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Abstract: The field of corrosion has recently been
considered a productive field for scientific research. With
the increasing use of metals in several industrial fields,
such as metal construction, the construction of arches
and the automobile industry, the problem of corrosion is
an important issue. To solve the corrosion problem of
metal materials, several methods have been discovered
to combat this phenomenon, such as process control,
cathodic protection, organic and inorganic coatings.
Nonetheless, the presentation of corrosion inhibitors,
particularly organic inhibitors, stays the least expensive
and simplest technique for the insurance of metals against

consumption in acidic media. In this work, it was summed
up the strategies for amalgamation and portrayal of newly
innovative heterocyclic complexes from 8-hydroxyquino-
line, their inhibition performances for M-steel, C40E
steel and C35E steel in acidic conditions, for example,
hydrochloric acid, sulfuric acid, etc.

Keywords: 8-hydroxyquinoline; corrosion inhibitors; mild
steel; electrochemical techniques; electrochemical imped-
ance spectroscopy

1 Introduction

Corrosion of metallic materials is a significant issue in the
chemical industry, leading to loss of material properties,
economic losses, and environmental risks, with an
estimated 3–4 % of global GDP spent annually to combat
these issues (Groysman 2017a; Koch et al. 2005). This
corrosion occurs as both a chemical and physical process
on metal surfaces in various environments, including
aqueous, gaseous, and atmospheric, leading to reactions
that form corrosion products like rust on metals such as
iron, aluminum, magnesium, copper, and zinc (Obot and
Gasem 2014; Groysman 2010; Cramer and Covino 2005;
Quadri et al. 2022). Tomitigate this, corrosion inhibitors are
widely used, especially in aqueous environments, where
they form a protective film on metal surfaces through
water-soluble electrochemical interactions, effectively
preventing corrosion (Aslam et al. 2022; Douche et al. 2020;
Umoren and Solomon 2014a,b). These inhibitors include
diverse substances like ionic liquids, phytochemicals, plant
extracts, and graphite-based nanomaterials, each offering
unique benefits in terms of adsorption, efficiency, and
environmental impact, with some being notably cost-
effective and eco-friendly (Leonel et al. 2021).

Amongst the most common and flexible chemical
molecules, 8-hydroxyquinoline is a crystalline organic
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substance containing 2 rings: a phenyl ring is bonded to
another circle of pyridine. It is indicated that the melting
point of 8-hydroxyquinoline is 73.6 °C and its boiling point is
265.6 °C. 8-Hydroxyquinoline is soluble in acetone, ethanol,
chloroform, in most organic solvents and insoluble in water.
8-Hydroxyquinoline and its derivatives were widely used
in many areas such as the pharmaceutical, agronomic,
pharmacological, biological, analytical and electrochemical
industries (Al-Farhan et al. 2021; Cipurković et al. 2021; Rbaa
et al. 2022). Therefore, the synthesis of 8-hydroxyquinoline
(8-HQ) derivatives is more interesting in modern corrosion
protection as an effective corrosion inhibitor. Moreover,
8-HQ exhibits typical phenolic properties because of the
presence of the phenolic group, showing that 8-HQ is
comfortable for many structural changes and chemical
reactions, such as molecular rearrangements, diazonium
coupling and electrophilic aromatic substitution. Also, 8-HQ
makes good monoprotic bidentate chelating agents with a
different metal ions, such as Ni2 +, Fe3+, Al3+, Cd2+, Mn2 +, Mg2 +,
Bi2 +, Mn2+ and Cu2 +. This is due to their proximity to hetero-
cyclic nitrogen. Currently, the 8-HQmodificationwithavarious
range of substitutions is interestingly used for the corrosion
protection of steel in the acidic environment (Jiang et al. 2020;
Martins et al. 2004; Pytlakowska 2016; Tian et al. 2015).

This research is motivated by the significant impact of
corrosion on metallic materials in the chemical industry,
resulting in material property loss, economic losses, and
environmental risks.

In this work, it was summed up the strategies for
amalgamation and portrayal of newly innovative heterocy-
clic complexes from 8-hydroxyquinoline, their inhibition
performances for M-steel, C40E steel and C35E steel in acidic
conditions, for example, hydrochloric acid, sulfuric acid, etc.
The data included in this review are studies that were
recently published in scientific journals last year (2020).
This research work is a breakthrough for the literature in
the field of corrosion as it targets scientific researchers,
academics, and professionals in the corrosion field.

2 Synthesis methods and
description for new derivatives
associated with
8-hydroxyquinoline

Rouifi et al. (2020) synthesized two new heterocyclic com-
pounds based on a reaction between 5-chloromethyl-8-
hydroxyquinoline hydrochloride (5-CMH) and bi-nucleophiles
in the presence of NaHCO3 dissolved in (THF) for 24 h; the

reaction procedure was indicated in Figure 1. Thin-layer
chromatography tracks the reaction and cleanses the solid
obtained through silica column chromatography (dichloro-
methane/hexane 85:15) to detect two heterocyclic compounds
derived from 8-hydroxyquinoline 5-(aminooxy)methyl)quino-
line-8-ol (AMQN) and 5-(hydrazinylmethyl)quinoline-8-olol
(HMQN). IR and NMR spectroscopy were used to prove the
molecular structure of obtained products.

Rbaa et al. (2020c) formulated new families of
8-hydroxyquinoline-based heterocyclic compounds, namely 5-
((2-bromoethoxy)methyl)quinoline-8-ol (QC2-Br) and 5-(3-bro-
mopropoxy)methyl)quinoline-8-ol (QC3-Br); it was also
studied their corrosion inhibition performance for mild
steel in aggressive hydrochloric acid medium. The
researchers synthesized these derivatives in the presence
of triethylamine (Et3N) throughout tetrahydrofuran
(THF) at 8-h reflux (Figure 2) and condensing 5-hydrox-
ymethyl-8-hydroxyquinoline with the equivalent of the
compounds bearing nucleophilic groups. To characterize
these products, the following methods have been used:
IR, NMR, and AE.

Douche et al. (2020) (Douche et al. 2020) synthesized the
new cyclic compounds, from the substrates (1a or 1b),
paraformaldehyde and morpholine (or piperidine) in EtOH
for 4 h in a controlled atmosphere (N2). The solvent was
evaporated at low pressure and the resulting solid was
cooled, filtered and vacuum-dried in cold ether (Figure 3).
Then, three new heterocyclic compounds, which are
5-(azidomethyl)-7-(morpholinomethyl)quinolin-8-ol (HM1),
2-(8-hydroxy-7-(morpholinomethyl)quinolin-5-yl)acetoni-
trile (HM2) and 5-(azidomethyl)-7-(pipéridin-1-ylméthyl)

 

Figure 1: Synthases procedure of HMQN and AMQN.

Figure 2: Compounds’ synthetic path: QC3-Br and QC2-Br.
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quinolin-8-ol (HM3) have been identified by the spectro-
scopic methods.

Rbaa and Lakhrissi (2019) discovered and develop new
heterocyclic compounds. Rbaa andhis colleagues extracted a
new sequence of oxathiolane and triazole by condensing
2-(8-hydroxyquinoline-5-yl) acetonitrile ((5-CNMHQ) and
bi-nucleophilic compounds in ethanol (EtOH) for 8 h via the
presence of (NaOH) throughout reflux (Figure 4). The com-
pounds obtained by silica column chromatography (acetone/
hexane 85:15) were purified and accompanied by recrystal-
lization in absolute ethanol to obtain the compounds
5-(1,3-oxathiolan-2-yl)methyl)quinolin-8-ol (Q-Ox) and 5-(4,5-
dihydrothiazol-2-yl)methyl)quinolin-8-ol (Q-T), then they
were characterized by the traditional spectral methods.

El Faydy et al. (2020b) developed the heterocyclic com-
pounds by introducing two compounds with the following
names: 7-((4-(4-chloro phenyl)piperazin-1-yl) methyl) quino-
lin-8-ol (CPQ) and 7-((4-methyl piperazin-1-yl) methyl)quino-
lin-8-ol (MPQ) (Figure 5). The above new products have been
synthesized by a typical Mannich reaction from quinolin-8-

ol, paraformaldehyde, and piperazine derivatives, for 3 h
reflux. To extract chemical compounds from impurities
with excellent yields, it was used silica gel column chro-
matography (eluent, petroleum ether: acetone = 2:8). NMR
spectroscopy, IR, and elemental analysis have been per-
formed to confirm the chemical structure of studied
compounds.

Fardioui et al. (2021) researched the reaction between
alginate and 5-chloromethyl-8-hydroxyquinoline in distilled
water to achieve the chemical 8-hydroxyquinoline-g-Algi-
nateis (HQ-g-Alg) (Figure 6). To determine thefinal structure
of this product, the experts used recognized techniques
FT-IR and (1H,13C NMR).

Abbout et al. (2021) investigated two additional 8-
hydroxyquinoline conjugates, called N-((8-hy-droxyquinoline-
5-yl)methyl)-4-methylpiperazine-1-carbothio-amide (HQMC)
and N-((8-hydroxyquinoline-5-yl)methyl)-4-phenylpiperazine-
1-carbothioamide (HQPC), which were produced through
5-thiocyanthyl-8-hydroxyquinoline and triethylamine reaction
in absolute THF at 12 h reflux (Figure 7). To extract these new

Figure 3: Synthetic scheme of HM1, HM2 and HM3.

Figure 4: Syntheses procedure of Q-OX and Q-T.

Figure 5: Synthetic pathway of CPQ and MPQ.
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substances with a fair yield equal to 73% for both, the authors
resorted to silica gel column chromatography (hexane/CH2Cl2
9:1 to 4:6) to obtain pure products without impurities stuck. It
was used the NMR and EA to identify the molecular structure.

Rbaa et al. (2020b) havemade the combination between
5- chloromethyl-8-hydroxyquinoline (5-CMHQ) and chito-
san (CH) in water to create another compound with some
interesting properties. The condensation process was
performed for 72 h at room temperature (Figure 8). The
target product (5-chloromethyl-8-hydroxyquinoline modified
with chitosan (CH-HQ)) at a good yield equal to 98% and
the obtained structure was characterized by spectroscopic
methods of 1H NMR and FT-IR.

El Faydy et al. (2020a) have extracted 2 new salts based on
5-alkythio-8-hydroxyquinoline to be tested as anticorrosive
agents of C22E steel in a solution of hydrogen chloride
(Figure 9). The saltswere formulated byanalkylation reaction
of 8,8′-dihydroxy-5,5′-diquinolyl disulfide with alkyl bromide
(R-Br) alcoholic solution in ethanol (EtOH) in the presence of
sodium hydroxide (NaOH) to get 86% and 82%, respectively,
of the compounds sodium5-methylthio-8-hydroxyquinolinolate
(SMQ) and sodium 5-propylthio-8-hydroxyquinolinolate (SPQ).
(1H, 13C) NMR and EA determined the structures of the
synthesized compounds.

Fakhry et al. (2021) introduced another quinoline by
condensing 4-(dimethylamino) benzaldehyde with 5-amino-
methyl-8-hydroxyquinoline (5-AMHQ) into triethylamine
N(Et)3 and ethyl acetic acid derivative ACOEt at reflux for
12 h (Figure 10). The resulting residue was treated using
chromatography of the hexane/acetone column (8:3 to 1:9 v/v)
to attain an eventual product in the form of a white solid
and with a 63% yield. The molecular structure of this
compound called 5-(((4-(dimethylamino)benzylidene)amino)
methyl)quinoline-8-ol (MABQ) was detected by the normal
spectral methods (NMR and EA) analysis.

Hassan et al. (2020) indicated a simple strategy with a
respectable yield in other quinoline syntheses. This method
involves condensing triethylenetetramine (TETA) methyl
quinoline-2-carboxylate into dry dioxane under reflux for 5 h
to acquire the ideal compound, namely: N,N′-((ethane-1,2-
diylbis(azanediyl))bis(ethane-2,1-diyl))bis(ethane-2,1-diyl)
(quinoline-2-carboxamide). (QATETA) (Figure 11). After
the synthesis stage, Hassan and colleagues recognized
this product via the standard spectral methods (NMR and
FT-IR).

Figure 6: Structures of alginate and modified
alginate.

Figure 7: Synthesis of HQMC and HQPC.

Figure 8: The synthetic route of CH-HQ. Figure 9: Synthetic path of 5-alkylthio-8-hydroxyquinolinolates.
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Rbaa et al. (2020a) introduced the new glucose
derivatives based on 8-hydroxyquinoline, which have
been synthesized and applied to the field of corrosion
(Figure 12). It was synthesized these derivatives by
condensing epoxy-glucose derivatives with 5-hydroxymethyl-
8-hydroxyquinoline (5-HMHQ) in the presence of Et3N in
acetonitrile at reflux for 48 h to obtain the chemicals (GQ-6)
and (GQ-12) with yields of 85% and 82%. After this, these
products were subsequently characterized by the usual
methods (IR and 1H, 13C NMR).

3 Critical analysis in synthesis
methods and description for new
derivatives associated with
8-hydroxyquinoline

When critically evaluating the synthesis methods and
descriptions for new derivatives associated with 8-hydrox-
yquinoline, several key aspects emerge:

Variety in synthesis approaches: the research con-
ducted by different groups in 2020 demonstrates a wide
array of synthesis methods, from Mannich reactions to
reflux processes using various solvents and reactants. This
diversity showcases the chemical versatility of 8-hydrox-
yquinoline and its derivatives (Alamshany and Ganash
2019; Pivarcsik et al. 2022; Rohini et al. 2020). However, it
also indicates a lack of standardization in synthesis
methods, which could pose challenges in comparing results
and replicating studies.

Complexity and efficiency: somemethods, like those used
byDouche et al. and Fardioui et al. involvemultiple steps and
specific conditions (e.g., controlled atmosphere, precise
temperature control), indicating a high level of complexity.
While this complexity might be necessary for the synthesis
of certain derivatives, it raises questions about the
scalability and efficiency of these processes for practical
applications (Assad and Kumar 2021; Baitule et al. 2021;
Balaskas et al. 2015; Sharma et al. 2021).

Purity and yield: the use of chromatography for purifi-
cation, as noted in many studies, is a standard and effective
technique. However, the yield percentages and the purity

Figure 10: Structure of MABQ compound.

Figure 11: Formation of QATETA.

Figure 12: Compound synthesis (GQ-6) and (GQ-12).
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of the final products are not always mentioned. High yields
and purity are crucial for the commercial viability of these
compounds, especially in pharmaceutical and industrial
applications (Kaczerewska et al. 2018; Liu et al. 2019;Wu et al.
2018).

Characterization techniques: the widespread use of
NMR and IR spectroscopy for characterizing the molecular
structure of the synthesized compounds is a strength, as
these are reliable and well-established methods. However,
there’s a lack of information on the functional properties of
these new derivatives, which is critical for understanding
their potential applications (Alamshany and Ganash 2019;
Li et al. 2003; Patel and Patel 2017; Rajasekaran et al. 2010).

Application focus: while some studies, like those by Rbaa
et al. and El Faydy et al. focus on the potential applications of
the derivatives (e.g., corrosion inhibition), others primarily
concentrate on the synthesis process (Oliveri and Vecchio
2016; Yin et al. 2011; Rbaa et al. 2019). A more application-
oriented approach could provide a better understanding of
the practical utility of these compounds.

Environmental and safety considerations: the use of
various chemicals and solvents in these synthesis processes
raises concerns about environmental and safety implica-
tions. There’s limited discussion on the environmental
impact and safety profiles of these synthesis methods, which
is crucial in the context of sustainable chemistry practices
(Julien et al. 2017; Cseri et al. 2018; Connolly et al. 2018; Ina-
muddin and Asiri 2020; Cioc et al. 2014).

In summary, while the research in 2020 on 8-hydrox-
yquinoline derivatives showcases significant progress and
chemical diversity, there are areas for improvement in
terms of standardization, efficiency, application focus, and
environmental considerations (Gupta et al. 2021). Under-
standing these aspects is vital for advancing the practical
applications of these compounds in various fields.

3.1 Comparison analysis

The comparison of various synthesis methods for
8-hydroxyquinoline (8-HQ) derivatives as acidic corrosion
inhibitors reveals significant insights into the evolving
landscape of corrosion protection technology (Table 1).
It was found the following main points:
– Nine synthesis methods yield derivatives with special-

ized applications. For instance, derivatives from soni-
cation show enhanced performance in HCl solutions,
whereas those from irradiation are more suited for
H2SO4 environments. This specificity underlines the

potential for tailor-made solutions in corrosion inhibi-
tion (Galai et al. 2021; Gerengi et al. 2016a; Obot et al.
2017; Oubaaqa et al. 2022b).

– Techniques like irradiation and hydrothermal synthesis
produce derivatives with improved chemical stability
and reactivity. These modifications enhance the inter-
action with metal ions, crucial for effective corrosion
inhibition in more aggressive environments (Groysman
2017b).

– Green synthesis and biosynthesis methods emphasize
environmental compatibility and reduced toxicity.
The use of natural extracts and biologically synthesized
derivatives aligns with the growing demand for
eco-friendly corrosion inhibitors (Bakhshipour et al.
2022; Bennamara and Abourriche 2020; Jones 1963;
Pippi et al. 2019).

– The application of cutting-edge techniques like nano-
structuring (sol-gel process) and electronic modifica-
tion (electrochemical synthesis) introduces derivatives
with superior properties like higher surface area
interaction and targeted electron transfer, broadening
the scope of 8-HQ in modern industrial applications
(Berdimurodov et al. 2022; Mastouri et al. 2014; Daha-
ghin et al. 2017).

– Derivatives from methods like chemical vapor deposi-
tion and chemical reduction offer enhanced durability
and thermal stability, making them suitable for extreme
conditions. This robustness is critical in industrial
settings where long-term protection is essential (Kumar
et al. 2008).

– With an increasing focus on environmental protection,
synthesis methods yielding biodegradable and less toxic
derivatives aregainingprominence. This approachnot only
ensures effective corrosion inhibition but also minimizes
environmental impact (Rahman et al. 2021).

– Each synthesis method produces derivatives with unique
properties, indicating a shift towards customized solutions
for diverse corrosion challenges. For instance, nano-
structured 8-HQcan tacklemicro-corrosive environments,
while polymeric integration addresses extreme pH
conditions (Boztepe et al. 2021; Brandel et al. 2009).

In conclusion, the diversity in synthesis methods for 8-HQ
derivatives reflects an advanced understanding of corrosion
mechanisms and a move towards more targeted, sustain-
able, and effective corrosion inhibition strategies. This
variety ensures that there are options available for a
wide range of industrial applications, each with its unique
set of challenges.
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3.2 Critical analysis in synthesis comparison
of 8-HQ

The differentiation in synthesis methods leading to
derivatives with specialized applications is a double-edged
sword. While it enables tailor-made solutions for specific
environments (e.g., sonication for HCl solutions, irradiation
for H2SO4), it also implies a limitation in the versatility of
each derivative. This specialization might restrict the broad
applicability of a single derivative across various corrosion
environments. The use of advanced synthesis techniques
like irradiation and hydrothermal synthesis, which enhance
chemical stability and reactivity, is commendable (Yin et al.
2011). However, these methods often require sophisticated
equipment and controlled conditions, which may increase
the cost and complexity of production. The emphasis on
green synthesis and biosynthesis methods aligns with the
global trend towards environmental sustainability. While
these methods offer reduced toxicity and environmental
compatibility, there might be trade-offs in terms of the
efficiency and stability of the corrosion inhibitors
compared to more conventional methods. Techniques like
nanostructuring and electronic modification introduce
derivatives with superior properties. However, the long-
term effects and potential environmental impact of

nanoparticles and electronically modified compounds in
real-world applications remain areas for further research
(Royzen and Canary 2013). Methods like chemical vapor
deposition and chemical reduction that offer enhanced
durability and thermal stability are crucial for industrial
applications. Nonetheless, there’s a need to balance this
durability with cost-effectiveness and ease of application.
The shift towards synthesis methods yielding biodegradable
and less toxic derivatives is a positive development. How-
ever, ensuring these eco-friendly derivatives are as effective
as traditional inhibitors is a significant challenge. The
move towards customized solutions for diverse corrosion
challenges is a significant advancement. It highlights the
potential for targeted corrosion inhibition strategies (Seif-
zadeh et al. 2013). However, this customization requires
a deep understanding of the specific corrosion environment
and may lead to increased costs and complexity in inhibitor
development. In conclusion, while the diversity in synthesis
methods for 8-HQ derivatives demonstrates progress in
corrosion inhibition technology, it also brings forth
challenges such as cost, complexity, environmental impact,
and the need for a balance between specialization and
versatility. Future research should focus on optimizing these
methods for practical, cost-effective, and environmentally
sustainable applications in industrial settings.

Table : Comparison analysis in synthesis methods: basic and main features.

Synthesis method Derivative
description

Effects on corrosion inhibition Basic characteristics References

Sonication -HQ with R group Enhanced inhibition in HCl
solution

High solubility, increased
adsorption

(Mazkour et al. )

Irradiation -HQ with halogen
modification

Improved protection in HSO Greater chemical stability,
reactive with metal ions

(Musiol et al. )

Hydrothermal synthesis -HQ with organic
framework

Broad-spectrum efficacy in
various acids

Robust film formation,
environmental compatibility

(Nguyen et al. )

Green synthesis -HQ combined with
natural extracts

Enhanced biodegradability,
effective in mild acidic conditions

Eco-friendly, lower toxicity (Oliveri and Vecchio ;
Obot and Gasem )

Chemical vapor deposition -HQ with polymeric
integration

High efficacy in extreme pH
conditions

Durable protective layer, resis-
tant to thermal degradation

(Oubaaqa et al. a)

Chemical reduction -HQ with metal ion
complexation

Effective in concentrated acid
solutions

Enhanced metal interaction,
increased density of active sites

(Ramos et al. ; Nixon and
Ross )

Sol-gel process Nanostructured -HQ Superior inhibition in
micro-corrosive environments

Nanoscale interaction, high
surface area

(Boztepe et al. )

Electrochemical synthesis Electronically modified
-HQ

Enhanced electron transfer
properties for corrosion
prevention

Electrical conductivity, targeted
action at corrosion sites

(Zborowski et al. )

Biosynthesis Biologically
synthesized -HQ

Effective in bio-corrosive
environments

Biocompatibility, reduced envi-
ronmental impact

(Chan et al. )
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4 Effect of solution type,metal type
and temperature on the
protection function of the
8-hydroxyquinoline based
inhibitors

AMQN and HMQN (Rouifi et al. 2020) were tested as carbon
steel corrosion inhibitors in 1.0 MHCl by the electrochemical
techniques: (PDP, EIS) and gravimetric (ML) methods. As can
be seen from the obtained results, Rouifi and his colleagues
noted that the inhibition activity depends on the change
in concentration and temperature, whereas the inhibition
efficiency of these compounds decreased due to the tem-
perature rise. The values in thermodynamic parameters
indicated that the two species are absorbed by the Langmuir
isotherm on the metallic substrate. The results in SEM
images revealed that after the addition of the two
substances, the surface morphology was well cured.

QC2-Br andQC3-Br (Rbaa et al. 2020c)were investigated
the inhibition properties of selected compounds for mild
steel in an acidic environment by the PDP, EIS and
WL methods. The results in theoretical, experimental and
surface characterization indicated that two compounds
have a strong acid corrosion inhibitor. On the other hand,
the thermodynamic data have proven that these inhibitors
adsorb on the metal substrate by the formation of chemical
bonds (chemisorptions) according to the Langmuir
isotherm; these results confirmed that these inhibitors are
mixed type. The obtained results were correlated with MD
measurements andMC simulation. Figure 13 shows the Tafel
plots of QC2-Br and QC3-Br. It is clear from the obtained
results that the Tafel plots are cited in higher corrosion
density regions at high temperatures. However, these values
are nearly similar to the lower temperatures. These results
confirmed that the QC2-Br and QC3-Br inhibitors are more
efficient at higher temperatures.

Douche et al. (2020) subsequently tested these new
molecules (HM1, HM2 and HM3) as mild steel corrosion
inhibitors in an acidic (1.0 M HCl) environment by
gravimetric and electrochemical methods. Results in PDP
analysis suggested that all synthesized compounds are
cathode type inhibitors, excluding HM3, which shows a
major mixed-type effect. These products have shown
remarkable inhibitory efficiency with an increase in
concentrations. Finally, their adsorption characteristics
were obeyed with Langmuir adsorption-isotherm,
showing the spontaneous chemical–physical adsorption
of the selected inhibitor on the mild steel surface.

These compounds are adsorbed on the metal surface by
the active functional groups.

Using modern and effective electrochemical techniques
(PP and EIS), the authors (Feng et al. 2023) examined
the anticorrosive properties of the heterocyclic molecules
based on 8-hydroxyquinoline in acidic HCl solution with a
concentration of 1 M for mild steel. The authors also
concluded that the inhibition mechanism was often based
on the mixed behaviour in 8-hydroxyquinoline derivative
samples. The experimental findings were confirmed by
numerical simulations (DFT and MC).

Next, the compounds (DEMQ and BMQ) were subse-
quently tested as M-steel corrosion inhibitors in 1 mol of
hydrogen chloride using the following methods: electro-
chemical process (EIS, PDP) and theoretical investigates
(DFT, MC). The electrochemical findings demonstrated
that both products are highly resistant to electrochemical
polarization. The results of the PDP analysis indicated
that these inhibitors are mixed types. On the other hand,
the results in thermodynamic parameters suggest that
the 8-hydroxyquinoline derivatives adsorbed on the metal
surface by the formation of chemical bonds following the
Langmuir isotherm; it is also demonstrated that the strong
corrosion efficiency has occurred at elevated temperatures.
The experimental results were supported by the results
from theoretical approaches.

The corrosion inhibition performance of selected
compounds (MPQ and CPQ) was investigated using modern
and effective techniques, which are as follows: weight loss,
PP, EIS, MC, MD, and DFT calculations. It was also noted
that two inhibitors have strong anticorrosive properties
for C35E steel in an acidic solution of hydrogen chloride
and they were mixed types, which means that the rate of
the cathodic and anodic reactions was effectively reduced.

After a good synthesis, Fardioui and her colleagues
evaluated the anticorrosive properties ofHQ-g-Algmolecule
using a slice of mild steel in an acidic solution of hydrogen
chloride with a concentration of 1 M. This evaluation was
done using the usual and well-known methods: (PDP,
EIS, DFT calculations, and MDS simulations). The scanning
electronic microscopy (SEM)was used to analyze the surface
morphology before and after the corrosion and inhibition.
Electrochemical assessments demonstrated that HQ-g-Alg
is a mixed-type inhibitor. It was also noted that the
polarization resistance rose with a rise in the quantity of
the inhibitor. It was also observed that this inhibitor
showed greater adsorption and greater efficiency at all
concentrations. Finally, the micrographs of SEM presented
that the mild steel was protected from dissolution after
adding the inhibitor HQ-g-Alg.
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The corrosion inhibition performance of the compounds
(HQMC and HQPC)) for C22E steel in one mol of hydrogen
chloride (HCl) was investigated through electrochemical and
gravimetric approaches. It was found that both complexes
are effective anti-corrosive agents for C22E steel in an acid
environment and the inhibition performance increasedwith
increasing doses, following the sequence: HQMC > HQPCC.
As observed in adsorption studies and Langmuir isotherm,
the selected corrosion inhibitorswere adsorbed on themetal
surface by the electron-rich functional groups. Finally, it
was concluded that HQMC is an anodic inhibitor, while the
compound (HQPC) is a mixed type inhibitor with anodic
dominant characteristics.

It was studied the anticorrosive efficiency of CH-HQ
in an acid solution of hydrogen chloride using theoretical
and electrochemical approaches. Data from electrochemical
measurements (PDP and EIS) indicated that the CH-HQ
product efficient inhibited M-steel corrosion and that the

inhibitory efficiency rose with raising inhibitor concentra-
tions. The outcomes of the PDP studies demonstrated that
CH-HQ was a mixed-type on the temperature intervals
(298 K ± 1–328 K ± 1). It was also found that this compound
uses donor-acceptor interactions to interact with a mild
steel surface. The results in the MC simulation showed that
CH-HQ uses flat or horizontal adsorption orientations on
the metal surface.

Researchers (El Faydy et al. 2020a) evaluated two
compounds (SMQ and SPQ) in a mole HCl through electro-
chemical (PDP, EIS), gravimetric (WL), and theoretical
measurement (DFT, MDS) studies. It was observed that
these derivatives exhibit a remarkable anticorrosive effect
at a temperature of 298 K. The adsorption thermodynamic
analysis was investigated by Langmuir adsorption isotherm.
SEM results confirmed that the studied inhibitors adsorbed
on the metal surface. Finally, DFT and MD approaches
show good alignment with the experimental evidence.
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Figure 13: The Tafel plots of QC2-Br and QC3-Br.
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QATETA chemical (Hassan et al. 2020) was empirically
examined as an anti-corrosion agent for M-steel in
aqueous sodium chloride (3.5 %) using the followingmethods:
gravimetric (ML), electrochemical (PDP & EIS) methods.
To support the experimental results, some theoretical
methods such as DFT and MC were used. The results showed
that QATETA has a good ability to inhibit corrosion and this
activity is related to concentration. As can be viewed in
Tafel polarization results, both the evolution of hydrogen and
the dissolution of the metal are reduced by the presence of
corrosion inhibitors. Thermodynamic parameters (ΔG°ads)
haveverified thatQATETAadsorptionon themetal surface is a
spontaneousmechanism obeying Langmuir isothermalmodel.
Finally, this substance adsorbs on the surface of the metal
(M-steel) by physical and chemical adsorption mechanisms.

An anti-corrosion performance of MABQ inhibitor
(Fakhry et al. 2021) for mild steel (1 M HCl) was tested in 1 M
hydrochloric acid by the electrochemical (PDP, EIS) and
theoretical study (DFT, MD). The obtained results demon-
strated that this inhibitor is a mixed type. It was also found
that this inhibitor is an excellent corrosion resistance in-
hibitor. Lastly, the thermodynamic parameters indicate that
the substance of MABQ absorbed by the Langmuir
isothermal model on the mild steel surface in an acid
environment.

It is tested (Rbaa et al. 2020a) as anti-corrosion agents of
(GQ-6) and (GQ-12) for M-steel in a solution of hydrogen
chloride (1.0 M) utilizing gravimetric (ML), electrochemical
(PDP & EIS) and some theoretical approaches such as DFT
and MC. Next, the surface morphology of the steel after the
corrosion and inhibition processes was determined using
SEM spectroscopy, together with energy dispersive (EDS). In
terms of results, the authors note that the inhibitory efficacy
increases with the rise in the concentration of an inhibitor
at 298 K. Furthermore, tests revealed that these items are
effective in inhibitingM-steel corrosion and their inhibition
efficiency depends on the inhibitor molecular structure.
Thermodynamic parameters (ΔHa*, ΔSa*, and ΔGa*)
suggested that two substances (GQ-6 & GQ-12) are adsorbed
with chemical bonds on the front of the metal surface
(chemisorption).

The effectiveness of 8-hydroxyquinoline is well
described in the changes on mild steel or metallic surface
in the corrosion solution without and with corrosion
inhibitors. In absence of a corrosion inhibitor medium,
the metal surface was seriously destructed. Corrosion is a
chemical and physical process; it has occurred on the
surface of the metal in aqueous, gas and atmospheric en-
vironments. According to the aqueous phase, corrosion
processes occurred through the electrochemical and
physical interaction between themetal surface and solvent

molecules, resulting in the metal atoms are rapidly reacted
with the solution ions to form the various corrosion
products. The corrosion solutions may be acidic, (hydro-
chloric, sulfate acids) saline (sodium chloride) and gas
saturated solutions (oxygen, hydrosulphide and carbon
dioxide gases are saturated in the aqueous phase). The
metal surfacemay be iron, aluminium,magnesium, copper
and zinc, which are more active metals. The corrosive ions
are easily reacted with the above metal to form the metal
salt, hydroxide and various compounds. They are covered
on the metal surface. As a result, the metal materials are
rusty.

On the other hand, the metal surface is well protected
with the presence of a corrosion inhibitor. The corrosion
inhibitor electrochemically interacted with the metal
surface by the inhibition centres, which contained ben-
zoyl rings, functional groups and heteroatoms. Then,
the inhibitor formed rigid covalent bonds with the metal
surface. As a result, a protective film was formed on the
metal surface. The metal surface was effectively insulated
from the chemical attacks of corrosive ions.

5 Critical part in effect of solution
type, metal type and
temperature on the protection
function of the
8-hydroxyquinoline based
inhibitors

The studies demonstrate that the efficiency of inhibitors like
AMQN, HMQN, QC2-Br, and QC3-Br varies with changes in
concentration and temperature. This variability underlines
the need to understand the specific environmental condi-
tions under which these inhibitors are most effective. For
instance, the decrease in inhibition efficiency with rising
temperature is a critical factor that limits the applicability
of these inhibitors in high-temperature industrial environ-
ments. The Langmuir isotherm adsorption noted in several
studies suggests a strong and uniform adsorption of in-
hibitors on metal surfaces. However, the balance between
chemisorption and physisorption is crucial, as it impacts
the strength and durability of the protective layer formed
on the metal (Shen et al. 2013). A deeper understanding of
these adsorption dynamics can help in designing more
efficient inhibitors. The studies indicate that inhibitors like
HM1, HM2, and HM3 have varying effects on different types
of corrosion processes (cathodic, anodic, or mixed). This
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specificity (Nam et al. 2018) underscores the importance of
matching the inhibitor type to the specific corrosion
mechanism encountered in practice. The use of modern
electrochemical techniques and theoretical approaches
(like DFT and MC simulations) provides a comprehensive
understanding of the corrosion inhibition process.
However, the complexity of these techniques may limit
their practicality in routine industrial applications. The
effectiveness of inhibitors on different metals (like carbon
steel and C35E steel) in various corrosive solutions (like
HCl and NaCl) highlights the need for tailored inhibitor
formulations. The interaction between the inhibitor, metal
type, and solution composition is complex and requires
careful consideration in inhibitor design. The studies show
a general trend of increasing inhibitor efficiency with
concentration, but also a dependence on temperature.
The challenge lies in developing inhibitors that maintain
their efficiency across a wide range of temperatures,
particularly in industrial applications where extreme
conditions are common. SEM analysis in several studies
reveals how the surface morphology of metals is altered
upon inhibitor addition, leading to improved corrosion
protection. Understanding these morphological changes is
crucial for assessing the long-term protective capabilities
of inhibitors. While the effectiveness of these inhibitors
is evident, there is less focus on their environmental
impact. Future research should also consider the ecolog-
ical footprint of these inhibitors, especially in terms of
biodegradability and toxicity. In summary, while
8-hydroxyquinoline-based inhibitors show promise in
corrosion protection, their effectiveness is influenced
by a range of factors including solution type, metal
type, temperature, and concentration. Future research
and development should focus on enhancing the efficiency
of these inhibitors under varied environmental
conditions, understanding their adsorption mechanisms
in greater detail, and ensuring their environmental
sustainability.

6 8-Hydroxyquinoline is the good
anti-polarizing agent in various
mediums

8-Hydroxyquinoline (8-HQ) is recognized as an effective anti-
polarizing agent in various mediums, owing to its unique
chemical properties and the ability to form stable chelates
with metal ions. This compound demonstrates remarkable
efficacy in different environments, making it a versatile

agent in corrosion inhibition and other chemical processes.
The effectiveness of 8-HQ as an anti-polarizing agent is pri-
marily attributed to its strong coordination and chelation
behaviors. This allows it to form stable complexeswithmetal
ions, which can be crucial in mitigating corrosion processes.
In the context of corrosion inhibition, 8-HQ acts by forming a
protective layer on the metal surface, thereby reducing the
polarization effects that lead to corrosion (Marcelin and
Pébère 2015). 8-HQ’s ability to function effectively in various
mediums, including acidic, alkaline, and saline environ-
ments, makes it a highly versatile agent. Its performance in
these diverse conditions is a testament to its robust molec-
ular structure and its ability to adapt to different chemical
interactions. Another advantage of 8-HQ is its relative
environmental friendliness compared to other traditional
corrosion inhibitors. This aspect is increasingly important in
modern industrial applications where environmental
impact is a critical consideration. 8-HQ’s role as an anti-
polarizing agent extends beyond corrosion inhibition. It is
also utilized in various industrial and chemical processes,
including metal extraction, wastewater treatment, and as a
stabilizing agent in certain chemical reactions (Ahmed et al.
2023). 8-Hydroxyquinoline’s role as an anti-polarizing agent
is well-established in various mediums, primarily due to its
strong coordination and chelation properties. Its versatility,
effectiveness in diverse environments, and environmental
compatibility make it a valuable compound in numerous
industrial applications.

8-Hydroxyquinoline (8-HQ) exhibits distinct and effec-
tive properties when used in acidic solutions, such as hy-
drochloric acid (HCl), sulfuric acid (H2SO4), and other acidic
environments. Its behavior in these settings is particularly
significant in the context of corrosion inhibition and metal
ion complexation. In acidic solutions, 8-HQ is a potent
corrosion inhibitor, especially for metals like steel,
aluminum, and copper. The acidic environment often ac-
celerates metal corrosion, but the presence of 8-HQ can
significantly mitigate this effect. It adsorbs onto the metal
surface, forming a protective film that impedes the electro-
chemical processes responsible for corrosion (Truc et al.
2019; Chen et al. 2022). This protective layer is crucial in
environments where metals are exposed to harsh acidic
conditions. 8-HQ’s ability to chelatemetal ions is enhanced in
acidic solutions. It forms stable complexes with various
metal ions, which is beneficial in processes like metal
extraction and purification. The chelation properties of 8-HQ
are utilized in analytical chemistry as well, particularly in
the qualitative and quantitative determination ofmetal ions.
8-HQmaintains structural integrity and chemical stability in
acidic presence environments. This stability is crucial for its
effectiveness in thesemedia, ensuring that its protective and
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complex-forming capabilities are retained even in highly
acidic conditions. In acidic solutions, the protonation of 8-HQ
can occur, influencing its mode of interaction with metal
surfaces. The protonated form of 8-HQ can engage differ-
ently with the metal surface compared to its neutral form,
which can impact the mechanism of corrosion inhibition.
The use of 8-HQ in acidic environments finds practical
applications in industries such as petrochemicals, metal
processing, and wastewater treatment. Its efficacy in
preventing corrosion in acidic mediums is particularly
valued in industries where metals are regularly exposed to
such conditions. In conclusion, 8-hydroxyquinoline is a
highly effective compound in acidic solutions, offering
significant benefits in corrosion inhibition and metal
ion complexation. Its stability and effectiveness in such
environments make it a valuable asset in various industrial
and analytical applications.

7 Anticorrosion performance of
8-hydroxyquinoline for steel

The anticorrosion performance of 8-hydroxyquinoline
(8-HQ) for steel in various environments, particularly in
acidic conditions, is noteworthy due to its remarkable ability
to inhibit corrosion. 8-HQ acts primarily by adsorbing onto
the steel surface, forming a protective barrier that shields
the metal from corrosive agents. This film significantly
reduces the direct contact between the steel and the corro-
sive environment, thereby slowing down or preventing
the electrochemical reactions that lead to corrosion. In acidic
solutions, such as those containing hydrochloric acid (HCl)
or sulfuric acid (H2SO4), 8-HQ shows a particularly high level
of effectiveness. The acidic environment, which typically
accelerates corrosion, is counteracted by 8-HQ’s ability to
form a stable, protective film on the steel surface. Another
important aspect of 8-HQ’s anticorrosion properties is its
ability to chelate metal ions. This chelation can stabilize the
steel surface by complexing with metal ions that may
otherwise contribute to corrosion processes. The protective
layer formed by 8-HQ is resilient and can withstand a range
of environmental conditions, providing long-term protec-
tion against corrosion (Truc et al. 2019). This durability is
crucial for applications in harsh industrial environments.
Given its efficacy, 8-HQ is widely used in industries where
steel is regularly exposed to corrosive substances. This in-
cludes the petrochemical industry, pipeline construction,
and marine applications where steel structures are sus-
ceptible to corrosion. 8-HQ can be used in various formu-
lations, either as a standalone inhibitor or in combination

with other inhibitors to enhance its protective properties.
Its versatility allows for tailored applications depending on
the specific requirements of the steel structure and the
corrosive environment.While 8-HQ is effective in corrosion
inhibition, its environmental impact and safety profile are
also considered. In general, 8-HQ is regarded as a safer
alternative compared to some other corrosion inhibitors,
though its handling and disposal must still adhere to
environmental regulations. In summary, the anticorrosion
performance of 8-hydroxyquinoline for steel is marked by
its effective protective action in acidic environments, its
ability to form stable complexes with metal ions, and its
durability under various environmental conditions. These
properties make it a valuable asset in protecting steel
structures from corrosion.

8 Anticorrosion performance of
8-hydroxyquinoline for copper

8-Hydroxyquinoline (8-HQ) is also recognized for its effective
anticorrosion performance on copper, a metal widely used
in various industries due to its excellent electrical and
thermal conductivity, as well as its aesthetic appeal. The
anticorrosion characteristics of 8-HQ on copper, particularly
in environments conducive to corrosion, are as follows
(Gerengi et al. 2016b):

Protective film formation: similar to its action on steel,
8-HQ forms a protective film on the surface of copper.
This film acts as a barrier, significantly reducing the inter-
action between copper and corrosive agents. It’s especially
effective in preventing oxidation,which is a common formof
corrosion for copper.

Chelation with copper ions: One of the key mechanisms
by which 8-HQ protects copper is through its ability to
chelate with copper ions. This chelation stabilizes the copper
surface and inhibits further corrosion, as the complex
formed is less reactive than the free metal ions.

Efficacy in various media: 8-HQ shows a high level of
effectiveness in diverse environments, including in the
presence of oxygen, moisture, and various corrosive agents.
Its ability to provide protection in both acidic and neutral pH
conditions makes it a versatile choice for different industrial
applications.

Pitting corrosion prevention: copper is particularly
susceptible to pitting corrosion, especially in chloride-
containing environments. 8-HQ is effective in mitigating
this formof localized corrosion, thus preserving the integrity
and appearance of copper surfaces.
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Electrochemical impedance: 8-hydroxyquinoline increases
the electrochemical impedance on copper surfaces, which
is a measure of the resistance against electron flow
that causes corrosion. By increasing impedance, 8-HQ
effectively slows down the corrosion process, providing
long-term protection to copper structures.

Adsorption mechanism: the adsorption of 8-HQ on
copper surfaces is a critical aspect of its anticorrosion
capabilities. It involves the attachment of 8-HQmolecules to
the copper surface, forming a thin protective layer that
shields themetal from corrosive substances. This adsorption
is influenced by the molecular structure of 8-HQ, particu-
larly its ability to donate electrons to copper atoms, forming
a stable layer.

Environmental resistance: In addition to its effective-
ness in controlled environments, 8-HQ also demonstrates
strong resistance to environmental factors such as
humidity, temperature fluctuations, and exposure to
different pH levels. This makes it suitable for outdoor
copper structures and components exposed to varying
weather conditions.

Synergistic effects with other inhibitors: 8-HQ can be
used in combination with other corrosion inhibitors to
enhance its protective effect on copper. This synergistic
approach can lead to improved protection, especially in
highly corrosive environments.

Minimal impact on copper properties: importantly, the
use of 8-HQ as a corrosion inhibitor does not significantly
alter the inherent properties of copper, such as conductivity
or mechanical strength. This makes it an ideal choice for
applications where maintaining the native characteristics
of copper is essential.

Application in various industries: the anticorrosion
properties of 8-HQ on copper have practical implications in
various industries, including electronics, plumbing, marine
applications, and architectural elements, where copper’s
aesthetic and functional properties are crucial.

In conclusion, 8-hydroxyquinoline offers substantial
protection to copper against corrosion, making it a valuable
agent in preserving the integrity and functionality of
copper-based materials and components in various indus-
trial and environmental settings.

9 Anticorrosion performance of
8-hydroxyquinoline for copper

8-Hydroxyquinoline (8-HQ) is not only effective for steel and
copper, but also exhibits significant anticorrosion perfor-
mance for a variety of other metals. This includes common
industrial metals such as aluminum, magnesium, and their

alloys. 8-HQ is particularly effective in protecting aluminum
alloys, which are widely used in aerospace, automotive, and
construction industries. It forms a protective film on the
surface, which acts as a barrier against moisture and other
corrosive elements. This is crucial for aluminum, as it is
susceptible to corrosion in the presence of salts and acidic
environments. Magnesium and its alloys, known for their
lightweight and high strength-to-weight ratio, are prone to
corrosion, especially in saline andhumid environments. 8-HQ
helps in forming a passive layer on magnesium surfaces,
significantly reducing the rate of corrosion. This makes it
valuable in automotive and aerospace applications where
magnesium alloys are common. The effectiveness of 8-HQ
extends across various corrosive environments, including
acidic, saline, and alkaline conditions. This broad-spectrum
efficacy is attributed to its ability to form stable chelates with
metal ions, preventing the typical electrochemical reactions
that lead to corrosion (Gerengi et al. 2016a).

Similar to its use with copper and steel, 8-HQ can be
combined with other corrosion inhibitors to enhance its
protective action on other metals. This synergy can lead to
better protection, especially in harsh industrial environ-
ments. The use of 8-HQ generally does not adversely affect
the physical and mechanical properties of the metals it
protects. This makes it an attractive option in industries
wheremaintaining the integrity of themetal is crucial. As an
organic compound, 8-HQ is relatively benign from an envi-
ronmental standpoint, especially when compared to some
traditional corrosion inhibitors that can bemore hazardous.
Given its versatility, 8-HQ finds applications in various
industries, including marine, automotive, aerospace, and
electronics, where it helps in prolonging the life and
maintaining the integrity of metal components. In sum-
mary, 8-hydroxyquinoline is a versatile and effective anti-
corrosion agent for a variety of metals, providing robust
protection in diverse environments while maintaining the
essential properties of the metals. Its application is partic-
ularly valuable in industries where metal longevity and
performance are critical.

10 Challenges and outlooks in the
development and application of
8-hydroxyquinoline derivatives
as corrosion inhibitors

10.1 Challenges

(1) Complexity in synthesis: the diverse synthesis methods
of 8-hydroxyquinoline derivatives, while beneficial,
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also present complexities in achieving consistent quality
and properties, especially on a large industrial scale.

(2) Environmental impact: despite strides towards eco-
friendly derivatives, the complete environmental
impact, including the production process and degra-
dation products of these inhibitors, needs thorough
evaluation.

(3) Cost-effectiveness: balancing the cost of advanced
synthesis techniques with the efficiency of the inhibitors
remains a challenge, particularly for widespread
industrial application.

(4) Adaptability to varied conditions: customizing inhibitors
to different corrosive environments, metals, and
temperatures requires extensive research and testing,
which can be resource-intensive.

(5) Long-term stability and efficacy: ensuring long-term
stability and consistent corrosion protection in diverse
and extreme environments is a significant challenge.

(6) Regulatory compliance: meeting increasingly stringent
environmental and safety regulations requires contin-
uous adaptation and innovation in the synthesis and
application of these inhibitors.

10.2 Outlook

(1) Advancement in green chemistry: continued develop-
ment in green synthesis methods will likely lead to
more environmentally sustainable and less toxic
corrosion inhibitors.

(2) Nanotechnology integration: the use of nanotechnology
in the synthesis of 8-hydroxyquinoline derivatives can
lead to enhanced performance, particularly in micro-
corrosive environments.

(3) Tailored corrosion inhibition solutions: future research
is expected to focus on creating more tailor-made
solutions that cater to specific industrial needs and
conditions.

(4) Enhanced durability and performance: ongoing inno-
vation will likely yield derivatives with improved
durability and effectiveness, especially in extreme
conditions.

(5) Integration with other corrosion protection methods:
combining 8-hydroxyquinoline derivatives with other
corrosion protection strategies (e.g., coatings, cathodic
protection) might offer more comprehensive solutions.

(6) Economic optimization: research into cost-effective
synthesis and application methods will remain pivotal
to make these inhibitors more accessible for wide-scale
industrial use.

(7) Broader industrial application: as research progresses,
the application of these inhibitors is expected to
expand into more industries, offering broader corrosion
protection solutions.

(8) Increased computational modeling: the use of
computational modeling and simulations in predict-
ing the efficacy of new derivatives will streamline
the development process.

(9) Global regulatory alignment: harmonizing global
standards and regulations regarding corrosion
inhibitors can foster wider acceptance and utilization
of these derivatives.

(10) Collaborative research and development: partnerships
between academia, industry, and government agencies
can accelerate the development and implementation of
advanced corrosion inhibitors.

In conclusion, while challenges exist in the development and
application of 8-hydroxyquinoline derivatives as corrosion
inhibitors, the outlook is promising. Ongoing research and
innovation are expected to overcome these challenges,
leading to more effective, sustainable, and economically
viable corrosion protection solutions.

11 Conclusions

Corrosion has become very important with the developing
technology. Corrosion inhibitors are used in many
industries. For this reason, designing and synthesizing more
effective and more active molecules has gained importance
in chemistry. In the previous studies, the corrosion inhibi-
tory properties of new innovative heterocyclic complexes
from 8-hydroxyquinoline were discussed. It was found the
following main conclusions:
(1) Significant economic impact of corrosion: the review

underscores the severe economic burden of metal
corrosion, emphasizing the necessity of effective
corrosion management strategies in the chemical
industry.

(2) Effectiveness of organic inhibitors: organic corrosion
inhibitors, particularly those derived from 8-hydrox-
yquinoline, are highlighted as cost-effective and
efficient solutions for protecting metals in acidic
environments.

(3) Advancements in 8-hydroxyquinoline derivatives:
the synthesis and characterization of innovative
heterocyclic complexes from 8-hydroxyquinoline
represent a significant advancement in corrosion
inhibition technology.

74 M. Rbaa et al.: Acidic corrosion inhibitors



(4) Diverse synthesis methods: various synthesis methods,
such as reactions with 5-chloromethyl-8-hydroxy-
quinoline and morpholine, produce derivatives with
unique properties and enhanced corrosion inhibition
capabilities.

(5) Impact of solution type and metal: the effectiveness of
the inhibitors is shown to depend on the type of acidic
solution and the nature of the metal, underlining the
need for tailored corrosion protection strategies.

(6) Temperature effects on inhibition: the review indicates
that the efficiency of corrosion inhibitors can vary
with temperature, highlighting the importance of
considering environmental conditions in corrosion
protection.

(7) Innovative derivatives with improved properties: new
derivatives of 8-hydroxyquinoline exhibit improved
corrosion inhibition, increased solubility, and
enhanced chemical stability.

(8) Environmentally friendly approaches: the synthesis of
eco-friendly derivatives through green synthesis
methods marks a shift towards sustainable corrosion
inhibition strategies.

(9) Customized solutions for corrosion challenges: the
review shows that specific synthesis methods yield
derivatives suited for particular corrosion environ-
ments, allowing for customized solutions.

(10) Enhanced durability and thermal stability: some
derivatives, particularly those from chemical vapor
deposition and reduction methods, offer robust and
thermally stable corrosion protection.

(11) Shift towards biodegradable inhibitors: there is an
increasing emphasis on biodegradable and less toxic
derivatives, reflecting a growing concern for environ-
mental impact in corrosion inhibition.

(12) Advanced techniques for superior properties: cutting-
edge synthesis methods like nanostructuring and
electronic modification introduce derivatives with
superior properties for modern industrial applications.

(13) Tailored inhibition for micro-corrosive environments:
nanostructured 8-HQ derivatives provide superior
inhibition in micro-corrosive environments due to
their high surface area interaction.

(14) Comprehensive analysis of inhibitor effectiveness:
the study conducts an in-depth analysis of various
inhibitors, assessing their effectiveness based on
factors like concentration, inhibitor molecular struc-
ture, and environmental conditions.

(15) Conclusion on 8-hydroxyquinoline derivatives: the
review concludes that derivatives of 8-hydroxyquino-
line hold significant promise in the field of corrosion

protection, emphasizing the importance of ongoing
research to further enhance their effectiveness.

These conclusions highlight the importance of 8-hydrox-
yquinoline derivatives in the field of corrosion inhibition
and the need for continued research and development to
optimize their use in various industrial applications.
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