o dﬁ@@éz\ﬁ AN B s

oo aid oy dlio

Ay Jolomo y0 8,80 (59,95 3l cbilin jo Ul Cawgy o bac (1) (w0 o g
RO

JCST-2503-1256 :allio o,los
VEC o YoYY el s
VEFoFoNY ol g
VEFofo.q Sy b

)|J4_95°M44‘.\&) 6)5L._95r:91.c AJJMJ..BQJGM}: e eSS .l o0 4.._9).3‘..\4 uL>Lg‘).14.SC~w| IR WA U’“"‘ﬂﬁ dlie pdf&bw‘

D9d oo Jlo)l Al Jotns sninngi 4 2l ialps lp Sl

Accepted Manuscript

Journal of

Title: Investigating the effectiveness of pomegranate peel extract in protecting Clr S Teoog
rebar corrosion in concrete simulant solution

Authors: Semaneh Fatehi Kenarsari, Somayeh Mohammadi

To appear in:  Journal of Color Science and Technology

Receives date: 12-03-2025
Revises date: 03-07-2025
Accepted date: 30-06-2025

Please cite this article as:
F achK aarsarB , Miammadi S. Investigating the effectiveness of pomegranate peel extract in protecting
rebar corrosion in concrete simulant solution. J Color Sci Tech. (2025): JCST-2503-1256.

This is a PDF file of an unedited manuscript that has been accepted for publication. The manuscript will
undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.



o Aﬁz\ﬁz\ﬁ AN B s

u.og)Lw w JQ.L‘&O J° O)ﬂ.u) ‘550.5)9# )‘ bl ) )b‘ wy O)LO.C @')K )y
T Goeme doms ¢ (5 g, S 505 dilos
FYATATY SRV ey 390io o0yl ey LS oSS o ouSeils e(s3,0)5 (gmdh 05,5 eyl (osli IS )

FAAPAVYEAV: Sy oo el iy oS olK2ils o souns 0aSCailS (63,8, and 08,5 ,Lolil =¥
*  omaye mhammad3@) gilan a 1T

cuuS>

05,85l lere o igiul [T Pl e g Ol PPl b oo 2l suil [Ul Gy ojlas  Sai)losb &l 31 gy opl )
o b gla g, leslaisl b (Sailail 5l gkaie fpas ial gwyp 0 jle and laore jo (60Yed 0,8l S0
5 e 000103 5l a [saz 1 o IY TV LY ole ke s sl Sl sS SKas § (5 LS oty 25
o 55 00 ]yl o las S0,I03l )5 45 wioks Lt gl ol anyyr Sl oS o003l 51 39 /¥ diegs ciale
s (6 035,03L jgam 10 aS ol ylid uilogel guls el Ols (6 0as, ol 5l YL Y g ags cdale o b gl -~
e S5l 2hl s 5,8 oy (a5l oy lask 4o AYS (Q.CMP) b wals ;o FAA (Q.6M?) 51 (Rp) el 3o M Cenglie
S0 38 s oyl 5l atwgn okd SO LSis 5l S SEM- EDX mls el css 0 (AVAL) @lis 4 cos 7 AF
g (g0 B s ool (BSET gy phed Lad> g LIS (g der g 3945 5l Bile &S

O Hw dacd buxo g0V 98 0 8l juw (50585 00351030 (Ol s bl Cawgy o lac tolg aulS

Investigating the effectiveness of pomegranate peel extract in protecting rebar
corrosion in concrete simulant solution

Abstract
In this research, the inhibition effects of the pomegranate peel extracted with water and water/acetonitrile solvent as a green

corrosion inhibitor of steel rebar in a concrete simulation environment 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/volume of the green inhibitor were investigated and the optimal concentration of 4 wt.% for calcium nitrate
inhibitor. The results showed that the inhibition efficiency of the extracted extract in the water/acetonitrile at the optimal
concentration of 3% v/v was higher than 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 (€.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.

Key words: pomegranate peel extract, nitrate, green corrosion inhibitor, steel rebar, concrete simulating environment
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Figure 1: Structure of polyphenolic compounds in pomegranate: 1- Gallic acid 2- Ellagic acid 3- Gallic acid 4-
Punicalin 5- Punicalagin (23).
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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.
Sample/Concentration 1% (v/v) 2% (vIv) 3% (viv)

0 . IE% 0 . IE% 0 CR

Blank (coupon) 1.15
(armature) 1.25

Extract/
(water-acetonitrile) (coupon) 77.9 0779 0123 873 0873 0082 904 0904 0.072
(armature) 69.5 0.695 0.148 856 0.856 0.096 89.8 0.898 0.076
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Awpearance of the surfaces of the reinforcement and steel coupon of different samples after two weeks of

:Figure 2
immersion in accelerated weight loss test conditions.
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Nyquist curve of steel reinforcement immersed in concrete simulant solution without inhibitor (control), :Figure 3
containing nitrate and simulant solution containing different concentrations of pomegranate extract extracted in a)
water solvent and b) water/acetonitrile solvent (2:1).

¢ Blank
1.00E+04 4 e ' Nitrate
‘3’%‘ = Extract/acetonitrile (1%) (a) LODERDe= + Blank
A Extract/acetonitrile (2%) % QL' " Nitrate
A .y -
. g dsl’\‘ * Extract/acetonitrile (3%) % K = Extract/water (1%)
'-_ ‘AAO;_’ i ® Extract/acetonitrile (4%) % “"4. Extract/water (2%)
100E+03 { ' ® NI . i SN
A ”’k 1.00E+03 ,"3:;, H,\“ « Extract/water (3%)
< T Aes & " H 'ﬁ.. H,' « Extract/water (4%)
\ = R K 3 g mA ‘N
” [ A% K or Kk
o " e, t = A
‘0 5 g %o £ 15k N
% A%, By
1.00E+02 - LA T e T 1.00E+02 -
0‘ .l. “‘A“ 200000000 oo,
||
0‘ -.-. ‘AAA‘A“‘“‘AA‘ [~ :
‘0’ "-. *
L '} *,
M' B pro. M
LY aia.
1.00E+01 - : 1.00E+01 ‘ ‘ 20400
1.00E-01 1.00E+01 1.00E+03 1.00E+05 100E:01 100810 LO0E#03 100605
Frequency/(Hz) Frequency/(Hz)

Clile (gol 5 Wl Golo ¢ (wald) ouiyIo3b ¢ygu oty jlw Ased Jolixo 40 59 abgl Y98 (sl ygile,T s jloged F JSb
(YY) Joyidgin] = OF Mo 58 (0) g 0f I ()50 oo gl youiwl HUl Cawgy 0 bas 3 iliso o
Bode diagrams of steel reinforcements immersed in concrete simulant solution without inhibitor (control), :Figure 4

containing nitrate and containing different concentrations of pomegranate peel extract extracted in (a) water solvent
and (b) water-acetonitrile solvent (2:1).
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Equivalent circuit resulting from fitting impedance data for the metal immersed in a concrete simulant :Figure 5
solution without inhibitor and the metal immersed in a simulant solution containing inhibitor
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Data obtained from the electrochemical impedance of rebar in concrete simulant solution and simulant : Table 2
solution containing different concentrations of inhibitors after two weeks of immersion in accelerated corrosion test
conditions.
CPEai (uF.Cm?) | Rp(Q.cm?) | CPE (pF. Cmr

Blank 45.8 617 0.9539 =
Extract/water 1.0 15.3 39.8 41.5 982 287 09855  51.0
2 0 14.6 43.0 36.7 1310 213 0.9843 62.2
12.0 53.4 3.64 1615 188 0.9869 69.7
16.2 50.0 7.86 1292 150.5 0.9812 55.8
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Polarization diagrams of steel in concrete simulant solution without inhibitor (control) and simulant :Figure 6
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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Data from steel polarization in a simulant solution without inhibitors (control) and a simulant solution containing : Table 3
optimal concentrations of inhibitors after two weeks of immersion in the accelerated test.
Sample (OCP)IV Pa Be Rp icorr C.R
(V/dec) (V/dec) (KQ.cm?) | (mA/cm?) | (mmly)

Extract/water- -0.677 7.22 14.7 24.0 0.075 0.85 92.0
acetonitrile
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Langmuir isotherm plots for steel in a concrete simulant containing Pomegranate peel extract/water-:Figure 7
acetonitrile 3%at °20 C.
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FT-ATR spectrum of a carbon steel sample immersed in a chloride ion-contaminated concrete simulant :Figure 8

solution without inhibitor (control sample) and a steel sample immersed in a chloride ion-contaminated concrete
36 simulant solution containing pomegranate peel extract extracted in water/acetonitrile solvent
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SEM images and EDX elemental analysis of (a) steel sample in concrete simulant solution and (b) steel :Figure 9
sample in concrete simulant solution containing pomegranate peel extract extracted in water/acetonitrile solvent 3%.
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EDX elemental analysis of steel in the simulated environment without inhibitor (control) and steel in the : Table 4
simulated environment containing inhibitor after two weeks of immersion under accelerated corrosion conditions.

Element| Blank | inhibitor

Fe 59.30 47.4
¢ 1910 46
0 5.10 20.1

K* 3.50 6.20
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Figure 10: Mapping EDX elemental analysis images of steel in a simulated environment without inhibitor (a) and steel in a
simulated environment containing pomegranate peel extract extracted in water/acetonitrile solvent 3% (b) after two weeks of
immersion under accelerated corrosion conditions.
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X-ray diffraction pattern of phases present in corrosion products formed on the steel surface exposed to concrete :Figure 11
simulant solution a) in the absence of inhibitor and b) in the presence of pomegranate peel extract extracted in water/acetonitrile
3%. solvent
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Bode diagrams of steel reinforcements immersed in concrete simulant solution without inhibitor :Figure 12

(control), 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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Nyquist plots of steel reinforcement immersed in concrete simulant solution without inhibitor (control), : Figure 13

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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Data from the electrochemical impedance of rebar in concrete simulant solution and simulant solution containing :Table.5
optimal concentrations of inhibitors after 3 months of immersion in long-term corrosion test conditions.

Sample Cons. Rs (Q.cm?) Rp(Q.cm?) | CPEa (uF.Cm?) | Yo(Q1S" n IE%
(Viv) cm?)
Blank 113 0.9539 -
Extract/water- 3% 14.3 41.24 10.6 0.9813 77.0
acetonitrile
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Polarization diagrams of steel in a simulator solution without inhibitors (control) and a simulator :Figure 14
solution containing optimal concentrations of inhibitors after 3 months of long-term test immersion.
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Data from steel polarization in a simulant solution without inhibitors (control) and a simulant solution : Table 6
containing optimal concentrations of inhibitors after 3 months of immersion in a long- term test.

Sample ‘ (OCP)IV ‘ Ba ‘ Bc ‘ Rp ‘ icorr ‘ IE%
(V/dec) (V/dec) (KQ.cm?) (mA/cm?) (mm/y)

Blank -0.488 6.10 7.85 3.37 0.22 2.50 -

Extract -0.311 0.063 71.3
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Schematic representation of the mechanism of corrosion inhibition of rebar by pomegranate peel extract.:Figure 15
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