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Abstract

The efficiency ofCommelina benghalensigaves extract as a mild steel corrosion
inhibitor in hydrochloric acid (HCI) and sulphuicid (HSQs) has been evaluated. The
corrosion rates were determined using the gravim@treight loss) and electrochemical
techniques. The results obtained in the absence edence ofCommelina
benghalensisextracts were used to calculate the inhibitioncifficy (%), and to
propose the inhibition mechanism and adsorptior.t{fine obtained results showed that
the inhibition efficiency increased with the incseain concentration o€ommelina
benghalensiextract. The phenomenon of chemical adsorption pvaposed, and the
inhibitor adsorption was found to obey Langmuirmkin and kinetic thermodynamic
models. The polarization study reveals that, in itit@bitor presence, the corrosion
current value decreases, indicating the formatibra @rotective film on the metal
surface, which prevents the electron release ftom i

Keywords: Commelina benghalensis leaves extracirrosion inhibition, weight loss,
polarization, impedance study, adsorption isothaneh green inhibitors.

Introduction

Corrosion is a ubiquitous problem that continuedéoof great relevance in a
wide range of industrial applications and produci$ie use of corrosion
inhibitors is the most economical and practical hodt in reducing corrosive
attack on metals. Nevertheless, the popularityusedof synthetic compounds as
corrosion inhibitors are diminishing, due to thecstenvironmental regulations,
and to the toxic effects of synthetic compoundshaoman and animal life. In
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order to find out non-toxic, cheap and effectiveegr corrosion inhibitors from
renewable sources, many natural products haveussghby researchers.
Chraibi et al. have usetl. piperita and M. pulegiumessential oils for the
corrosion control of mild steel in a 1.0 M hydromfit acid solution [1]. These
substances also have antibacterial activity. Evainaf Alpinia galangaand its
active principle, 1'-acetochavicol acetate, as @nfgendly corrosion inhibitor
on mild steel in acidic media, has been done byighge et al. [2]. The
anticorrosive activity ofSchreabera swietenioidsaves as a green inhibitor for
mild steel in an acidic solution has been repobg&ivakumar and Srikanth [3].
The corrosion inhibition of carbon steel in a 1 MS&x solution byThapsia
villosa extracts was investigated by Kalla et al. [4]. Tuse ofPiper longum
extract as a green corrosion inhibitor for alummiun a NaOH solution has been
studied by Singh et al. [5].

Junior et al. have evaluated the antioxidant agtiand corrosion inhibition by
Brazilian plant extracts and their constituents [B)e inhibition effect of some
trees cultivated in arid regions, against the o of steel reinforcement in an
alkalinechloride solution, has been evaluated by Etteyetb. ¢T].

Mott-Schottky analysis showed the formation of agpee layer on the metallic
surface. EIS results suggest an increase in cesteml corrosion resistance, in
the plants extract presence, comparatively to thekbsystems. Furthermore,
SEM and EDS analyses corroborate these results.

An eco-friendly inhibitor for mild steel corrosiomade from Pennisetum
purpureumbiomass and synergistic intensifiers has been dtated by Ituen et
al. [8]. Kinetic data treatment indicated an insean the energy barrier by
intensifier ions. The results demonstrate thatleap grass extract, blended with
halide ions, can act aan alternative eco-friendly inhibitor for mild steedt
elevated temperatures.

Dos Santos et al. have investigated carbon steaebsion inhibition in acidic
chloride by Mangiferin. The results showed thatboar steel exposed to this
medium containing Mangiferin had a reduction in thass loss process and a
higher electrochemical behavior, relatively to tegbon steel samples exposed
to the same medium, in Mangiferin absence. Thesailtse suggest that
Mangiferin shows an inhibitory action on the carlsteel corrosion process, in
the studied conditions [9].

Umoren et al. have evaluated mustard seed extM8E) as an eco-friendly
corrosion inhibitor for X60 steel in acidic mediE0]. The obtained results show
that MSE inhibited steel corrosion in both mediajclk was more pronounced in
H>SQOy than in HCI environments. The inhibition efficignincreased with higher
extract concentrations, but decreased with incokasemperatures. The
potentiodynamic polarization studies revealed M&E functions as a mixed-
type inhibitor. The corrosion inhibition is assuntedoccur via adsorption of the
extract components onto the steel surface, whick feand to obey Langmuir
adsorption isotherm model. The morphology of thearting steel surface, in the
absence and presence of the mustard seed extescyisualized using scanning
electron microscopy. Rajendran et al. have useda&tst of various plant

52



K.R. Ahamed et al. / Port. Electrochim. Acta 371@051-70

materials, such as henna leaves, curcumin, caffeme spirulina, to control
metals corrosion [11-36].

The present work was undertaken to evaluate thibitidm efficiency of an
agueous extract dommelina benghalensisaves against mild steel corrosion
in hydrochloric acid and sulphuric acid media. Wetipss and electrochemical
methods, such as polarization study and AC impeglapectra, have been used.

Materials and methods

The extract oCommelina benghalendisaves was used as corrosion inhibitor in
the present study. The leaves and flower€ammelina benghalensise shown

in Fig. 1.

Figure 1. Commelina benghalengant.

The botanical details @@ommelina benghalensise given belowit belongs to
the Commelinaceag&amily. The Tamil name is “Kanavazhiain”. In Chjngis
used as a medicinal herb that is said to have titufebrifugal and anti-
inflammatory effects, while in Pakistan it is ugedcture skin swellings, leprosy,
and as a laxative.

The phyto-chemical screening @dmmelina benghalendsaves extract is given
in Table 1 [37].

Table 1. Phyto-chemical screening Gommelina benghalendisaves extract.

Phyto-chemical Aqueous | Methanol | Hexane CCla
constituents
Flavonoids + - - -
Alkaloids - - ++++ ++++
Glycosides - - - N
Steroids - - - _
Total Phenols and Tannins + + - -
Triterphenoids - - - -
Saponins ++ - - N
Proteins and amino acids +++ +++ - -
Anthraquinones - - - N

- = absent; + = present; ++ = moderately present; +appreciable amount

Preliminary phyto-chemical screening mainly revdalee presence of saponins,
phenols, flavonoids, alkaloids, tannins, proteind amino acids.
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Extract preparation

Cold percolation method

The leaves were collected, shade dried and powdAbexuit 1 g of the powdered
leaves was macerated with 1000 mL of double destiwater, tightly covered
with aluminium foil, and kept for 24 hrs. After 24s, the macerated extract was
filtered by a Whatmann filter paper. From the estiréhe various concentrations
were prepared.

Used materials and chemicals

Mild steel specimens (Wt %: 0.026%-S, 0.06%-P, OM# 0.1%-C, and the
remainder iron) with the dimensions 1 x 5 x 0.2 ware abraded to mirror
finish, degreased with acetone, and used for thehwvss method.

For the polarization study, a cylindrical mild dtesd embedded in Teflon, with
an exposed area of 1 émvas used. The electrodes were abraded with emery
papers of 0/0, 2/0, 3/0, and 4/0 grades, degreaskdcetone, dried and used.

Weight loss method

Weight loss measurements were performed in 1 M &@ 0.5 M HSQ4, with
and without the inhibitor presence. Inhibition eifincies for various inhibitor
concentrations were calculated using the relation:

Inhibition efficiency (%) = W-Wi/Wpx100
where W= weight loss in blank and \W weight loss in the inhibitor presence.

Electrochemical studies

The polarization study and AC impedance spectraewsrcorded in a
potentiostat. The experiments were recorded irreetklectrodes cell assembly,
which is shown in Scheme 1.

— [—Co
oY

000P0O0O0O0O0OOOOOODOOO0J00DC

) 000d00000000D00000D0OOD
0 WE PO00Y RE O] CE |0«
) 0 000000000000000

000000000000000000000

WE : working electrode
RE : reference electrode
CE :counter electrode

I Three electrode cell assembly I

Scheme 1. Three electrodes cell.

Mild steel was used as working electrode. A satatatalomel electrode (SCE)
was used as reference electrode. A platinum foitrt®) was used as counter
electrode The used working electrode was a mild steel rodtled same
composition, embedded in araldite, and with an sgdarea of 1 c¢tn
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From the potentiodynamic polarization study, ther@sion current, corrosion
potential and the Tafel slopes were derived. Fro@ ikapedance spectra, the
charge transfer resistance and double layer capaeitwere calculated.

The counter electrode area is much larger comparetie working electrode
area. This will exert a uniform potential field tre working electrode.

100 mL of the test solution were taken in a poltian cell. The working
electrode was successively abraded with 0/0, 100,320, and 4/0 emery papers,
and degreased with acetone. The working electroeference and auxiliary
platinum electrodes were assembled, and connectiene made. Stirring was
provided to the test solutions, to avoid the syst@mcentrations polarization
before the experiment start. A time interval obab30 min was given for the
system to attain its state, and open circuit paéemwas recorded.

Results and discussion

Weight loss studies

The inhibition efficiency of Commelina benghalensideaves extract in
controlling mild steel corrosion in 0.5 M2BOQy has been evaluated by the weight
loss method.

Tables 2 and 3 give the inhibition efficiency offfdrent concentrations of
Commelina benghalensigeaves extract in 1 N HCl and 0.5 M>$0y,
respectively. It was observed that, as the intwbibncentration increased, the
inhibition efficiency also increased. 900 ppm ohibitor offered 93.40 %
inhibition efficiency in 1 N HCI, and 85.71% in O\ HoSQu.

Table 2. Inhibition effect of mild steel corrosion in 1 N HQusing Commelina
benghalensiteaves extract.

[Inhibitor] Rate of corrosion I nhibition
(ppm) (gcm?h?Y efficiency (%)
Blank 0.00018: -

10C 0.00015: 17.25
20C 0.00013: 24.5¢
30C 0.00013! 29.0¢
40C 0.00010: 44.5¢
50C 0.00008: 55.4¢
60C 0.00006! 67.2i
70C 0.00004: 77.2i
80C 0.00002i 84.5¢
90C 0.00001! 93.4(

Adsorption isotherms

Adsorption isotherms are usually used to describe @dsorption process.
Adsorption isotherms are very important to detesnirthe organo-

electrochemical reaction mechanism. The most #&etiy used isotherms
include: Langmuir, Temkin, Flory-Huggins, and thecently formulated

thermodynamic/kinetic model of El-Awady et al. These of adsorption

isotherms that describe the adsorption of a carosnhibitor can provide

important clues about the nature of the metal-ibdvibnteraction. Adsorption of

the organic molecules occurs when the interactiemrgy between the molecules
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and the metal surface is higher than that betwhenHtO molecules and the
metal surface. It is important to know the adsorpimode, to understand this
part of the study.

Table 3. Inhibition effect of mild steel corrosion in 0.5 M2SQs, using Commelina
benghalensi¢eaves extract.

[Inhibitor] Rate of corrosion Inhibition
(ppm) (gcm?h7) efficiency (%)
Blank 0.00009: -

10C 0.00008! 8.9z
20C 0.00007! 19.6¢
30c 0.00006! 30.3¢
40C 0.00006: 33.9¢
50C 0.00004. 55.3¢
600 0.00003! 62.5(
70C 0.00002 69.6¢
80C 0.00001! 80.3¢
90C 0.00001. 85.71

Langmuir isotherm
In order to obtain the adsorption isotherm, therdegf surface coverag®) for
various inhibitor concentrations has been calcdlaecording to its equation.
Langmuir isotherm was tested for its fit to the exmental data. Langmuir
isotherm is given by:

C/O = 1/Kagst C

where© is the degree of surface coverage, C is the mohabitor in the bulk
solution and Kgsis the equilibrium constant of the adsorption psx

Table 4. Langmuir adsorption isotherm for mild steel coraosinhibition in 1 N HCI,
usingCommelina benghalendmsaves extract.

[Inhibitor] i " ) "
(ppm) 0/(1-6) 3+logo/(1-0) 3+log C
Blank - - -

10C 0.208t¢ 2.319; 5.000(
20C 0.325: 2.512: 5.301(
30C 0.410:¢ 2.613: 5.477:
40C 0.803: 2.904¢ 5.602:
50C 1.244¢ 3.095! 5.699(
60C 2.055¢ 3.312¢ 5.778:
70C 3.400( 3.531¢ 5.845!
80C 5.470¢ 3.738( 5.903:
90C 14.1:00 4.150; 5.954:

Langmuir isotherm assumes that the metal surfactacs a fixed number of
adsorption sites, and that each site holds onerlaalsgAGP.usis the same for all
sites, and it is independent fra the adsorbates do not interact with each other,
i.e., there is no effect of the adsorbates latémtdraction onAG%gs It is
important to know this part of the study. Tableartl 5 show that the obtained
values were fitted to Langmuir isotherm, and thst Ii¢ to the experimental data
was obtained.
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Table 5. Langmuir adsorption isotherm for mild steel corowsiinhibition in 0.5 M
H>SOQy, usingCommelina benghalendisaves extract.

[Inhibitor] i N i "
(ppm) 0/(1-6) 3+logo/(1-0) 3+log C
Blank - - -

10C 0.098( 1.991¢ 5.000(
20C 0.244 2.388: 5.301C
30C 0.435¢ 2.639: 5.477:
40C 0.513¢ 2.710¢ 5.602!
50C 1.240( 3.093¢ 5.699(
60C 1.666" 3.221¢ 5.778:.
70C 2.294: 3.360¢ 5.845!
80C 4.090¢ 3.611¢ 5.903:
90C 6.000( 3.778: 5.954:

The plot of log lo®/(1-O) vs. log C is a straight line as shown in Figand 3.
Thus, the Langmuir isotherm is valid for the inkuipi

Langmuir Isctherm

5.00

4.00 g

D
e
& 2.00 T
+
M
1.00
0.00

4.50 5.0 5.50) 6.00 6.50

3+logC
Figure 2. Langmuir adsorption isotherm for mild steel coromsinhibition in 1 N HCI,
usingCommelina benghalendisaves extract.

Langmuir adsorption isotherm

4.00
o 3.00 ; :
P s =L 340
5 R2=0.951
D 2.00 .-
o
% 1.00
0.00 . .
4.50 5.00 5.50 6.00 6.50

3+logC

Figure 3. Langmuir adsorption isotherm for mild steel coromsinhibition in 0.5 M
H>SQy, usingCommelina benghalendisaves extract.
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Temkin adsorption isotherm
The Temkin adsorption isotherm is given by the egpion:

0 =-2.303 log K/2a — 2.303 log C/2a

where ‘K’ is the adsorption equilibrium constamgdda’ is the lateral interaction
parameter. Tables 6 and 7 show the Temkin isotheoes, and Figs. 4 and 5
showthe plots of (2+log C) again$t at various temperatures. The linear plot
indicates that Temkin adsorption isotherm was obewad ‘a’ negative value
indicated repulsion in the adsorption layer.

Table 6. Temkin adsorption isotherm for mild steel corrosiohibition in 1 N HCI,
usingCommelina benghalendsaves extract.

[Inhibitor] 2+l0g C o
(ppm)
10cC 4.000( 0.172:
20C 4.301( 0.245¢
30C 4.477: 0.290¢
40C 4.602: 0.445¢
50C 4.699( 0.554¢
60C 4.778: 0.672:
70C 4.845! 0.772.
80C 4.903: 0.845¢
90C 4.954: 0.934(

Table 7. Temkin adsorption isotherm for mild steel corrosimhibition in 0.5 M
H>SQy, usingCommelina benghalendisaves extract.

[Inhibitor] 2+l0g C o
(ppm)

10C 4.000( 0.089:

20C 4.301( 0.196¢

30C 4.477: 0.303¢

40C 4.602. 0.339:

50C 4.699( 0.553¢

60C 4.778: 0.625(

70C 4.845. 0.696¢

80C 4.903: 0.803¢

90C 4.954; 0.857:

Tembkin Isotherm
1.00
¢
0.80 y=0.833x-3.3
0.60 i R?=0.889
o ;
0.40
b
0.20 7
0.00 T
0.00 2.00 4.00 6.00

2+log C
Figure 4. Temkin adsorption isotherm for mild steel corrosionibition in 1 N HCI,
usingCommelina benghalendisaves extract.
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Flory-Huggins adsor ption isotherm
Flory-Huggins adsorption isothernsgiven by the expression,

log 6/c =log K + x log (16)
where ‘X’ is the size parameter, and it is a meagirthe number of adsorbed
water molecules substituted by an inhibitor molecdlables 8 and 9 and the
linear plot of 3+logb/C against 3+log (B) (Figs. 6 and 7) show that Flory-
Huggins isotherm was obeyed.

Temkin isctherm

100 \.,: 08’4’])‘— % 383
0.90 R2=0CS15
0.80
0.70 ¢
0.60 ;
0.50 ‘
0.40 /
0.20 [4’
0.20 »
0.10 &/
0.00 . y

106160 1.00 2.00 3.00 4.00 5.00 6.00

P

2+log C

Figure 5. Temkin adsorption isotherm for mild steel corrosiohibition in 0.5 M
H>SQy, usingCommelina benghalendisaves extract.

Table 8. Flory-Huggins adsorption isotherm for mild steetrogion inhibition in 1 N

HCI, usingCommelina benghalendsaves extract.

o [CI, (ppm) o/C 3+logo/C 1-6 3+log(1-0)
0.172: 10C 0.001" 0.237: 0.827¢ 2.917¢
0.245¢ 20C 0.001: 0.088¢ 0.754¢ 2.877
0.290¢ 30C 0.001( 0.073¢ 0.709: 2.850:
0.445 40C 0.001: 0.046" 0.554¢ 2.743¢
0.554¢ 50C 0.001: 0.045( 0.445¢ 2.648¢
0.672: 60C 0.0011 0.049" 0.327¢ 2.514¢
0.772: 70C 0.001: 0.042¢ 0.227¢ 2.356¢
0.845¢ 80C 0.001: 0.024( 0.154¢ 2.189:
0.934( 90cC 0.001( 0.100( 2.000(

Table 9. Flory-Huggins adsorption isotherm for mitieel corrosion inhibition in
0.5 M SOy, usingCommelina benghalendisaves extract.

S.no 0 c [ o/c [ 3tlogeiC | 1-6 | 3+log(1-0)
1 0.0893 | 100| 0.0009] 0.9493 0.9107 2.9594
2 0.1964 | 200| 0.0010] 0.9912 0.8036 2.9050
3 0.3036 | 300| 0.0010| 1.0000 0.6964 2.8429
4 0.3393 | 400| 0.0008] 0.9242 0.6607 2.8200
5 0.5536 | 500| 0.0011] 1.0413 0.4464 2.6498
6 0.6250 | 600| 0.0010| 1.0000 0.3750 2.5740
7 0.6964 | 700| 0.0010] 0.9956 0.3036 2.4823
8 0.8036 | 800| 0.0010| 1.0000 0.1964 2.2932
9 0.8571 | 900| 0.0010] 0.9777 0.1429 2.1549
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3+log (1-0)

Figure 6. Flory-Huggins adsorption

3.50

Flory-Huggins isotherm

0.1

35
C *
25 /‘g /j
2
¢ y=12.44x+ 1.900
15 RZ=0.818
1
0.5
c
0 0.02 0.04 0.05 0.08
3+log6/C

isotherm for milskeel corrosion inhibition
in 1 N HCI, usingCommelina benghalendisaves extract.

Flory-Huggins isotherm

3.00

A S

4

2.50
2.00
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3+log (1-6)

1.00

RZ=0.080

0.50
0.00

0.90

0.95

3+log B/C

1.00

1.05

Figure 7. Flory-Huggins adsorption isotherm for mild edtecorrosion inhibition in

0.5 M SOy, usingCommelina benghalendisaves extract.

Table 10. EI-Awady adsorption isotherm for mild steel cormsinhibition in 1 N HCI,
usingCommelina benghalendisaves extract.

[C] | 2409 | © 1-0 0/1-6 | 2+log (0/1-6)
ppMm

100 | 40000 | 0172, | 0827 | 0.208 1319;
200 | 4301( | 0245t | 0.754f | 0.325 1512
30C | 4477- | 0290 | 0.709. | 0410 1.613:
40C | 4.602. | 0.445; | 0554 | 0.80% 1.004¢
50 | 4.699( | 0.554f | 0.445i | 1.244¢ 2.095:
60C | 4778, | 0672 | 0327 | 2.055¢ 2.312¢
70C | 4845 | 0772 | 0227 | 3.400( 2.531¢
80C | 4.003. | 0845t | 0.154 | 5470¢ 2.738(
90C | 4.954. | 0.934( | 0.066( | 14.151! 3.150¢

El-Awady isotherm

El-Awady isothermis given by the expression:
log (6/1-6) = log Kags+ y log C

6C
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where Kugs is the equilibrium constant of the adsorption psx; calculated by
the relationship, kis =1/k. Tables 10 and 11, and a linear plot of 2+/d-0)
against 2+log C (Figs. 8 and 9), show that EI-Awedyherm was obeyed.

Table 11. EI-Awady adsorption isotherm for mild steel coramsinhibition in 0.5 M
H>SQy, usingCommelina benghalendisaves extract.

[C] | 240gc | © 1-0 | 6/1-0 | 2+log (6/1-0)
ppm
10C 4.000( 0.089¢ | 0.9107 | 0.098( 0.991¢
20C 4.301( 0.196¢ | 0.803¢ | 0.244 1.388:
30C 4.477: 0.303¢ | 0.696¢ | 0.435¢ 1.639¢
40C 4.602: 0.339¢ | 0.660° | 0.513¢ 1.710¢
50C 4.699( 0.553¢ | 0.446¢ | 1.240( 2.093¢
60C 4.778: 0.625( | 0.375( | 1.666. 2.221¢
70C 4.845! 0.696¢« | 0.303¢ | 2.294: 2.360¢
80C 4.903! 0.803¢ | 0.196¢ | 4.090¢ 2.€11¢
900 4.9542 0.8571 | 0.1429 6.0000 2.7782
El-Awady isotherm
3.50
*
3.00 ¢ Y-1802x-6192
o 230 i R’ - 0.856
S 200 Y-
13” 1.50 7;!
~

1.00

0.30

(.00 1

0.00 2.00 4.00 6.00
2+log C

Figure 8. EI-Awady adsorption isotherm for mild steel cormsinhibition in 1 N HCI,
usingCommelina benghalendisaves extract.

Free energy change
The inhibitor’s free energy change of adsorptiaG%qy onto mild steel surfaces
was related to the adsorption constant, accordiriiget equation:

AG%4s=-2.303 RT log (Kds x55.5)

From the results, showed in Tables 12 andA3’.q4s values were found to be
negative, and were below the threshold value okJ#4fol, indicating that the
adsorption ofCommelina benghalensmto a mild steel surface is spontaneous,
and that the physical adsorption mechanism is eguiplie.
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El-Awady isotharm

y=1.836x-6.503

2.50 4
R?-0.951

2.00

1.50

2+log B/1-0

1.00

0.50

0.00

0.00 2.00 5.00

2+log C

4.00

Figure 9. EI-Awady adsorption isotherm for mild steel cormsinhibition in 0.5 M
H>SQy, usingCommelina benghalendisaves extract.

Table 12. Adsorption isotherms parameter for mild steel cgioo inhibition in 1 N
HCI, usingCommelina benghalendisaves extract.

System Isotherm AG%ds Slope R? a Uy
. Langmuir -1481.3! | 1.78( 0.86¢ - 0.561
bi‘r)]mr:gfe":gs Temkin -3087.5( | 0.83: | 0.88¢ | - | 1.20(
Ieavgs extract Flory-Huggins -5362.5( | -2.88: 0.87: - -0.10¢
El-Awady -1645.5( 1.611] 0.82¢ - 0.62(

Table 13. Adsorption

isotherms parameter for misdieel corrosion inhibition in
0.5 M SOy, usingCommelina benghalendsaves extract.

System Isotherm AGPs Slope R? a Uy
_ Langmuir -5747.61) -7.340 0.951 - -0.13
Commelina Temkin -3011.75| -3.383| 0.915 -0.399  -0.29
benghalensis |- ooins | 2051.29]  4.967 | 0.08( 0.20]
leaves extract y-nugg - : : : . T
El-Awady -1566.80| -6.503| 0.951 - -0.15

Potentiodynamic polarization studies

The polarization study has been used to investidgdormation of a protective
film during the corrosion inhibition study. Whenevehere is corrosion
inhibition, the corrosion current value decreas$8s42].

Tables 14 and 15 and Figs. 10 to 15 give the poyriamic parameter values,
such as corrosion current4l), corrosion potential (&) and the cathodic Tafel
slopes (bc and ba) for the different concentratisimswn in the green inhibitor
under study. It can be seen that the active priesipresent in the extract have
been adsorbed onto the metal surface. When thbitohiconcentration is 100
ppm, the system functions as a mixed type inhipiteecause the shift in
corrosion potential is within 80 mV. However, aghér concentrations (900
ppm), the system functions as a cathodic type itgribbecause the shift in the
corrosion potential is towards the cathodic sider@megative).
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Table 14. Corrosion parameters obtained from polarizatiovesiifor mild steel in 1 N
HCI, in the inhibitor presence and absence.

System [Inhibitor] I corr -Ecorr ba. bc. Inhibition
ppm mA/cm? | mV vs. SCE | mV dec? | mV dec? | efficiency (%)
Blank - 397.55¢ 484.37: 195. 184.¢ -
Commelina 100 326.066 526.778 157.1 151.5 17.98
benghalensis
leaves extract| 900 21.095 597.158 104.8 122.5 94.69

Table 15. Corrosion parameters obtained from polariratourves for mild steel in
0.5 M H:SQy, in the inhibitor presence and absence.

System [Inhibitor] I corr -Ecorr ba bc I nhibition
ppm mA/cm? | mV vs. SCE | mV dec? | mV dec? | efficiency (%)
Blank - 249.31( 490.23¢ 185.¢ 198.2 -
Commelina 10C 218.97¢ 515.72° 167.( 186.- 8.1F
benghalens 90C 33.3¢ 575.93( 134.] 173.2 86.6(
(o5
-0.14
-0.24
r?: -0.34
; -0.44
-0.54
-0.64
-0.74
T T T T T T T T T T I
-2 2
log (J<I>/mA])

Figure 10. Potentiometric polarization curve for 1 N HCl mediu

-02]
03]

_045

Ewe/V vs. SCE
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f T T v T T T Y T T ¥
2 0 2

log (|<I=/mA])
Figure 11. Potentiometric polarization curve for 1 N HCledium, in the presence of
100 ppm concentration @ommelina benghalendsaves extract.
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Ewe/V vs. SCE

0A
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2 0
log (|<I>/mA()

Figure 12. Potentiometric polarization curve for 1 N H@é&dium, in the presence of
900 ppm concentration @ommelina benghalendsaves extract.

Ewe/V vs. SCE
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Figure 13. Potentiometric polarization curve for mild steelDi» M HSQu.
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Figure 14. Potentiometric polarization curve for 0.5 M$0Os medium, in the presence
of 100 ppm concentration @ommelina benghalendsaves extract.
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Figure 15. Potentiometric polarization curve for 0.5 M$0Qs medium, in the presence
of 900 ppm concentration ommelina benghalendsaves extract.

AC impedance study

AC impedance spectra have been used to investitpgeformation of a
protective film on the metal surface, during thergsion inhibition process.
When there is corrosion inhibition, charge transésistance value increases, and
double layer capacitance decreases [43-48].

Tables 16 and 18 and Figs. 16 to 21 indicate ACentapce curves and values
for the inhibitor concentration. The: Ralue increases, andi®alue decreases
with the inhibitor concentration. This implies thrmmation of a protective film
on the metal surfacdt can be also seen from Tables 17 andtfi there is a
close agreement between the inhibition efficiengig@sies obtained from weight
loss measurements, polarization and impedanceestudi the inhibitor presence,
a protective film is formed on the metal surfadeprevents electrons transfer
from the metal surface to the solution’s bulk. Tisatvhy there is an increase in
the resistance to the electron transfer, and, enirthibitor presence, the charge
transfer resistance increases.

Table 16. Corrosion parameters obtained from the impeelastudy for mild steel
in 1 N HCl,in the presence and absenc€ommelina benghalendisaves extract.

[Inhibitor] Rt Cu, Inhibition
ppm Ohm cm? Flcm? efficiency (%)
Blank 16.2 0.15C | = -
10C 17.1 0.12:¢ 18.0(¢
90C 39.C 0.00¢ 94.61

Table 17. Comparison of the inhibition efficiency measulbgdweight loss, polarization
and impedance studies for 1 N HCI.

Inhibition efficiency (%)

[Inhibitor] - —
ppm Weight lossstudy | Polarization study | Impedance study
10C 17.23 17.9¢ 18.0(
90c 93.4( 94.€9 94.61
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Table 18. Corrosion parameters obtained from the impeeastudy for mild steel in
0.5 M HSQy, in the presence and absenc€ommelina benghalendisaves extract.

[Inhibitor] Ry, Cal, Inhibition
ppm Ohm cm? Flcm? efficiency (%)
Blank 10.7 0137 | @ -

10C 11.] 0.12¢ 8.0z
90C 110.C 0.01¢ 86.8¢

Table 19. Comparison of the inhibition efficiency measubgdweight loss, polarization
and impedance studies for 0.5 M3Qu.

. — 0
[Inhibitor] Inhibition efficiency (%)
ppm Weight loss study Polarization study | Impedance study
10C 8.92 8.1t 8.0z2
90C 85.71 86.6( 86.8¢

5 ; g ; ; T ; ; g ; T
10 15 o)
Re(Z)/Chm

Figure 16. Impedance diagram for mild steel in 1 N HCI.

v ¥ T ¥
5 10 15 20
Re(Z)/ohm

Figure 17. Impedance diagram for mild steel in 1 N HCI moed in the presence of
100 ppm concentration @ommelina benghalendsaves extract.
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[

-Im(Z)/Ohm

10 2 0 40
Re(Z)/Ohm

Figure 18. Impedance diagram for mild steel in 1 N HCldmen, in the presence of
900 ppm concentration @ommelina benghalendsaves extract.
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Figure 19. Impedance diagram for mild steel in 0.5 MS,.
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Figure 20. Impedance diagram for mild steel in 0.5 MS@ medium, in the presence
of 100 ppm concentration @ommelina benghalendsaves extract.

It is inferred from the Nyquist plots that the pess represents simple corrosion
and corrosion resistance. The equivalent circaigicim for such a system is
shown in Fig. 22.
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Figure 21. Impedance diagram for mild steel in 0.5 M3 medium, in the presence
of 900 ppm concentration ommelina benghalendsaves extract.

Cal
1T

- —
—L_—

Rt

R: is Solution Resistance
R: is Charge Transfer Resistance

Cdi is Double Layer Capacitance

Figure 22. Equivalent circuit diagram for a simple corrosiomaorrosion inhibition
process.

Conclusion

The inhibitive influence oCommelina benghalendisavesextract on mild steel
corrosion in 1 N HCI and 0.5 M43OQs was studied by the weight loss method,
polarization and impedance measurements. The tidnbiefficiency values
determined by these techniques showed close agnéeride corrosion
decreased with the increasing addition ©@bmmelina benghalensiteaves
extract, probably due to the progressive adsormifdhe inhibitor onto the metal
surface. The maximum inhibition efficiency was fduo be 93.40% in 1 N HCI,
and 85.71% in 0.5 M $$Qs.

1. Mild steel corrosion in 1 N HCI and 0.5 Mx80, solutions was inhibited
by the addition oCommelina benghalendsaves extract.

2. The percentage of inhibition efficiency increasedhwhigher inhibitor
concentrations.

3. The corrosion inhibition ofCommelina benghalensigaves extract is
attributed to the adsorption of any of the phyteroical components
present in the inhibitor onto the mild steel suefaghe adsorption was
assumed to arise from tlebond of the components onto the mild steel
surface.

4. The values obtained from the weight loss technifpre the studied
inhibitor fit into the Langmuir and Temkin adsoti isotherms and the
kinetic thermodynamic model. The free energy valicesthe adsorption
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processes indicate both physisorption and chentisorficomprehensive
adsorption) of the studiecdommelina benghalendsavesextract onto the
mild steel surface.

5. AC impedance studies reveal that a protective filas formed on the
metal surface.

6. The results suggest th@ommelina benghalensisaves extract is a great
eco-friendly inhibitor.

7. The corrosion inhibition mechanism occurred by agison of the active
principles of the extract ingredients onto the rhetaface.
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