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In order to create an eco-friendly corrosion inhibitor Punica granatum extract (PG) was employed as the primary
component for use in H,SO, pickling procedures. The inhibition behaviour of C-steel in H,SO, has been studied using weight-
loss tests, polarization curves, electrochemical impedance spectroscopy, Fourier-transform infrared spectroscopy (FT-IR), and
X-ray photoelectron spectroscopy (XPS).The outcomes demonstrate the extract's effective inhibition in 1 M H,SO,. Both an
increase in concentration and temperature boosted the effectiveness of the inhibition. With the greater concentration of PG (300
ppm) and the higher applied temperature (45°C), the inhibition effectiveness reached 91.7%. Nevertheless, the inhibitory
efficacy increased synergistically with the addition of potassium iodide, increasing from 81.5% to 95.0% at 25°C using the
weight-loss technique. Adsorption on the C-steel caused the inhibitory effect, and this adsorption mechanism was compatible
with the Temkin isotherm. According to the free energy of adsorption (AG®g = 39.5 kJ/mol.), the PG extract adheres
chemically to the surface of the C-steel. The efficient inhibitor Punica granatum (PG) extract may prevent corrosion of C-steel
in H,SO, solution.The extracts from Punica granatum (PG) are a commonly used green inhibitor that may be used to pickle

metals.
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C-steel is alloy of iron that contains up to 2.1 % (as
Weight %) carbon. C-steelis regarded as the most useful
material because of its many manufacturing
applications, great mechanical properties, and extremely
low cost. In the metal finishing industry, acid solutions
are frequently employed to reduce undesirable scale and
corrosion, boiler cleaning, and heat exchangers'
Therefore, Inhibitors can eventually be used in the
treatment process to prevent metal disintegration when
using acids for cleaning’. Sulphuric acid is almost as
frequently used for metal pickling as hydrochloric acid,
but it does not evaporate, hence it is typically employed
for pickling at high temperatures. The use of 1 M H,SO,
in our study is to ensure that the extract was completely
dissolved. In fact, Organic compounds are most
effectual corrosion inhibition with N, O and S atoms™®
Because they are nontoxic and include phytochemical
components, plant extracts are increasingly used to
prevent corrosion in C-steel, as it considered an
environmentally friendly corrosion inhibitor’. Plant
extracts are an extremely abundant source of natural
chemicals that may be handled inexpensively and are

easily degraded in nature. Extract of Eucalyptus
globulus Leaves®, Citrus sinensis’, Artemisia judaicalo,
and Eucalyptus leaf'!, were investigated as C-steel
corrosion retardants in H,SO, media. Punica granatum
(Pomegranate) (PG) extract is vastly used as a metal
corrosion retardant in acidic media'*"'®. PG is commonly
used in respiratory ailments, make tinctures, cosmetics,
and other medical formulas'’. PG is very abundant in
ellagitannins which are high molecular weight water-
soluble phenolic compounds. Ellagitannin hydrolysis
generates hexahydroxy diphenic acid, which naturally
rearranges into Ellagic acid (EA)*". EA is an
incredibly thermodynamically stable molecule reflecting
the four-ring lipophilic domain. The hydrophilic
component is composed of four phenolic (hydroxyl) and
two groupings of lactone (which can act as a donor or
acceptor of the hydrogen bond). PG peels contain a
significant number of such polyphenols as flavonoids
attached to sugar, quercetin, kaempferol®, flavonoid Di
glycoside’, organic acid” ellagic acid and ellagic
tannin®. On the other hand, it was confirmed that steroid
hormones like estrone®, estradiol” and testosterone
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have also been found in PG extract®. Tannic acid (TA)
is the standard hydrolysing tannin consisting of a
combination of various gallic acid (GA) esters of
glucose. TA occurs in barks and many plant fruits
contain PG, chelates of iron due to their 10 galloyl
groups and decreases non-heme iron intestinal
absorption””**. The targets of this study is to inspect the
inhibitory impact of PG extract as an inexpensive,
naturally occurring chemical that is also environmentally
friendly, on the corrosion behavior of C-steel in 1 M
H,S0;. In addition to using FT-IR and XPS analysis, the
investigation is carried out using WL, PP, and EIS
techniques.

Experimental Section

Preparation of C-steel and acid solution

The compositions of the C-steel samples used in the
investigation are as follows: C (0.14), Cr (0.1), Ni
(0.01), Si (0.0.024), Mn (0.5), P (0.05), S (0.05) as
percent weight, and the remaining percent are for Fe.
Mechanical polishing was performed on C-steel
specimens with dimensions of (1.9 x 1.9 x 0.1) cm.
Bidistilled water was used to clean the samples after
they had been with emery paper of grades ranging from
250 to 1200. The surface was cleaned with acetone,
and then it was dried using filter sheets. This
preparation technique for specimens is referred to as
the standard technique®”. The 1 M H,SO, solution
(from analytical reagent grades), created by using bid
stilled water for dilution, is the acid medium employed
for this study.

Extraction of plant material

At room temperature, the PG plant product was
dried in shade. Using electric mills finely ground and
extracted using methanol for soaking. The solvent
extract was isolated by rotary evaporation and
vacuum-dried at 60-65°C. Ethanol (1 g/L) was used to
liquefy the solid form of the extract. Until using,
crude extracts had been refrigerated™’.

Weight loss (WL) method

In WL measurements, glass hooks were used to
fully immerse the test specimens (that prepared as clear
above) in a 100 mL volume of 1 M H,SO, solution in
the absence and at various PG extract concentrations
(50-300 ppm). After a similar amount of time (30 to
180 min), samples were removed from the solution,
rinsing them with bi-distilled water, drying them with
filter paper, and weighing them once more. Three
repetitions were given to each test to reduce the

percentage of errors. The reduction in weight, AW
(mg), of the C-steel specimens was measured using the
specimens' weights before (W) and following being
submerged in the acid solution (W) with the following
relationship:

The corrosion rate (CR) of C-steel specimens was
determined as follows”":

AW

CR = AT . (2

with A= surface area (cm?) and t= time (min). The
AW was used to compute surface coverage (0) and
inhibitory effectiveness (% IE) by employing the
following equation:
AWinn
AWfree o (3)

with AW4g..= C-steel WL in 1 M H,SO, without PG

extract and AWge.= C-steel WL in 1 M H,SO, with
PG extract.

%IE =100 x 6 =100 x 1—

Techniques using electrochemistry

Three electrodes were set up in a glass cell to
conduct electrochemical testing. First is the saturated
calomel electrode (SCE) which serves as reference
electrode, second is platinum counter electrode which
serves as electrode auxiliary, and third is a square
C-steel sample with a 1 cm® area which serves as
working electrode. Since immersion of the electrode
for 30 minutes in the test solution, all electrochemical
measures at the OCP have been performed at 25°C.
Electrochemical studies were produced by using the
Potentiostat/Galvanostat, ZRA (PCI4-G750), DC105
and EIS300 Gamry instruments, which attaches to a
computer in order to record and examine data using
Echem analyst V.6.03.

Tests of potentiodynamic polarization (PP)

By applying a scan of 0.5 mV s in the range of
potential of -700 to +700 mV, we have achieved Tafel
polarization plots with regard to the open circuit
potential (E,).There have been recorded both
catholic and anodic polarization curves.For
determining surface coverage (O) and percent
inhibitory effectiveness (% IE), as seen below, the
densities of the corrosive current (ic,) without
(icorr(free)) and With (icorrinn)) PG extract were used™.

%IE = 0 x 100 = [I—M]x100 (4

Icorr(free)
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Electrochemical impedance spectroscopy (EIS) evaluations

In EIS tests, the potential of open circuit (OCP) and
AC current signal of 10 mV peak to peak have been
used between 100 kHz and 10 Hz in frequency. The
amount of surface coverage (O) and percent inhibitory
effectiveness (% IE) can be computed by employing
the following equation®.

%IE= 0 x 100 = [1—M]x100

Ret(inh)

. (5)

with Reysee)= resistance of charge transfer without
PG extract and Reinn y= resistance of charge transfer
with PG extract.

Surface examinations

Fourier-transform infrared spectroscopy (FT-IR) analysis

Technique of FTIR analysis is used to detect the
functional groups of the inhibitor before and after
metal immersion via peaks with certain values. The
Attenuated Total Reflectance (ATR) method can be
applied to examine the FTIR spectra of 300 ppm of
PG extract in 1M H,SO4 prior to and following
C-steel inundation for 24 h by apparatus of FTIR-
spectrometer iS 10 (Thermo Fisher Scientific, United
States of America).

X-ray photoelectron spectroscopy (XPS) analysis

Technique of XPS can be used to detect the
interaction of the inhibitor with the metal by
providing the adsorbed inhibitor atoms' energy
spectra. After spending 24 h submerged in 1M H,SO,
solution containing 300 ppm of PG extract, the
C-steel surface was subjected to an XPS analysis
utilizing a device made by Thermo-Scientific in the
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United States of America called the ESCALAB
250Xi.

Result and Discussion

Measurements of WL

WL of C-steel was tested at 25 £1°C after three
hours of flood in 1M H,SO, solution without and at
different PG concentrations.It was known that as the
extract concentration grew, its performance improved
due to an increase in inhibitory efficiency and a
decrease in CR. The increase in PG adsorption and
surface coverage on C-steel surface as extract
concentration grew may be the cause of the decreased
CR**. The PG adsorbed layer isolates C-steel from
acidic solutions and inhibits its corrosion®.
Synergy impact

The C-steel CR in 1 M H,SO, without and at
different PG concentrations in the absence and
presence of 1x10” M KI was tested at 25°C using the
WL technique. The computed CR, 0 and percent IE
values were demonstrated in Table 1. According to the
table's findings, the presence of KI promotes the
lowering of C-steel CR values in 1 M H,SO,4. The
lowering in the rate of growth of corrosion with KI
shows that the presence of KI boosts the extract
inhibitory efficacy. Due to the increased surface
coverage that brought about by adsorption of iodide
ions by electrostatic interactions with PG extract, it was
shown that KI considerably increased the inhibitory
efficiency’®”’. The synergistic parameter (S;) was
attained by applying the following equations™**.

Table 1 — C-steel CR, 0, % IE and S; in 1 M H,SO, without and at different concentrations of PG in the absence and presence of 1 x 102
M KI at 25°C

Conc. of KI(M) Extract Conc.(ppm) CR (mg cm™ min™)

Blank 0.412
50 0.136
100 0.112
150 0.104
200 0.097
250 0.089
300 0.076

1x 107 Blank 0.052
50 0.049
100 0.028
150 0.023
200 0.021
250 0.021
300 0.021

1-I14,
5 = hse . (6)
/
1-Tiy2
(S} %IE S
0.669 66.9 —
0.669 66.9 —
0.748 74.8 —
0.764 76.4 —
0.784 78.4 —
0.815 81.5 —
0.873 87.3 —
0.882 88.2 0.356
0.933 933 0.516
0.944 94 .4 0.572
0.950 95.0 0.599
0.949 94.9 0.538
0.950 95.0 0.470
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Li,=L+ 1 .. (D

with I to express the inhibitory effectiveness of the
anion, [, to express the inhibitory effectiveness of the
captions, and I';., toexpress the inhibitory effectiveness
of both the captions and anion. The determined
synergistic parameter (S;) was tabulated in Table 1.
When S; approaches unity, the inhibitor molecules do
not interact, when S; exceed one denotes a synergistic
impact, and when S; falls below one, it signifies the
emergence of a competitive adsorption*'. The obtained
Sifalls below one, thus it denotes competitive
adsorption behaviour of PG extract and iodide ions.
Data show that when potassium iodide is added, CR
decreases, which increases the absorption of PG extract
in the existence of potassium iodide™.

Effect of temperature and thermodynamic parameters

Weight loss method results (CR, © and % IE)
at different concentrations of PG extract at the applied
temperatures (25- 45°C) for C-steel in IM H,SO, were
shown in Table 2. It is obvious that by increasing
the temperature, the extract inhibitory effectiveness
increases, this implies that more extract molecules
have  stronger adsorptive interactions  with
C-steel/solution interface at higher temperature.
This producing a protective layer of the inhibitor on
the surface of the metal prohibits corrosion.
An increase in the extract inhibitory effectiveness as
temperature rises is a sign that the extract species
have chemically adsorbed to the surface of the
C-steel.

Table 2 — WL method results (CR, © and % IE) for C-steel without and at different concentrations of PG at different temperatures (25-45°C)

Temp (°C) Extract conc.(ppm)

25 Blank
50
100
150
200
250
300
30 Blank
50
100
150
200
250
300
35 Blank
50
100
150
200
250
300
40 Blank
50
100
150
200
250
300
45 Blank
50
100
150
200
250
300

CR (S} % IE
0.412 — -

0.136 0.670 67.0
0.112 0.728 72.8
0.104 0.748 74.8
0.097 0.765 76.5
0.089 0.784 78.4
0.076 0.816 81.6
0.443 — —

0.140 0.684 68.4
0.122 0.725 72.5
0.107 0.758 75.8
0.106 0.761 76.1
0.098 0.779 77.9
0.076 0.827 82.7
1.080 — —

0.279 0.742 74.2
0.256 0.763 76.3
0.229 0.788 78.8
0.212 0.804 80.4
0.182 0.831 83.1
0.134 0.876 87.6
1.568 — —

0.371 0.763 76.3
0.320 0.796 79.6
0.302 0.807 80.7
0.268 0.829 82.9
0.231 0.852 85.2
0.169 0.892 89.2
1.854 — —

0.387 0.791 79.1
0.325 0.825 82.5
0.258 0.861 86.1
0.250 0.865 86.5
0.236 0.873 87.3
0.152 0.917 91.7
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The corrosion process activation energy (E, ) can
be attained by applying the Arrhenius equation as
shown below:

b ] .8

log CR = [log A] - [2.303 RT

with R= universal gas constant (8.314 Joule/ mol.
K), A is Arrhenius pre-exponential multiplier. Figure 1
indicates plot between log CR and 1/T for C-steel in 1
M H,SO, without and at different PG extract
concentrations. The E,” value could be gotten from the
straight lines slopes. Another type of transition state
expression can be employed to attain the enthalpy
(AH") and the entropy (AS’) of the activation
mechanism as indicated below™:

CR = [E] exp [AS*] exp [_A:*] ...(9)

Nh R R

with h and N as constant of Planck and number of
Avogadro, respectively. Straight lines were attained
from the graphs of (1/T) and (log CR/T) (Fig. 2).
From the slopes and intercepts of the lines, AH and
AS" can be obtained, respectively. The attained E, ,
AH" and AH" parameters were given in Table 3. It was
found out that the inhibited solutions' Ea* values are
lower than that for a blank solution. The decrease in
E, indicates that the PG particles have chemisorbed
onto C-steel surface. AH' indicates that the activation
mechanism is endothermic through its positive sign.
The lower values of AH* in inhibited solutions
compared to a blank solution, implies that the
corrosion reaction energy barrier is lowered. The
negative values of AS" points out that association
occurs in the activated complex rather than
dissociation, in other words, the change from the
reactant until the activated complex includes a

. . 44,45
decrease in the disorder™ ™.

Adsorption isotherm

To acquire essential crucial data regarding the
corrosion inhibition process, adsorption isotherms
might be used. Numerous adsorption isotherms were

tested, and Temkin isotherm, which agrees with the

following equation, was the best one.
ab=InK,4, C ... (10)

where C= concentration of extract, a= the attractive
parameters and Kj=adsorption constant. Plots of

0.4
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Fig. 1 — Graphs of log CR against 1000/T for C-steel in 1 M
H,SO, without and at different PG extract concentrations.
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Fig. 2 — Graphs of log CR/T against 1000/T for C-steel in 1 M
H,S0O, without and at different PG extract concentrations.

Table 3 — Thermodynamic activation parameters for C-steel without and at different PG extract concentrations in 1 M H,SO4 solution

Extract conc, (ppm) Ea*, (kJmol™)

Blank 67.4
50 48.4
100 47.5
150 45.2
200 44.6
250 44 .4

300 34.6

AH" (kJ mol™) -AS", (J mol K™
64.8 35.5
45.8 108.2
46.3 107.7
42.6 120.8
42.1 123.1
41.8 124.9
32.0 159.2
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Temkin isotherm appears in Fig. 3. It is possible to
acquire the free adsorption energy (AG®,) by applying
the following equation:
Kags= g5 €Xp % (1)
with 55.5 as the molarity of water in the solution.
Van't Hoff plot (Fig. 4) is a simple way to both
qualitatively and quantitatively measure the enthalpy of
the adsorption process (AH’%g), according to the
following equation*’:

o
T ads

2.303RT

log K, 4s = +constant .. (12)

Using the fundamental thermodynamic principle
equation, the entropy of adsorption (AS°y) may be
determined as follows:

0.95
= 25°C, R%=0.975
0, 2= *
090 © oc, R2 0.920
A 359, R?=0.364 v
A
v 40°c,R2=0.889
0.85| o 45°, R2=0922
®
© 0.80 -
0.75 1
0.70 -
0.65

43 42 11 1.0 -09 -08 -07 -06 -0.5
log C (M)

Fig. 3 — Temkin model of PG extract adsorption on C-steel
surface at various temperatures.

6.8 -
6.6 -

R2=0.9187

5-0 Ll T L] T T
0.00310 0.00315 0.00320 0.00325 0.00330 0.00335
1000/T (K1)

Fig. 4 — Graph of log K,4; and 1/T for the PG adsorption on the
surface of C-steel.

AHS4-AGY 46
Asgdsz% .. (13)

Table 4 described the received adsorption
parameters. The values of AG®gys are negative and
grew as the percentage IE rose, indicating that the
studied extract is heavily adsorbed on the surface of
C-steel. These results further demonstrate the
spontaneity of the adsorption process and the stability
of the adsorbed layer on surface of the C-steel*’. The
values of AG’qs obtained were greater than
40 kJ mol™', supporting chemisorptions as the mode of
the extract adsorption on the surface of the metal®.
The K,4 follows the similar pattern in that higher K,g
values indicate better, more effective adsorption and,
hence, stronger inhibitory effectiveness. The extract
adsorption from a 1 M H,SO, solution onto the
surface of C-steel is revealed to be an exothermic
process by the negative sign of the AH, equation,
which means that the extract %IE rises as the
temperature grew. Such attitude can be discussed by
the reality that as temperature grows, more inhibitor
molecules adsorbed onto the metal's surface, leading
to the observation of higher protection. It was shown
that the entropy of adsorption (AS%gy) exhibits
negative indicators, indicating that the disorder is
diminished in conjunction with the adsorption
process.

Electrochemical measurements

Tests of potentiodynamic polarization (PP)

The potentiodynamic curvesforC-steel in 1 M
H,SO, without and with PG extract at 25°C are seen in
Fig. 5. Polarization measurements can be used to
determine cathodic and anodic Tafel slopes (B, and B,),
corrosion potential (E.), corrosion current density
(icom), percent inhibitory effectiveness (%IE) and extent
of surface coverage (0). The computed PP data are
presented in Table 5. It is obvious that the PG extract
presence reduces i, Which is caused by the extract
molecules adsorption onto the C-steel surface. In the
E.or and Tafel slopes, there is little difference between

Table 4 — Parameters of adsorption of PG extract on the surface
of C-steel at different temperatures.

Temp a log -AGgs, -AH s, -AS,s,
(°C) Kas (kImol™) (kJmol™) (Jmol'K™)
25 1336 5.18 39.5 614.4
30 13.97 545 41.7 611.6
35 1475 558 432 143.6 606.5
40  15.53 6.38 48.6 614.1
45 1598 6.76 51.7 614.2
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Fig. 5—Anodic and cathodic PP curves for C-steel in 1 M H,SO4
without and at PG concentration at 25°C.
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Fig. 6 — Nyquist charts for C-steel in 1 M H,SO, without and at
different PG extract concentrations.

the uninhibited and inhibited solutions. The existence
of the tested extract did not significantly change the
E o values, proving the inhibitor's ability to act as a
mixed type inhibitor*’. Additionally, it was noticed that
Tafel lines shifted the cathodic (B.) and anodic (j3,)
slopes in more negative and positive orientations,
respectively, demonstrating that the corrosion reaction
process is established and the straightforward
adsorption strategy prevents the corrosion reaction’’.

Tests of electrochemical impedance spectroscopy (EIS)

In corrosion studies, EIS is an effective and useful
method. A lot of details can be obtained from impedance
diagrams, such as kinetic parameters, surface properties,
and mechanistic information®' ™. The Nyquist charts for

Table 5 — Effect of PG concentration on PP parameters for
C-steel in 1 M H,SO, at 25°C

Extract 'Ecom icom Ba’ -BC, S] %IE

conc., (mV) (mA em?) (mV dec!) (mV dec™)

(ppm)

Blank 414.8 0.9430 122.5 139.2 — -
50  460.7 0.5102 128.4 156.6  0.459 459
100 4295 0.4039 97.1 1269  0.572 572
150  372.7 0.3171 118.8 1422 0.664 66.4
200  479.1 0.1949 123.8 137.0  0.793 793
250  503.2 0.1183 121.7 143.8  0.875 87.5
300 3943 0.0484 157.9 1669 0949 949

Table 6 — EIS parameters for C-steel in 1 M H,SO,4 without and
at different PG extract concentrations

Extract conc., R, n Cal, Ry, O %IE
(ppm)  (Qem?) (uF cm?) (Q cm®)
Blank 2.521 0985 608.7 2512 @ — @ —
50 3.605 0992 4374 60.24 0.580 58.3
100 1.905 0.989 384.5 87.48 0.713 71.3
150 3338 0994 2964 143.13 0.824 824
200 3481 0955 2083 197.7 0.873 87.3
250 3.879 0911 1457 302.6 0917 91.7
300 4.048 0972 65.31 516.1 0.951 95.1

C-steel in 1 M H,SOy at 25°C were displayed in Fig. 6 at
open-circuit potential without and at different PG extract
concentrations. The results indicate an expansion of the
Nyquist plot semicircle diameter when the extract
concentration boosts from 50 to 300 ppm. Equivalent
circuit model was applied to fit EIS results. It consists
from the charge transfer resistance (R.), the phase
element component (CPE) and solution resistance (Rj).
The CPE was used in the place of double layer
capacitance (Cy) for better fitting. Different EIS
parameters were computed and included in Table 6. It
found that there is a growth in (R) values while there
was a gradually drop in (Cq) values as concentration of
PG increases. This may be a result of the extract
gradually replacing molecules of water through the
adsorption on the metal surface or a result of thickening
the double layer. As indicated in Table 6, n values have
range of (0.985-0.972). The deviation from unity can be
illustrated on the bases of heterogeneity and
roughnessthat appeared on the C-steel surface™.

Surface examinations

Analysis of Fourier-transform infrared spectroscopy (FT-IR)
FT-IR method identified specific peaks in the extract
IR spectra that corresponded to the functional groups™.
The FT-IR spectra of the PG extract prior to and
following C-steel immersion was studied. The large
peaks were noted at (3328 cm™) for O-H, (2975 cm™)
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Table 7— Peak BE (eV) of the core elements for C-steel after inundation in 1 M H,SO,4 with 300 ppm of PG extract for 24 h

Core element Peak BE,(eV)

284.89
288.7
286.5

287.08

712.47

727.19

720.34

714.31

730.63

733.77

710.77
724.4

717.87

399.99

Nls 400.18

401.89
532.43

Ols 530.13

533.08

169.46

168.48

Cls

Fe2p

S2p

Assignments

C-C,C-H

C-'0, C-S, C=N, C-'N, C=0

Metallic iron
Fe2py, of Fe**
Fe2ps,

Fe2p, ,of Fe**
Satellite of Fe**
Fe2py; of Fe?

neutral imine (-N=) andamine (-N-H)

Metal oxide, Hydroxide, FeO and Fe,04

Sulfide and sulphite

for aliphatic C-H stretching vibration frequencies, (1718
em™) for C-O symmetric stretch, (1613 cm™) for C=0,
and (1343 cm™) for C-H. Between the spectra of the
extract in 1M H,SO, before and after C-steel inundation,
it is evident that some peaks migrate or vanish, and other
peaks become less prominent. These peaks changes
show how the C-steel surface interacts with the PG
extract molecules™. This implies that the extract was
adsorbed onto the metal surface via the molecules
functional group, leding to the inhibition process.

Analysis of X-ray photoelectron spectroscopy (XPS)

The XPS spectra of the primary components found
in the layer generated on the surface of C-steel
following exposure to an acid media containing a
greater concentration of PG extract (300 ppm). The
peak binding energies (BE, eV) are shown in Table 7
along with the corresponding assignment® ®. The
(-N =) and (-N-H) can be identified by three peaks in
the N1s spectra at 400.23 eV, 401.89 eV, and 399.99
eV, respectively. The S2p spectra also showed two
peaks at energies of 168.48, 169.46, and 166.9 eV,
which correspond to adsorbed S on C-steel. Four
unique peaks were also seen in the Cls spectra at
(284.63 eV) for (C-C, C-H), and (286.6 eV, 288.79
eV, and 287.08 ¢V) which indicate (C-+O, C-S, C=N,
C-+N, C=0). Moreover, three distinct peaks in the
Ols spectrum with 530.13, 532.43.01, and 533.08 eV,
which associated with metal oxide, hydroxide, ferrous

o)

HO O
e
O OH

Chemisorption

Carbon steel surface

Scheme 1 — Explanation of adsorption mechanism of the Ellagic
acid molecule of PG extract as example on the surface of C-steel.

oxide, and ferric oxide. The XPS examination results

support adsorption of the PG extract on C-steel
surface in an acidic solution.

Inhibition mechanism

It's crucial to assess the experimental and
calculated data in order to understand the inhibitory
mechanism of PG in 1 M H,SO,. The investigated PG
extract contains numerous compounds with a lot of
heteroatoms and aromatic rings operate as Lewis
bases. These compounds create coordination bonds
with Fe's free d-orbital, and act as a barrier contra
surroundings that causing corrosion. Scheme 1 shows
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explanation of the adsorption mechanism of the Ellagic
acid molecule of PG extract on the surface of C-steel.

Conclusions

In a solution of 1 M H,SO,, the PG extract seems to
have a strong inhibitory efficiency for C-steel corrosion
and the process of inhibition was fundamentally
elucidated by the adsorption. PG extract adsorption on
a surface of C-steel followed the Temkin adsorption
isotherm. The adsorption is chemisorptions. The
percentage of IE rises with increased extract dosage
and increased temperature. The statistics of the
synergistic effect show a decrease in CR when we add
KI, and this due to the increase in the absorption of PG
extract in the presence of potassium iodide. According
to PP procedures, PG extract has cathodic and anodic
inhibitory effects. Increasing PG extract causes a
decrease in Cy while achieving an increase in Rg.
Results from FT-IR and XPS for C-steel surfaces with
PG show that an inhibitive film forms on the surface of
C-steel, preventing its corrosion in 1M H,SO,
solutions.
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