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Investigating the effect of pea pods as a green inhibitor on sweet corrosion of low

carbon steel
Ashkan kargozari, Shahin khameneh asl

Abstract:

Sweet corrosion is a type of corrosion in the oil industry in which CO2 gas reacts with water to form carbonic acid, which causes
corrosion in steel. One of the methods of combating corrosion is the use of corrosion inhibitors. In this study, the natural inhibitory
effect of pea pod extract as a new corrosion inhibitor for low carbon steel used in the gas industry (API 5L X42) was investigated
in a 3.5 wt% NaCl solution saturated with CO: at different concentrations. Electrochemical methods such as polarization test and
electrochemical impedance spectroscopy were used. The results showed that the minimum surface roughness in the extract at a
concentration of 100 ppm was 607.20 nm and also the best effectiveness of the extract with a percentage of IE = 69.76 at a
concentration of 100 ppm compared to other concentrations. The results obtained from SEM and XRD indicate the formation of a
protective layer on the surface of the samples and the function of the extract as a mixed inhibitor.

Keywords: green corrosion inhibitors, sweet corrosion, electrochemical properties, electrochemical impedance
spectroscopy, polarization
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Table 1. Chemical composition of steel API 5L X4
(WE%) (F390w0 )0 s> 5 molie

C Mn Si P S Cr Ni Nb Ti
0.2 1.18 0.1 0.025 0.01 0.4 0.4 0.035 0.02

(V1) (55,5 9555 e 51+ [o,5 (Lodogrse plood Sl 5 ¥ Jgar

Table 2. Chemical compounds (mg/100 grams of peas)(12)
palS ol S50 pa e — p BESH
803 10.7 3.28 1.029 1.078 47.37 0.59
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Figure 1. Schematic and image of the set of equipment equipped for electrochemical analysis
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Figure 2. FTIR/ATR diagram taken from the extract and steel surface immersed in 3.5 wt% NaCl solution saturated
with CO, containing 100 ppm inhibitor
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Table 3. Functional groups found in different inhibitory wavelengths and steel samples immersed in 3.5 wt% NaCl
solution saturated with CO;

Class structure wavelength Connection
Alcohols RCH20H O-H stretch
Alcohols R2CHOH 3553 O-H stretch
Alcohols R3COH O-H stretch

Misc. =NOH Oxime =NOH(OH stretch)
Amides RCONH2 1626 NH out of plane

Misc. C=N C=N
Alkanes RCH2CH3 1467 CH2 and CH3
Alkanes -CH2- -CH2-
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B
Alkyl halides R-F C-F stretch
Misc. N-O amine oxide N-O aromatic
Carboxylic acides RCO-OH 1225 C-O stretch
Esters RCOOR C-O stretch
Alkyl halides CH2X C-H wag (-CH2X)
Alkyl halides R-F C-F stretch
Alcohols R2CHOH C-O stretch
Ethers R-O-R 1105 C-O stretch
Misc. C=S thiocarbonyl C-S thiocarbonyl
Carboxylic acides RCO-OH C-O stretch
Esters RCOOR C-O stretch
Alkynes RC#CH 666 #C-H bend
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Figure 3. Polarization diagrams taken from the steel surface immersed in 3.5 wt% NaCl solution saturated with CO;
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in different gels of pea pod extract as an inhibitor after 30 minutes Immersion .
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Table 4: Electrochemical characteristics obtained from the polarization test

|E(%) bc ba icorr Ecorr odi losk edale
(mV dect) (mV dect) (LA cm?) (mV) (ppm)
0 23.5 51.2 4.63 607 0
354 25.5 26.6 2.99 562 50
69.76 354 30.5 14 603 100
26.1 52.1 34.5 3.42 501 250
50.3 50.7 27.1 2.33 507 500
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Figure 4. Nyquist diagrams taken from the steel surface immersed in 3.5 wt% NacCl solution saturated with CO; in
the absence of inhibitor and different inhibitor concentrations of pea pod extract
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Figure 5. Phase/module wind diagrams taken from the surface of steel immersed in 3.5 wt% NaCl solution saturated
with CO; in the absence of inhibitor and different inhibitor concentrations of pea pod extract
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Figure 6. Proposed electrical circuit for the extract inhibition system of this research
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Table 5. Impedance parameters obtained from steel samples immersed in 3.5 wt% NaCl solution saturated with CO;
in different inhibitor concentrations .

Rct CPE Rs n . o
(Qcm?) Yo n (Qcm?) (%) ool clale
(mQ cmr (ppm)
an)

457 3.42 0.69 8.031 0
718.3 2.34 0.66 9.321 36.37 50
1471 1.976 0.7668 11.9 68.9 100
910.2 1.077 0.545 11.49 49.7 250
664.1 0.397 0.568 9.675 31.18 500
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Figure 7. Topography for steel samples immersed in 3.5 wt% NaCl solution saturated with CO in different inhibitor
a) 0 ppm b) 50 ppm, ¢) 100 ppm, d) 250 ppm, e) 500 ppm concentrations
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Figure 8. Surface morphology of steel samples immersed in 3.5 wt% NaCl solution saturated with CO- at different
inhibitor concentrations a) 0 ppm, b) 50 ppm, ¢) 100 ppm, d) 250 ppm, €) 500 ppm
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Table 6. The results of X-ray energy diffraction spectroscopy for steel samples immersed in 3.5 wt% NaCl
solution saturated with CO in different inhibitor concentrations

Fe C O Cl olojb cdale
(Wt%) (Wt%) (Wt%) (Wt%) (ppm)
80.82 9.84 9.18 0.16 0
88.48 8.49 2.72 0.31 50
71.69 15.63 12.53 0.15 100
82.06 10.91 6.87 0.15 250
82.37 12.22 5.26 0.14 500
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Figure 10. The pattern obtained from the XRD test taken from the steel surface immersed in a solution of 3.5 wt%
NaCl saturated with COz in the absence of inhibitor (a) and containing 100 ppm of pea pod extract inhibitor (b)
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Figure 11. The spectrum obtained from the UV-VIS test in 3.5 wt% NaCl solution saturated with CO; in the absence
and presence of pea pod extract as an inhibitor
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Figure 12. Physical adsorption scheme of inhibitor in HCI medium on the
metal surface [35].
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