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Inhibition effect of octadecyl trimethyl ammonium chloride on steel
in trichloroacetic acid

SHI Qian"*, MA Kim-qin;g” XU Reng'*, LI Xiang-hong' "
1. Key Lalwomstory of State Forestry and Grassland Administration an Highly-Efficient Utilization of Forestry Biomass Resources
in Southwest China , Southwest Forestry University, Kunmnsing 650224, China;

2, College of Materials and Chemical Engineering, Southwest Fosestry Unaversity , Knnnang 650224, China

Abstriect ; The inlibition effect of catbonic sufactant oetadecy] trinstbylaed ammonmion chlogide ] OTAL bon cold pallod steel{ CR3)
i irichlomacetie acid { CLOCOMH ) media was stisdied by weight loss nsethod and electrochemical nsetbod, The micromorphalogy of
the cobid-rlled steel surface was observed by scanning clectron micrscope { SEM ), and the hydrophilseity hydrophobscity of the
cold-rollal steel surace were determined by the contact angle. The results show that OTAC has a gosd comosion suppressson «ffeet
i O 10 mel + LY CLCCOOH salution. Inkibition cfficiency is positively comelated with the change of OTAC concentration , while

_12_



jouinsal of Mareriale Sowence & Techmology 283 (20A5) 71-87
Cantents lists available at Sciencelirect

Journal of Materials Science & Technology

journal hamepage: www.elsevier.comdlocateqmst

Research Article

Rapeseed cake meal extract as an eco-friendly green sustainable
inhibitor for the corrosion of cold rolled steel in trichloroacetic acid
solution
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Qian Shi*®, Shuduan Deng*”, Baomin Fan™", Dake Xu®, Juan Xu*", Xianghong Li*""
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The ichibitory propenties of rapeszed cake meal extract |RCME) on the corrosion of cold rolled steel (CRS)
m trichloroacetic acid (TCA| were systematically nvestigated using gravimetne, electrochemical, surface
charactenzations and theoretical caloulations. The results demonstrate that RCME exhibats excellent in-
hibitory performance with a maamum inkabiton efficency of 4927 X for W00 mg L' BCME at 20 7O
The adsorption of RCME obeys Langmair isctherm at 20 amd 30 °C, Temkin ssotherm at 40 °C, and Fre-
Keywank, undlich isotherm at 50 “C. RCME acts as a cathodsc inhibitor. The charge trarsfer resastance 15 increased
Rageseed cake med estract with the additbon of RCME, whale the double-layer capacitance decreases. SEM, AFM, CLSM, XP%, XRD and
el TOF-5IMS analyses confirm that the actree components in ROME adsorh omto the surface of CRS, forme
Trichkanacetc acid ing a protective film that effectreely inhabits the corrosion of CRS by TCA. Along with the increase in
ﬂ"_jmpl_'"n the concentration of RCME, the surface tension of the inhsbited solution gradually decreases, while the
Clrmiin Irisfhition electrical conductivity increases before stabilizing, HPLC-ME and FTIR analyses reveal natin, linolenic acd,
hinoleic acil and adenine are the effectree substances in RCME. Quantum chemical [QC) calculatsons and
molecular dynamic (M| simulations indicate that the active centers of the effective inhibitor malecules
are predominantly located on benzene rings, 0- or N-contaming heterocyclic rings, and functional groups
such as C=0 and C=C. Addsicnally, their main chains adsork onto the Fe (001) surface m an approox-

mately flat manner, imvelang both chemical and physical adsorption processes.
© 2004 Published by Elsevier Lid on behalf of The ednonal office of Joumal of Matenals Soence &
Techralogy.

1. Introduction liue 1o 875 billion [1). Considering the engaing trajectary ol ghalsal

serence and technology amound e world, fadure o adopt proac-

Metallic corrosion resulting [ram the inleraction between met-
als or alloys and aggressive media is an mevitable challenge, which
has been consistently proven to patential danger to both the econ-
ooy and the environment | 1], Carrasion, in essence, can detrimen-
cally impact specific components of a metal's pans or the entire
strwcture, gradually dimindshing its performance and inourring sub-
stantial costs Tor repairs. According to a survey performed in 2016,
corradion accounts for 2.5 trillson, or 3.4 3 of the gross domestic
product (GOP) 2] Implementing elleclive COrmosion Manigement
techmigues coubd patentially save around 15 % o 35 % of casts in-
curred, translating to annual glabal skvings ranging [rom 3375 bi-

* Crarespasding authos.
E-muakl ackfresses Tanbaossin @b cdecn {B. Fan), sargheag-li@e3 com {X Li]

i i o o) 10 10 B | fnst 202408 1035

tive measures lar the contrel and prevention of metal corrasion is
anticipated (o cause a conlinued edcalstion in cosis.

The use of inhibitors stands oul a8 3 cast-elfective amd elficient
strategy for preventing corrosion [4-3). During the metal pickling
process, the intreduction of mhiksars can significantly mingace
metal corrasion induced by acidic mediums through the creation
of a protective film via interface adsarption |9-11|. However, com-
mercial industrial mhibitors bave been somewhal constrained due
o the presence of persistent substances that accumulate the hag-
ardous compounds amd pode threats o human bealth as well as
the erviranment | 12]. Therelare, academse atlenion has turmed ta-
wiard the research of green corrasson inhibitars o achisve sustain-
able econamic and sacial develapment [13,14]. Yarous inhibilors
like plant extracts |15, 16] oral drugs |17] and flavars [ 18,19] have
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Rapeseed cake meal extract as an efficient plant-based inhibitor for the \ﬂ‘
corrosion of steel in Cl,CHCOOH: Experiments and molecular
modeling calculations

Qian Shi ™", Shuduan Deng ", Dake Xu“, Dandan Shao ™, Guanben Du ", Xianghong Li "
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ARTICLE INFQ ABSTRACT

Keywionle In alignment with the principles of envirenmentally sustainable practices, the inhibiton mechanism of rapeseed
Ripusved vk meel exiract cake meal extroct (RCME) an steel In dichloroacetic acld (C1CHOOOH) was investigated through the cambd-
Buuel ) natlon of experimental methodalogies and molecular modeling caleulaticons. The results indicate that REME
;m:.‘dil il achleves a peak inhibiton efficiency of 923 % in 010 M ClyCHCODH at 40 °C. The adsorpton of steel surfaces is
Inhebiticss consisient with Langmuir adsorption (sotherm, which Includes both physical and chemical adsorption processes.

Thearetical simulatioes show that amine ackds and purine compounds in REME contain active centers that
facilitate the creation of chemical bonds with Fe atoms, thereby collectively exenting inhibitory performance.
When these rwo types of compounds inceract in 19 ratio within REME, reduced free volume fraction is ohserved,
effectively diminishing the diffusion rate and mobdlity of commasive lons. Microscople marphedogical analyses
conducted using metallographle microscopy, SEM, AFM, and CLSM reveal poteworthy diminishment in the
corraslon degree of steel surface after the iniroduction of REME. KPS and TOF-SIMS provide evidence that
carban, ndirogen, and oaygen elements present in REME can form bonds with Fe atoms. RCME fumctions as a
mixed inbdbitor in ClHC00H with the electrachemical inhibidon mechandsm of “active sive blocking effect”.
Following the incorporation of RCME, charge transfer resistance rose, efficlently inhibiting the accurrence of
electrochemical corrasion reactions.

1. Introducticn 2016; Rameanzadeh et al., 20015; Gharbi et al., 2018). Based on this
situation, nom-toxic and efficient inhibitors derived from natural
Metallic materials are highly susceptible to cormosion due to pro. plant-based extracts have garnered significant attention from corrent

longed expogure to environment during their application in vafeus in- schilars, vwing to the standby merits of widely distribution, large in
dustrial and manufacturing engineering. In sddition to diminishing the quantity, eagily available, and renewable (Wan et al, 20223 Tan et al,
aperating lifespan of metallic sguipment, corrogon results in sigrificant 202%). Active components such as phenelic compounds, favonaids, al-
fimancial losses (LI et al., 2005; How et al., 2007, Therefore, it is urgent kaloids, and guinones are abundant in plant extracts, The moleolar

ta do fundamental reszarch on metallic corrasion and protection. In structures of thess active substances poses numerous palar atems (0,
comparizen 1o electrochemical protection and anti-corrasive coatings, K, 8), conjugated double and/or trhple bonds, and aromatic rings.
the inclusion of inhibitors i corrently the most economical Accordingly, they can adsarb on metallic surfaces to create protective

anti-corrasien bELhrI-LIII.I-SjI particularly in acidic media (Zhang et al, barmer flm that effectively protects metal substrates from enviran-
2019; Wang et al., 3024). However, in light of the corment glnb:ul. mental corrasion (Megm et al., 2010 Lebrini et al., 2005; Zhang et al.,
advovacy of green development, most traditional inhibitors have been 2011).

prohibited due to their hard-to-degrade residues (Umoren and Educk, Inorganic acids, being highly acidic, can cause severe corrosion o
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