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Abstract

The corrosion of CO, is a multifaceted process. This study investigated the impact of Syzygium
malaccense DNA in combating the corrosion of dissolved CO, in water on mild steel. The
increase in the concentration of CO, and of course the carbonic acid increases the corrosion rate
of mild steel by speeding up the cathodic reaction. However, with regards to inhibitor efficiency,
no evidence was found for a direct reaction of CO, on mild surface. The adsorption of Syzygium
malaccense DNA inhibitor in all the concentrations of dissolved CO, media on mild steel
surfaces obeyed the Freundlich adsorption isotherm as all linear correlation coefficient (R?)
values were close to 1. The inhibition mechanism was ascribed to the electrostatic interaction
ensued amid the negatively charged surface of the mild steel and the positively charge DNA
inhibitor molecule. All surfaces of tested samples were characterized by XRD and SEM. The

0 mg/L DNA in 1627 mg/L dissolved CO, led to formation of high rough surface. The XRD
patterns depict that the mild steel mainly constitutes Fe and FeCO:.

This is a preview of subscription content, log in via an institution to check access.

Similar content being viewed by others



" —

Appraising the corrosion inhibitory efficacy and adsorption mechanism of leaf
extract of Datura discolor on low-carbon steel in low pH media via gravimetric
experiments and AFM analysis

Article Open access30 October 2024

T o
4.0E03 r+ -+ '+ Te——i [
|
=, 3sE0 " -
- 2
B asea 1| i oo
| P
O O
= 10602 @
=] & o e E Ry
0.0 00 20
oo 1) 40 a0

T

Effects of Cinnamaldehvyde as an Eco-Friendly Corrosion Inhibitor on Mild Steel
in Aerated NaCl Solutions

Article 16 November 2019
AMITREACARFUS HIRTUS LEAVES

¥

—— METHANOL EXTRACT  |—

5 COLOURIMETRIC
MEASUREMENTS

ELECTE
M

Adsorption and Inhibitive Action of Mitracarpus Hirtus Extract Towards the
Corrosion of Mild Steel in H.SO, Medium

Article 19 April 2020
References

e Abeng FE, Idim VO, Obono O, Mago TO (2017) Adsorption and adsorption isotherm:
application to corrosion inhibition studies of mild steel in 2 M HCI. World Sci News
77(2):298-313

CAS Google Scholar

e Abeng FE, Ikpi ME, Anadebe VC, Emori W (2020) Metolazone compound as corrosion
inhibitor for API 51 X-52 steel in hydrochloric acid solution. Bull Chem Soc Ethiop
34(2):407-418. https://doi.org/10.4314/bese.v34i2.16




Article CAS Google Scholar

Agboola O, Achile F, Fayomi OS, Sanni SE, Abatan O, Sadiku ER, Popoola P, Mubiayi
MP, Akinlabi ET, Makhatha ME, Adedoyin T, Ekere I (2019a) Adsorptive performance
mechanism of the DNA of calf thymus gland (CTGDNA) on 3CR12 stainless steel as
corrosion inhibitor in acidic medium. J Bio Tribo Corros 52:1—

17. https://doi.org/10.1007/s40735-019-0245-5

Article Google Scholar

Agboola O, Adedoyin T, Sanni SE, Fayomi SO, Omonidgbehin EA, Adegboye BE,
Ayoola A, Omodara O, Ayeni AO, Popoola P, Sadiku R, Alaba PA (2019b) Evaluation
of DNA from Manihot Esculenta Leaf (cassava leaf) as corrosion inhibitor on mild steel
in acidic environment. Anal Bioanal Electrochem 10(11):1304—1328

Google Scholar

Agboola O, Kupolati KW, Fayomi OSI, Ayeni AO, Ayoola A, Akinmolayemi JJ,
Oladokun O, Sadiku R, Oluwasegun KM (2022) A Review on corrosion in concrete

structure: inhibiting admixtures and their compatibility in concrete. J Bio Tribo Corros
8:25

Article Google Scholar

Aloui S, Forsal I, Sfaira M, Touhami M, Taleb M, Baba MF, Daoudi M (2009) New
mechanism synthesis of 1,4-benzothiazine and its inhibition performance on mild steel in
hydrochloric acid. Port Electrochimica Acta 27(5):599—

613. https://doi.org/10.4152/pea.200905599

Article CAS Google Scholar

Chakravarthy MP, Mohana KN (2014) Adsorption and corrosion inhibition
characteristics of some nicotinamide derivatives on mild steel in hydrochloric acid
solution. Corros. https://doi.org/10.1155/2014/687276

Article Google Scholar

Chemical equation
(2022) https://chemequations.com/en/?s=NaHCO3+%2B+C6H807+%3D+Na3C6H507
+%2B+C0O2+%2B+H20 Retrieved 15 Mar 2022

Claisse PA (2016) Civil engineering materials, 1st Edn. https://www.amazon.com/Civil-
Engineering-Materials-Peter-Claisse/dp/0081002750

Dahdele J, Danaee T, Rashed GR (2016) Thermodynamic and adsorption isotherm of N,
N'-BIS(2,4,6-TRIHYDROXYACETOPHENONE)-2,2 DIMETHYLPROPANDIIMINE

as a corrosion inhibitor on sa-210 steel in alkaline nacl solution. J Chil Chem Soc
6(3):3025-3030. https://doi.org/10.4067/S0717-97072016000300003




Article Google Scholar

De Motte RA, Barker R, Burkle D, Vargas SM, Neville A (2018) The early stages of
FeCO; scale formation kinetics in CO, corrosion. Mater Chem Phys 216:102—
111. https://doi.org/10.1016/;.matchemphys.2018.04.077

Article CAS Google Scholar

Demeke T, Jenkins GR (2010) Influence of DNA extraction methods, PCR inhibitors and
quantification methods on real-time PCR assay of biotechnology-derived traits. Anal
Bioanal Chem 396(6):1977—1990. https://doi.org/10.1007/s00216-009-3150-9

Article CAS PubMed Google Scholar

Estorey (2018) Study reveals $1.4 billion annual corrosion costs for oil and gas industry.
Ultra Filtrex Pipeline Filtration. https://www.ultrafiltrex.com/2018/08/study-reveals-1-4-
billion-annual-corrosion-costs-oil-gas-industry/ Retrieved 3 Nov 2021

Hach Company (2015) Carbon dioxide titration. Hach Company/Hach Lange GmbH,
2007-2015. https://www.hatch.com

Han J, Carey JW (2011) Localized CO, corrosion propagation at moderate
FeCO; supersaturation initiated by mechanical removal of corrosion scale. J Appl
Electrochem 41:1367—-1371. https://doi.org/10.1007/s10800-011-0337-5

Article CAS Google Scholar

Hu K, Zhuang J, Ding J, Ma Z, Wang F, Zeng X (2017) Influence of biomacromolecule
DNA corrosion inhibitor on carbon steel. Corros Sci 125:68—
76. https://doi.org/10.1016/j.corsci.2017.06.004

Article CAS Google Scholar

Ituen E, Akaranta O, James A (2017) Evaluation of performance of corrosion inhibitors
using adsorption isotherm models: an overview. Chem Sci Inter J 18(1):1-34

Article Google Scholar

Kermani MB, Morshed A (2003) Carbon dioxide corrosion in oil and gas production-A
compendium. J Sci Eng Corros 69(8):659-683

Google Scholar

Kontanis EJ, Reed FA (2006) Evaluation of real-time PCR amplification efficiencies to
detect PCR Inhibitors. J Forensic Sci 51:795-804. https://doi.org/10.1111/].1556-
4029.2006.00182.x

Article CAS PubMed Google Scholar




Kumaran ST, Baranidharan K, Uthayakumar M, Parameswaran P (2021) Corrosion
studies on stainless steel 316 and their prevention—a review. Incas Bull 13(3):245-251

Article Google Scholar

Luu T (2021) Corrosion, corrosion prevention & solutions in system of pipelines. Centria
University of Applied Sciences, Kokkola

Google Scholar

Okafor PC, Liu CB, Liu X, Zheng YG (2009) Inhibition of CO, corrosion of N80 carbon
steel by carboxylic quaternary imidazoline and halide ions additives. J Appl Electrochem
39:2535-2543. https://doi.org/10.1007/s10800-009-9948-5

Article CAS Google Scholar

Refaey SAM, Taha F, Abd El-Malak AM (2006) Corrosion and inhibition of 316 L
stainless steel in neutral medium by 2-mercaptobenzimidazole. Int J Electrochem Sci
1:80-91

CAS Google Scholar

Sparkel team (2019) https://sparkel.com/pages/how-it-works. Retrieved 15 Dec 2021

Tan Y, Huang Y, Mansfeld F (2014) Testing and analysis techniques in rare earth
inhibitor research. Rare earth based corrosion inhibitors. Woodhead Publishing, Sawston,
pp 38-83

Chapter Google Scholar

Verma C (2021) Handbook of science & engineering of green corrosion inhibitors:
modern theory, fundamentals & practical applications, 1st edn. Amsterdam, Elsevier

Google Scholar

Verma C, Ebenso EE, Quraishi AA, Hussain CM (2021) Recent developments in
sustainable corrosion inhibitors: design, performance and industrial scale applications.
Mater Adv 2:3806-3850

Article CAS Google Scholar

Yari M (2020) The 6 corrosive components that can be found in crude oil.
Corrosionpedia. https://www.corrosionpedia.com/the-6-corrosive-components-that-can-
be-found-in-crude-o0il/2/1424. Retrieved 3 Nov 2021

YiDong C, PengChao G, Dameng L, ShiYu C, Junlai L (2010) Comparative study on
CO; corrosion behavior of N80, P110, X52 and 13Cr pipe lines in simulated stratum
water. Sci China Tech Sci 53(4):1-8. https://doi.org/10.1007/s11431-010-3093-6




Article CAS Google Scholar

Download references

Funding

No funding was received to assist with the preparation of this manuscript.

Author information

Authors and Affiliations

1. Department of Chemical Engineering, Covenant University, Ota, Nigeria
Oluranti Agboola, Boluwatife Bakre, Olagoke Oladokun, Augustine Omoniyi
Ayeni & Olayemi Odunlami

2. Department of Mechanical and Biomedical Engineering, Bells University of
Technology, Ota, Ogun State, Nigeria
Ojo Sunday Isaac Fayomi

3. Department of Chemical, Metallurgical and Materials Engineering, Tshwane
University of Technology, Pretoria, South Africa
Rotimi Sadiku, Amos Adeniyi & Patricia Popoola

Corresponding author

Correspondence to Oluranti Agboola.

Ethics declarations

Conflict of interest

The authors declare that they have no conflict of interest.

Additional information

Publisher's Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Rights and permissions

Reprints and permissions

About this article




Cite this article

Agboola, O., Bakre, B., Oladokun, O. et al. Effect of dissolved CO. and Syzygium
malaccense leaf DNA concentrations on carbon steel within a carbonic acid
equilibrium. Chem. Pap. 76, 5497-5511 (2022). https://doi.org/10.1007/s11696-022-
02268-z

Download citation

Received06 February 2022

Accepted04 May 2022

Published22 May 2022

Issue DateSeptember 2022
DOlhttps://doi.org/10.1007/s11696-022-02268-z

Keywords

Syzvaium malaccense DNA
Dissolved CO,
Inhibition mechanism

Adsorption isotherm
SEM
XRD

Access this article

Log in via an institution

Subscribe and save

Springer+ Basic
€32.70 /Month

Get 10 units per month

Download Article/Chapter or eBook
1 Unit = 1 Article or 1 Chapter
Cancel anytime

Subscribe now




Buy Now

Buy article PDF 39,95 €

Price includes VAT (Nigeria)
Instant access to the full article PDF.
Institutional subscriptions

e Sections
o Figures
e References

b BooksAz ]
165.73.223.224

Covenant University Ota (3006481499)

© 2025 Springer Nature



