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In this research, the inhibitive effects of pomegranate peel extracted with water and a
water/acetonitrile solvent as a green corrosion inhibitor of steel rebar in a concrete
simulation environment are investigated. For this purpose, the inhibition effect was
evaluated using spectroscopic, electrochemical, weight loss, and electron microscopy
methods. Concentrations of 1, 2, 3, and 4 % by volume of the green inhibitor were
investigated, and the optimal concentration was found to be 4 wt. % for the calcium
nitrate inhibitor. The results showed that the inhibition efficiency of the extracted
extract in water/acetonitrile at an optimal concentration of 3 % v/v was higher than
that of nitrate. The impedance results showed that in the presence of the green
inhibitor, the polarization resistance (Rp) increased from 488 (Q.cm?) in the blank to
8260 (Q.cm?) in the inhibitor, and the inhibition efficiency was 94 % compared to
nitrate (91.8 %). The SEM-EDX results indicated the formation of a continuous
inhibitor film on the metal substrate, which prevents the penetration and absorption of
chloride ions, thus preserving the passive film on the metal substrate.
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1. Rosa damascena (R. damascena) leaves
2. Maize gluten meal extract
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Figure 1: Structure of polyphenolic compounds in pomegranate, 1- Gallic acid, 2- Ellagic acid, 3- Gallic acid, 4- Punicalin, and 5- Punicalagin (23).
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2. Scanning electron microscope
3. X-Ray diffraction
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1. Pourbaix diagram
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Table 1: Study of the effect of different inhibitor concentrations after two weeks of accelerated immersion test using the weight loss method.

0% (v/v) 1% (viv)

Sample/Concentration

(coupon)
Blank
(armature) 1.15 - _
Extract/ (coupon) - 38.4 0.384
(water) (armature) - 31.0 0.310
Extract/(water-  (COUPOM) - 77.9 0.779
acetonitrile) (armature) ~ _ 0.605
(coupon) - - _
Nitrate (4 %)
(armature) - = _
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0.436

0.445

0.123

0.148

2 % (vIv) 3% (VIV)

I B I N R I S A
1.15 = = = = = = = - -

52.0 0.520 0.364 69.9 0.699 0.286
45.0 0.450 0.402 57.7 0.577 0.312
87.3 0.873 0.082 90.4 0.904 0.072
85.6 0.856 0.096 89.8 0.898 0.076
= = = 87.0 0.870 0.089
= = = 84.3 0.843 0.098
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Figure 2: Appearance of the surfaces of the reinforcement and steel coupon of different samples after two weeks of immersion in accelerated weight
loss test conditions.
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Table 2 :Data obtained from the electrochemical impedance of rebar in concrete simulant solution and simulant solution containing different
concentrations of inhibitors after two weeks of immersion in accelerated corrosion test conditions.

- 12.0 14.3 45.8 488 617 -

Blank 0.9539

Nitrate 4% 172 963 5.90 5995 86.0 09816 918
1.0 15.3 39.8 415 982 287 09855  51.0
20 146 43.0 36.7 1310 213 09843 622

Extract/water
3.0 12.0 53.4 3.64 1615 188 09869  69.7
40 162 50.0 7.86 1295 150.5 09812 558
1.0 16.3 50.7 32.2 1850 172 09885 736
20 126 97.4 123 5328 746 09896 908

Extract/water-
i 3.0 15.9 195 018 8260 63.2 09888  94.0
40 146 140 242 7021 925 09846  80.0
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Figure 3: Nyquist curve of steel reinforcement immersed in concrete simulant solution without inhibitor (blank), containing nitrate and simulant
solution containing different concentrations of pomegranate extract extracted in (a) water, and (b) water/acetonitrile (2:1).
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Figure 4: Bode diagrams of steel reinforcements immersed in concrete simulant solution without inhibitor (blank), containing nitrate and containing
different concentrations of pomegranate peel extract extracted in (a) water, and (b) water-acetonitrile (2:1).
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Figure 5: Equivalent circuit resulting from fitting impedance data for the metal immersed in a concrete simulant solution without inhibitor and the
metal immersed in a simulant solution containing inhibitor
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Figure 7: Langmuir isotherm plots for steel in a concrete simulant
containing Pomegranate peel extract/water-acetonitrile 3 % at 20 °C.
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Figure 6: Polarization diagrams of steel in concrete simulant solution
without inhibitor (blank) and simulant solution containing the optimal
concentration of the green inhibitor extracted in water/ acetonitrile

solvent system after two weeks of immersion under accelerated test
conditions.
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Table 3 :Data from steel polarization in a simulant solution without inhibitors (blank) and a simulant solution containing optimal
concentrations of inhibitors after two weeks of immersion in the accelerated test.

(OCP)V P

(V/dec) (V/dec)
Blank -0.673 6.20 13.0

Rp icorr CR
(KQ.cmz) (mA/cm?) (mml/y)

0.95 10.8

| IE%

Extract/water-

acetonitrile U
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Figure 8: FT-ATR spectrum of a carbon steel sample immersed in a chloride ion-contaminated concrete simulant solution without inhibitor (blank
sample) and a steel sample immersed in a chloride ion-contaminated concrete simulant solution containing pomegranate peel extract extracted in
water /acetonitrile solvent 3 %.
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Figure 9: SEM images and EDX elemental analysis of (a) steel sample in concrete simulant solution, and (b) steel sample in concrete simulant
solution containing pomegranate peel extract extracted in water/acetonitrile solvent 3 %.

PO-EY A(\&-€) 19 /55, (s )9LS 9 P ole & i



9

Oii.gjl.wAﬁp"nJ,lza).\.\)ﬂ;_ouf.\),';)l&&)é)hlm”o)mdl)wum)»/5M Ao 9 (§ p)US L= Ailoww

.

. - 55
SEMMAG:1.00kx  WD: 1143 mm Leitons] VEGAWTESCAN SEMMAG:5.00kx  WD: 11.46 mm VEGAW\ TESCAN
SEMHV:20.00kV  Det: SE + BSE 20 pm { SEMHV:2000kV  Det: SE +BSE 5 pm [
Date(m/dfy): 06/22/24 Vac: HiVac RAZI" Date(m/dfy): 06/22/24 Vac: HiVac RAZln
cpsieV
10
8-
6 Ea
) KO Na CI K Ee,
4
2]
01— t,.l..L,.., —_—
0 2 4 6 8 10
olol A Sl

Figure 9: Continue.
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Table 4: EDX elemental analysis of steel in the simulated
environment without inhibitor (blank) and steel in the simulated
environment containing inhibitor after two weeks of immersion under
accelerated corrosion conditions.

Element ‘ inhibitor
Fe 59.30 47.4
(¢} 5.10 20.1
K* 3.50 6.20
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Figure 10:  Mpping EDX elemental analysis images of steel in a simulated environment (a) without inhibitor, and (b) steel in a simulated
environment containing pomegranate peel extract extracted in water/acetonitrile solvent 3 % after two weeks of immersion under accelerated
corrosion conditions
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Table 5: Data from the electrochemical impedance of rebar in concrete simulant solution and simulant solution containing optimal concentrations of
inhibitors after 3 months of immersion in long-term corrosion test conditions.

- 12.0 9.25 127 113

Blank 0.9539 -
Nitrate awt.% 95 27.34 26.6 1838 09720  66.0
Extract/water- 3% 143 41.24 192 10.6 09813  77.0
acetonitrile
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Figure 11: X-ray diffraction pattern of phases present in corrosion products formed on the steel surface exposed to concrete simulant solution a) in
the absence of inhibitor, and b) in the presence of pomegranate peel extract extracted in water/acetonitrile solvent 3 %.
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Figure 12: Bode diagrams of steel reinforcements immersed in concrete simulant solution without inhibitor (blank), containing nitrate inhibitor with
an optimal concentration of 4 %, and containing inhibitor obtained from pomegranate peel extract with a concentration of 3 % under long-term
corrosion test conditions (3 months).
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Figure 13: Nyquist plots of steel reinforcement immersed in concrete simulant solution without inhibitor (blank), containing nitrate inhibitor with an
optimal concentration of 4%, and containing inhibitor obtained from pomegranate peel extract with a concentration of 3 % under long-term corrosion
test conditions (3 months).
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Table 6: Data from steel polarization in a simulant solution without inhibitors (blank) and a simulant solution containing optimal concentrations of
inhibitors after 3 months of immersion in a long-term test.

Ba Bc
(OCP)V ) )

Sample

R,
(KQ.cm?)

Blank -0.488 6.10 7.85
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Extract
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Figure 14 :Polarization diagrams of steel in a simulator solution without inhibitors (blank) and a simulator solution containing optimal concentrations
of inhibitors after 3 months of long-term test immersion.
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Figure 15: Schematic representation of the mechanism of corrosion inhibition of rebar by pomegranate peel extract.
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