostatically controlled water bath. The mild steehmassed in
the test solution for 10 minutes until the open circuit potentialvds reached. fie
potentiodynamic currenpotential curves were executed with respedta, with a scan rate
of 60mV/min for recording the Tafel plots and thetential sweep of + 250mV versus open
circuit potential at differenemperatures (303K, 313K, 323K & 333K)LS measurements for
recording the impedance spectrum at the open cipniéntialare between the frequency
ranges of 0.1Hz to 100kHz using AC signals of 10mV.

2.6. Surface analysis

The influence of the phytochemical constituent of the extract on the corrosion
phenomenon of the mild steel was detected by tagimgtograps of fresh inhibited and
uninhibited mild steesampleswhich were recordedusing SEM-EDXS. Scanning Electron
Microscope TESCAN VEGA3 was used for the analysis of the morphology of mild steel
samples. For SEM anBDX analysis, metal coupons were prepared falhgwthe same
procedure as explained for the gravimetric
analysis.Themildsteelspecimenswereimmersedfor24hoursinlMHCIsolutionwith and without
10% of TPW extract at 303K. After 24 hours, the mild steel was taken th t&fst solution,
rinsed withdi-ionizedwaterandethanol dried andsubmitted fofSEM and EDX.
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3. Results andDiscussion
3.1 Gravimetricstudies
3.1.1 Effect of immersion time
The value obtained from the gravimetric analysis is giverainle 1.

Table 1.Values obtained from the gravimetric analysis

Concentration of acid: 0.5M HCI 1M HCI

X%g};)e of the inhibitor oo mgienth) wIE CR(mg/cnth) %IE
Blank 0.8926 1.4437

1% 0.3145 64.76 0.5455 62.21
2% 0.2882 67.72 0.5055 64.99
3% 0.2289 74.35 0.4269 70.43
4% 0.1777 80.09 0.2669 81.51
5% 0.0717 91.96 0.2222 84.61

The pH of the blank anaffter adding the TPW extract had no change. From the results
obtained from the gravimetric analysis, it can be seen that a&PWeextract concentration
increass, the corrosion ratdecreases with the increase in inhibitor efficiency. It could be
explained with regard to the active molecules of the TPW exisngabsorbed on the active
corroding sites of the mild steel. In spite of dipping the metal irel&etrolyte for 24 hours,

4% TPW showedanefficiency of 91%, assuring theteacts effectivenessHowever there is
adecrease in the efficiency with regardieincrease irthe concentration of acid because of
metal disstution; with the increase in the concentration of the athé energy barrier for
corrosion decreasgand the formation of the activated complex becomes easy leading to higher
corrosion rateA plot (Figure 1) of inhibitor efficiency versus TPW extracbncentration
shows tle maximum efficiencyy volume of 5%

0.016

00144 ° = 05N
& 1IN

0.012

(=]
o

0.010

(=]
o
L

h)

0.008 -

Corrosion Rate
{mg/cm
o
o
3
-3

0.004

Inhibitor Efficiency {IE%)
N B
o o

Btk ENS
0.002 e T

0.000

o
I

T T T
Blank 1% 2% 3% 4% 5% o 2% 3% 4%
Concentration(ViV%) Concentration(VIV%)

Figure 1. Results of weight loss studie§ TPW extract
3.2 Bodeplots.

Figure 2 gives the Bode pldrawn by taking the log of thieequency versus phase
angle shift. The electrodglectrolyte interface acts as an imperfect capacitor, as the phase angle
deviates from 90 Thus maximum deviation can be expected for hlamhd as the
concentration of TPW increases, the bode plot brnosdéigire 2b has a phase angle shift of
37.29 for blankwhereas as the concentration of TPW incredbegphase angle shift increases
by 48.74 for 4% TPW extract, indicating the adsorption of TPW extract on the metal surface.
At the same timethe bode plot of blank and the lower concentration of TPW in electrolyte
https://biointerfaceresearch.com/ 50f 21
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portrays the reduced capacitive response and hbedecreased corrosion rate of mild steel
in HCI. FromFigure 2c, the Bode plot for the increase in temperature hagfhect, but the
deviation of the phase angle is more for higher tempestfi@33 K than 303K [46].
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Figure 2. Bode plot for TPW at 303K (a)in 0.5M HCI (b) in1 M HCI (c)at differéemperaturefor 4% TPW
extrac (d) Equivalent circuit used to fit EIS data of TPW extract in 1 M.HCI

3.3 Analysis of EIS

The impedance offered by the electrochemical systesreleaments likecapacitance
andresistanc@btained from the electrochemical impedance spdetadles circuit in Figure
2d isthe simplest electrical equivalent circuit to explain the electrochemical behavior of the
metal inanacidic solution. Here Rstands for solution resistance; Rieans charge transfer
resistanceand G is doublelayer capacitance. From the output of BIg analysis plot can
be drawn usinghereal part of the impedance along theaXs and the imaginary part is taken
along the Yaxis. The difference between the real axis impedance at the imtlafizal
frequencies gives theharge transfer resistance. The inhibitor efficiency can be calculated
usingequation (3)

Inhibitor efficiency’O® — p T (3)

where 2 and 2 is the charge transfer resistance of the inhibited and blank
respectively.

Cul represents thdoublelayer capacitanceesulting froma barrier to the current flow
due to the ionic layer obtained from the metal solution interface, having ions from the metal,
electrolyte andTPW inhibitor. Gy can be calculated bgquation (4).

# o — 4)
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where) is the angulafrequency given asa? and f is the frequency (Hz) where the imaginary
part of the impedance has the maximum value ang Bhe charge transfer resistance.

The corrosion inhibition is obtained laynincreased concentration of inhibitevhich
causes théhickness of the double laytr reducethe current flow [47].

3.3.1. Effect of TPWtoncentration

The charge transfer resistance due to the presence of TPW extract for the temperatures
of 303K, 313K, 323K, and 333K is seen through a Nyquistdtligure 3. This figure shows
that the diameter of the Nyquist Plot, the semicircles in the presence of the TPW, extract
higher than that of the blank solution [48]. So with the increased concentration of the extract
which is adsorbed on the mild steel surfagestable protecting film is formed on the metal
surface [49]. The increase of impedance, at the increasing temperatures, increases the thickness
of the electrical double layer on the metal electrolyte interface which is due to the adsorption
of the greatenumber of constituent molecules of the extraausing difficulty to mass and
charge transfer processvhich is essential for corrosion. Chardeansfer resistance
(Ohm/Cnf) , doubl e | ay e r?, corgioa clrréna deasidy (nfAH And m
corrosion rate (mm/year) obtained from the EIS measurements are given in TRlen2he
results obtained from Table 2, it is clear that as the value:@idReases, &decreases for all
temperatures. Kvalue fortheblank is 8.744and for 4% is 44.4%nd this increase is due to
the adsorption of the inhibitor molecules on the metal surfageallie forthe blank is 4448
and for 4% is 1144Awhich shows that thdoublelayer capacitance value decreases due to the
increase in the thickness of tdeuble layer
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Figure 3. Nyquist plots for various concentrations of TPW extract in 1 M HCl at (a) 303 K (b)3&BE3 K
(d) 333K

3.3.2. Effect of acidoncentration

The Nyquist plotFigure 4a is for 0.5M HCI, andrigure 3ais for 1M HCI, similarly,
Figure 3b shows the Nyquist plot for 4% TPW extract i2®M, 0.5M, 1M and 2M HCI acid
concentrationThis Nyquist plot has a single capacitive lo@md the radius of the capacitive
loops decreases with an increase in the concentrations of acid for the increase in the
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concentration of TPW extract along with the blank. TheoR4% solution in 0.5M HClis
136.7 in 1M HCI. which is reduced 44.49. This the activated complex formed due to the
increasedacid concentrations responsible for digher corrosion rate. Semicircles of the
Nyquist plot are imprfect due to the frequency dispersion.
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Figure 4. Nyquist plot (a) at various concentratsmf TPW extract in 0.5 M HCI (b)4% TPW at different
concentrations of HCI (c) 4% TPW at various temperatures in 1 M HCI

3.3.3. Effect otemperature

The Nyquist plot ofFigure 4c shows the EIS studies for 4% TPW extrafdr
temperatures 303K, 313K, 323Knd 333K. The diameter of the Nyquist plot is maximum at
303K and minimum at 333K. TheRalue for 4% TPW extract at 303K is 44,48ducedo
3.842at 333K. Thus, it shows that as the temperature increases, the impedance iremeases
the rate of corrosion increases. It is mainly becaw#@ the temperature ris, theinhibitor
molecules' desorption rate increasThe values Table 2 indicate that the TPW extract is an

efficient inhibitor despitdigher temperatures.

Table 2 TPW extractasan efficient inhibitor

gf'TU’;"nvs Rsol Ret Ca I corr ) Cr IE%
Temp | (VIVO%) (ohms.cm?)| (ohms.cm?)| ( & F #) ¢ (mA/cm?) | (mm/yr)
303K Blank 0.080 8.74 4448.5 2.98 34.6
1 0.071 18.35 3414.3 2.32 26.9| 52.3
2 0.371 22.26 2002.9 2.07 25.3| 60.7
3 0.180 30.07 1816.9 1.85 22.6| 709
4 0.126 44.49 11445 1.30 18.2| 80.3
313K Blank 0.070 5.12 7546.1 5.10 116.5
1 -0.017 9.10 7126.3 2.58 29.9| 438
2 0.099 11.27 2114.6 2.31 26.8| 54.6
3 0.007 13.69 2989.2 1.91 22.1| 62.6
4 -0.102 16.76 3005.9 1.32 18.0| 69.5
323K Blank 0.096 3.17 3214.9 8.23 95.4
1 0.062 4.58 2478.8 5.69 62.0| 30.9
2 0.015 5.39 1394.9 4.84 52.7| 41.3
3 0.032 7.27 2537.2 3.59 39.1| 564
4 0.044 8.03 15744 3.25 37.6| 60.6
333K Blank 0.099 1.95 3106.3 13.40 155.3
1 0.101 2.30 3015.9 11.32 131.2| 15.5
2 0.169 2.75 2323.2 9.50 110.1| 29.1
3 0.114 3.35 1284.5 7.34 85.1| 419
4 0.052 3.84 896.0 6.79 73.9| 493
(0.5M) Blank
303K 2.122 24.12 7912.9 1.08 11.8
1 -0.171 53.40 3505.0 0.49 5.7 | 54.8
2 -0.442 69.42 1526.2 0.38 44| 65.3
3 -0.797 92.31 1316.0 0.28 3.3] 73.9
4 -0.417 136.70 1178.4 0.24 28| 82.4
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Volume

Rsol Ret Cai I corr Cr

Temp ?\];/I/’Z/\:;/ (ohms.cm?)| (ohms.cm?)| ( & F #) ¢ (mA/cm?) | (mm/yr) IE%
(0.25M) Blank
303K 1.132 12.67 1752.0 0.54 12.7

4 0.401 131.61 1503.0 6.38 741 904
(2M) Blank
303K 0.162 11.67 7654.0 5.68 47.2

4 0.310 41.72 1236.0 6.25 72| 72.0

3.4. Polarizationstudies

The result of the different concentrateosf TPW inhibitor on the cathodic and anodic
action of mild steel in 0.5M HCI at room temperatures and 1M HCI for 303K, 313K, 323K,
and 333Kwereanalyzed The resultinglrafel curvesare given in Figre5 and Figire 6a The
current response of aample for the applied potential given the polarisation in the
potentiometric polarization technique. It can be observed that by the addition of the TPW
extract, the potential shifts toward more positive values and less current. The corrosion
resigance of mild steel increases in the presence of the TPW inhibitor. The negatise of E
values is the anodic curyvand positive values ofckrgive cathodic current.
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Figure 5. Tafel plots for various concentrati®of TPW extract in 1 M HCI (a303 K; (b) 313 K; (c) 323 K; (d)
33XK.

The linear portions of the polarization curve (stern diagram) were extrapolated until
they intersected as straight lines, through whigh &nd Eor, the Tafel constantsvere
calculated.

Table 3shows the parameters studied in the polarization technique. There is no definite
pattern for the k& values Still, the low value of the differendeetweerEcorr in blank and the
inhibited solution confirms the mixed type of behavior of TPW extract, which tafiexth
ionization of the anode, whicis mild stee] and the cathodic hydrogen evolution. The less
negative values of the:g: for the solution containing TPW extrdtdve the maximum effect
on the anodic reaction by the inhibitor [5Q}gives te corrosion current densjtgecreasing
from 7.8525mA fottheblank to 1.5513mA for 4% TPW extract at room temperature
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The Tafel plot displayed in Figre 6b for 4% solution at different temperatures shows
that the dorr values haveisenfrom 1.5513mAto 14.454mA. This is due to thiesorption of
the constituent molecules as a protective layer on the metal surfaceashsing energy or
temperatures. Fige 6¢c shows theTafel plot of 4% TPW extract for variowoncentratios,
where it shows the efficiency of the TPW inhibitoratower concentration of the corrosive
medium. The efficiencycalculated using equation (5% relatively close to the calculated
efficiency from the EIS measurements [51].
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Figure 6. Tafel plot for (a) various concentrat®af TPW extracton 0.5 M HCI (b)for 4% TPW at various
termperatures in 1 M HCI (c) 4% TPW different concentratiosof HCI
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value changes, which shows that the inhibitor added controls the corrosion of mild steel, due

t o

HCI ,

to the dissolution of metals and evolution of hydrogen through the adsomitidhe

constituents of the inhibitor on the cathode and the anode which are the active sites. But the

change in values of bc is considered
cathodic.
Table 3. Parameters studied in the polarization technique.
Temp Volume of Ecorr Da - I corr Veorr IE% (%)
(K) TPW (VIV%) | (mV) | (mV) | be(mV) | (mA/cm?) | (mm/yr)
303 K Blank 489.93| 127.0| 140.3 7.853 92.82
1 483.96| 80.6 130.0 3.775 62.89 51.9
2 476.96| 85.0 123.0 3.182 55.63 59.5
3 482.13| 102.3 | 1347 2.537 45.54 67.7
4 493.94| 835 | 1145 1.551 30.16 80.2
313K Blank 480.64| 119.1| 160.6 13.408 158.48
1 492.49| 77.1 90.3 6.814 123.47 49.2
2 471.42| 62.3 91.2 5.620 64.04 58.1
3 470.38| 68.0 90.0 4.712 58.87 64.9
4 486.29| 63.1 76.1 3.615 42.73 73.0
323K Blank 472.76| 108.4 | 1645 11.318 133.78
1 458.43| 64.5 84.0 9.770 127.30 13.7
2 470.58| 57.3 75.9 8.310 98.23 26.6
3 472.19| 52.8 84.4 8.138 96.19 28.1
4 472.93| 57.3 87.2 6.950 82.15 38.6
333K Blank 458.9 | 90.6 | 106.5 17.324 204.77
1 468.4 | 824 | 100.3 16.208 191.58 6.4
2 466.51| 79.0 | 1126 16.130 190.65 6.9
3 464.93| 70.1 | 100.2 14.671 173.42 15.3
4 468.16| 68.6 | 101.9 14.454 170.84 16.6
(0.5M) 303K Blank 502.7 | 150.1| 201.8 3.693 43.65
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Temp Volume of Ecorr Ba - | corr Vcorr IE% (%)
(K) TPW (VIV%) | (mV) | (mV) | be(mV) | (mA/cm?) | (mm/yr)
1 503.68| 72.8 90.4 1.637 24.08 55.7
2 492.68| 90.1 117.8 1.317 20.53 64.3
3 498.28| 73.9 99.1 1.103 17.77 70.1
4 495.58| 68.2 95.5 0.810 15.55 78.1
(0.25M)303K Blank 504 149.0 | 223.9 16.525 138.83
4 519 106.2 | 1634 1.369 16.18 91.7
(2M) 303K Blank 412 97.7 187.1 11.856 137.54
4 423 66.9 127.6 3.229 38.17 72.8

Adsorption is a process of accumulatimgplecules on a surface by separating them
from different phasge The organic inhibitorgn a solution get adsorbed on the metal sutface
and the water molecules from the metal surface substdutbe solution phase. Adsorption
guantity on the metal surface or at the interface betwleesurface and the solution by the
organic inhibitor mainly depends on the natureéhafelectric charge and the electrochemical
potentialataninterface or the metal surface, the chemical structure of the molecules present in
the organic inhibitor, the emical composition of the solution. Adsorption isotherms like
Langmuir, Temkin, Frumkin, and Freundlich isotherms were obtained for the data of surface
coverage q ) and the QWOVA) dinet follewing equatioBs of the various
isotherms givetheln k bet ween the surface coverage (d)
53].
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Figure 7. Adsorption isotherm for TPW extract at different temperatures in 1 M HCI

Figure 7 gives the linear relationships for the isotherneaiatiors (6), (7), (8),and
(9).R? values for the various isotherms are displayed in Table 4. The maximum regression
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coefficient (R) is exhibited bythe Langmuir isothermwhich almost equals 1. This shows that

the Langmuir model could be chosen to analyze the adsorption process. The active sites are
provided with equal surface energy by the Langmuir isotheviich allows the single
substituted layer of adsorbed molecules the homogeneous surface without giving
importance to the interaction of the individual molecules [54, B%. alsorption equilibrium
constant (Kd9 is evaluated using the Langmuir plot. The relationship betwegarn free

energy adsorption is given equation (10).

aG%=-2.303RT log (55.5 Ki9 (10)
where R represents the universal gas constadt55.5 is the concentration of water molecules
in mol/L. the higher value of &sis a signof the forward direction of the adsorption process.

The val §avhicb fs -12kI&no] a negative valuenot only confirms the
spontaneity of the adsorption of molecules but also suggests the physisorption of the constituent
molecules through electrostatarce of attraction between the positively charged metal surface
and the electromich aromatic rings or by back donation of electrons by the metal surface to
the molecules.

Figure 7a depicts the Langmuir isotherra, straight line not passing from the origin
signifying the deviation from the ideal behavior of the TPW extract in the absorption process.
The negative value of the enthalpy of adsorptiofale 4confirms thatthe nature of the
adsorption process is exothermic. The decrease of values in the entropy of adsorption proves
that the adsorbed molecules are confined on the mild steel surface.

Table 4.The rature of the adsorption process is exothermic

Temp . _ Frumkin Temkin Freundlich
(K) Langmuir Cinh Vs Cinn/  d d/d Vs 1{logC VlogC V
5 loel¢] pHads >
Slope | Kass | R (ka/mol) | (kd/mol) 8,?; m"’(‘)dl)s R? R R
303 1.15 2.8361 | 0.9905 | -12.74 -9.60 23.58 0.8887 0.9711 0.9316
313 1.06 2.3615 | 0.9938 | -12.69 -8.78 19.63 0.8831 0.9869 0.9990
323 1.05 2.2388 | 0.9823 | -12.95 -8.75 18.61 0.9188 0.9432 0.9675
1.08 1.9687 | 0.9772 | -12.99 -9.00 0.9706 0.9824
333 16.37 0.9920

3.6 Thermodynamigtudies on théinetics ofcorrosion inhibition

The thernodynamic parameters of the corrosion inhibition are listed in table 5. It is the
result of the study made by usitite Arrhenius equation by plotting In(CR) V$000/T and
also the transition equatigrigure8a). The logarithm of corrosion rate anacidic solution is
a linear function of 1/Twhich is given inthe Arrhenius type elation given in equation
(12)56].

1By - 6 (11)
where E is the activation energy dhe metal dissolution reactiorR is the universal Gas
constantand A is the Arrhenius prexponential factor.

The activation energy @t hasa higher value for the inhibited solution than the
uninhibited solutionwhich confirms the adsorption of the constituent molecules on the mild
steel surface. This adsorption causes a higher energy barrier for the corrosive acid molecules
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which would otherwise lead to corrosion in inhibited solutions. Fii@hle 5, the Evalue
greater than 20kJ/mol affirms physisorptiomhich is the surface process for corrosion
inhibition.

The Transition state plagtsvhich depict the plot of In(CR/Tys. 1/T, represent the
equation (12)

<

oY (12)
where N isAvogadros number, h ilancksc o n s t a n t activap@ entrspyatnhde pH i s
the activation enthalpy

The ent hal py Jafhdthe entrapwoéactivadian is pkaaided from the plot
of IN(CR/T)vs. 1/T given in Figire 8b.
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Figure 8. Arrheniusandtransition state plot for TPW

Metal dissolution has endothermic natweéhich can be confirmety the positive
val ues of ent halypMild stdel diasolationvcant haverunimplestlar
mechanism as the difference betweegrabn d aisgidarly equal to 2.52kJ/mol, which
holds good with the thermodynamic relation given in equation (135337,

0 YO Y'Y @ (13)

Theeat ropy of activati on phimathe imhibitecesolyians i t i v ¢
assuring the formation of an activated complex during thedetiermining step since the
disorder is more when the reactant is converted to itgaet complex.

Table 5.Kinetic parameters of corrosion inhibition by TPW extract.

,?ig]()egll_:_]svzloctR) Transition state plot (INCR/T Vs1/T)
Ea (kJ/mol) p Jﬁ‘mol) S (kd/mol) (EIS%'E‘I)

Blank 18.54 16.02 197.36 2.53

1% 34.50 31.97 207.20 2.53

2% 35.04 32.52 236.19 2.52

3% 31.31 28.78 278.23 2.53

4% 50.49 47.96 297.04 2.53
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3.7. Surface morphology of test analysis
3.7.1 SEM analysis

Figure 9 gives the Scanning Electron Microscope (SEM) images of mild steel dipped
in theblankwith 4% TPW extract in 1M HCI for 24hSEM analysis was done using Scanning
Electron Microscope TESCAN VEGAS to study the interaction of the metal surface with the
constituent molecules. Aftemmersion the mild steel specimen was washed clean with
distilled water and dried with atmne. h the absence of the extract Figure 9a, it was observed
that the metal samplead a rough surface covered withrown precipitate of iron oxide. But
the sample in the presence of the extractawdoother surface with considerably less damage.
Figure9b confirms the adsorption of the TPW extract on the surface of the metal by forming a
protective layer on it, which is responsible foeventingthe dissolution of mild steel imn
acidic medium.

Figure 9. SEM image of mild steel sample in (a) immersed in 1 M HCI for 24 hours (b) immersed in 1 M HCI
in the presence of 4% TPW extract for 24 hours

3.7.2 Energy dispersive Xay spectroscopy

Figuresl0aand 1® showthe EDX images of the uninhibites@ inhibited mild steel
samplesrespectively.

fe Fe

C

Na N P sS
b
0 e ek bl

0.0 17 34 51 68 85 10.2 119 136 153

Lsec: 24.9 18 Cnts 0.280 keV Det: Octane Pro Det

(b)

194
J \
97
c Si 3
Na S
ol - — PR ——

00 17 34 5.1 6.8 85 10.2 119 136 153

Lsec: 30.0 33 Cnts 0.280 keV Det: Octane Pro Det

Figure 10. EDX spectra of mild steel sample in (a)immersed in 1 M HCI for 24 hours(b) immersed in 1 M HCI
in the presence of 4% TPW extract for 24 hours
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The presence a@ninhibitor reduces thexygen peak considerably. The increase in the
intensity of the iron peak, with the suppression of the oxygen, peakie to the inhibitor
protective film on the mild steel specimen. This affirms the adsorption of extract molecules on
the surface of the rdi steel forming a protective layer between the metal and the acid solution,
which preventsnetal dissolutiorin anaggressive medium [581]. Thus the addition of TPW
extract has reduced the O/Fe, confirming the inhibitory action of ERWAact against the
corrosion of mild steel in 1M HCI. Table 6 shows the higher percentage of Carbon content in
the presence of the TPW than in the blank. At the same tivaee isa decrease in the atomic
percentage of iron iablank solutionwhereasin the presence of the TPW extratincreases.

So the adsorption of molecules from the extract decreases the corrosion rate.

Table 6.EDX analysis data listing thgercentage weight content of the elements

Blank TPW

Element Weight % Atomic % Weight % Atomic %
C 4.43 11.64 8.20 21.94

®) 25.05 47.23 9.51 21.44
Na 2.47 3.39 1.17 1.83

Si 0.18 0.20 0.62 0.8

S 0.27 0.26 0.12 0.11

Fe 67.24 36.32 80.7 52.14

3.8 Extract characterization
3.8.1 FT-IR spectroscopy

Figure 11 gives the IR spectrum dhe TPW extract, which was done to find the
functional groups present in the extract am#énow their role as corrosion inhibidfior mild
steel surface

The peak of 3730.48 is due toe amide NH stretch. The peak located at 3626.38
corresponds to the -8 stretching of alcohol. The peak of 1999.16 is assigned to C=C=C
stretching as in allene and alseHbending of aromatic compound. The peak that appeared at
1517.29 is attributed tihe N-O stretching of a nitro compouyahd the peak of 1219.25 is due
to the C-O stretching of alkyl aryl etheThe peak of 1130.84 is the @ stretching of ester or
tertiary alcohol. The further peak of 1073.80 correspondsh®C-O stretching of primary
alcohol. And the peak of 772.91 is located du¢htoC=C bending of trsubstituted alkenes.
The peak of 681.64 is assignedreC-Br stretching othehalo compound. The peak of 653.12
corresponds$o the carbon having single bond with a halo coropnd. The peak of 419.25 is
located either due to-8r or G| starching mode. The existencetbé functional group in the
TPW extract mdicatedts anticorrosive property to the metal surface.

3.8.2 UV- visible studies

The organic extract forms complexes with the ions dissolved in the corrosive acid
medium which can be analyzed using the Wisible spectruni62]. UV-visible spectra of
TPW given in Fig.12 gives the two broad absorption peaks betwee@62BGn and 270
360nm. The band observed between-260nm is due té © A’transition. The band between
260-360nm corresponds to the® A’transition of C=C, C=OC [ Ghows the presence of
aliphatic dicarboxylic acids such as tannic at¢attaric acid,and polyphenolic compoursl
such as tannin, proanthocyanidifise UV visible spectrum of Fe ions in the presence of HCI
and with TPW extract shows a decrease in pieak intensityat 387nm, aghe organic
molecules form a protective barrien the surface of the mild steel through electron donation
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and acceptance. The mild steel specimen in HGtaining the TPW extract shows a peak
between 200nm to 240nm havih@ A*anda © A” transition. The comparison between only
TPW extract and TPW extract with metal ions shows the adsorbed organic molecules on mild
stee] resulting in decreasqukaks.
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3730.48 Amide N-H stretch
3626.38 O-H stretching of alcohol
1999.16 C=C=C stretching as in allene and als¢i®ending of aromatic compound
1517.29 The peak that appeared at 1517.29 is attributed to N O stretching of a nitro compound
1219.25 C-O starching of alkyl aryl ether
1130.84 C-O stretching of ester or tertiary Alcohol
1073.80 C-O stretching of primary alcohol
772.91 C=C bending of trsubstituted alkenes
681.64 C-Br stretching of halo compound
653.12 carbon havingsingle bond with a halo compound
419.25 C-Br or Gl starching mode

Figure 11. FTIR spectra of TPV¢xtract(a) and corresponding values (b)
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Figure 12. UV-Visible absorption spectra
3.9. Mechanism o€orrosion inhibition

The anticorrosive property of TPW extract am inhibitor is studied here. The
inhibition process on the mild steel, by the effective molecules present in the TPW extract, is
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