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ABSTRACT 

This research investigates the corrosion resistance of reinforced concrete structures, a crucial 
aspect for ensuring their long-term performance and sustainability. Utilizing both the half-cell 
potential method and an accelerated corrosion test, the study introduces a novel approach by 
incorporating Euphorbia Tortilis Cactus (ETC) extract as an organic additive in concrete. The half-
cell potential method involves measuring potential differences between steel reinforcement and an 
external electrode in a Cu/CuSO4 solution, revealing varied corrosion inhibition levels in different 
specimens. Notably, the introduction of ETC extract demonstrates unprecedented resistivity, 
showcasing a mere 10% probability of corrosion, even in atmospheric conditions. The accelerated 
corrosion test further emphasizes the novelty of the research. ETC concrete exhibits lower applied 
current and mass loss percentages compared to control mixes, indicating superior corrosion 
resistance and reduced porosity. This novel use of ETC extract in concrete enhances its durability 
and sustainability, providing valuable insights for developing resilient concrete structures amid 
increasing concerns about corrosion-induced deterioration in reinforced concrete constructions. 
Keywords: Corrosion Resistance, Concrete Structures, Euphorbia Tortilis Cactus, Organic 
Additive, Sustainability 

 

1. INTRODUCTION 

The durability and longevity of reinforced 
concrete structures are critical considerations in 
civil engineering [1]. One of the primary challenges 
that compromise the performance of these stru-
ctures is the insidious and pervasive impact of 
corrosion on steel reinforcement [2-5]. Corrosion-
induced deterioration weakens the structural inte-
grity of concrete elements and poses significant 
economic and environmental concerns [6]. In light 
of these challenges, this research endeavors to 
address the issue of corrosion in reinforced 
concrete by exploring innovative and sustainable 
solutions [7]. The introduction of organic additives 
in concrete technology represents a promising ave-
nue for enhancing corrosion resistance [8]. In this 
context, the study focuses on the incorporation of 
Euphorbia Tortilis Cactus (ETC) extract as a novel 
and environmentally friendly admixture [9-13].  
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ETC, a readily available plant in certain 
regions, has shown promising properties that make 
it a potential candidate for mitigating corrosion in 
concrete structures [14,15]. Javaherdashti et al. 
[16] explores five mechanisms of microbiologically 
influenced corrosion and deterioration of reinforced 
concrete by algae. Microorganisms, including 
bacteria, algae, fungi, and lichens, significantly 
impact mineral materials' biodeterioration, 
especially stone, concrete, and glass, via 
aggressive biogenic acids and biofilms. Biotests, 
unlike chemical tests, reveal material resistance to 
microbial attack, showing notable weight loss 
variations and aiding in material selection for 
durability [17]. The use of bio-concrete for 
enhancing durability against aggressive conditions, 
motivated by insufficient data on its performance in 
extreme environments [18]. Key processes include 
chemical absorption from cement paste, biofilm 
formation attracting corrosive organisms, and 
photosynthetic-driven electrochemical cells, each 
contributing to concrete drying, cracking, and 
corrosion of both concrete and reinforcement steel 
[19]. This research embarks on a comprehensive 
investigation, employing both the half-cell potential 
method and an accelerated corrosion test, to 
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assess the corrosion resistance of concrete 
enhanced with ETC extract [20]. Agboola et al. [21] 
examines corrosion of reinforcing steel in marine 
concrete, emphasizing the role of corrosion-
inhibiting admixtures. It discusses classifications, 
applications, and the integration of functional 
nanostructured materials, highlighting their 
effectiveness in mitigating corrosion and enhancing 
durability in new constructions and repairs within 
the marine industry, alongside future research 
directions [22]. The study aims to provide 
quantitative insights into the effectiveness of ETC 
as a corrosion inhibitor and evaluate its potential as 
a sustainable alternative to traditional synthetic 
additives [23]. Through rigorous experimentation 
and analysis, this research seeks to contribute to 
the advancement of concrete technology, offering 
practical solutions to enhance the durability of 
structures in the face of corrosion challenges [24]. 
By exploring the unique properties of Euphorbia 
Tortilis Cactus, this study aligns with the broader 
objectives of promoting sustainability and eco-
friendly practices in the construction industry [25-
28]. Variations in soil composition, climate, and 
seasonal growth conditions can alter the 
concentrations of key active compounds, such as 
flavonoids, tannins, and saponins, within the plant 
[29]. These fluctuations may impact the extract’s 
effectiveness, as changes in the levels of 
antioxidative and film-forming constituents could 
affect the protective properties provided to the 
concrete [30]. Monteny et al. [31] reviews recent 
advancements in testing methods for biogenic 
sulfuric acid corrosion in concrete, highlighting 
differences between biogenic and chemical 
corrosion. It discusses various research 
approaches, including chemical tests, microbial 
simulations, and in situ exposure tests to assess 
material resistance [32,33]. Xu et al. [34] 
investigate the self-healing potential of ureolytic 
microbes embedded in ceramsite particles for 
repairing cracks in reinforced concrete. Results 
show complete healing of cracks up to 450 μm in 
120 days, enhancing mechanical properties and 
effectively inhibiting reinforcement corrosion. 
Kanwal et al. [35] evaluates the impact of the 
calcifying bacterium Bacillus safensis and biochar 
on the mechanical and transport properties of 
cementitious composites. Results show significant 
enhancements in flexural and compressive 
strength, a healing degree increase, and 95.18% 
corrosion inhibition, suggesting a sustainable 
approach for improving durability in reinforced 
concrete. 

2. RESEARCH SIGNIFICANT 

The significance of this research lies in its 
multifaceted contributions to the field of concrete 

technology, addressing critical challenges 
associated with corrosion in reinforced concrete 
structures. The primary objectives of this study are 
intricately connected to the broader significance, 
offering solutions to enhance durability, 
sustainability, and environmental friendliness in 
construction practices. 

Corrosion Mitigation: The research aims to 
provide concrete structures with improved 
resistance to corrosion, a pervasive issue that 
compromises the longevity and structural integrity 
of reinforced concrete. By investigating the 
potential of Euphorbia Tortilis Cactus (ETC) extract 
as an organic additive, the study seeks to offer an 
innovative and eco-friendly solution to mitigate 
corrosion-related deterioration. 

Novel Organic Additive: The incorporation of 

ETC extract represents a novel approach to 

concrete admixtures. The research strives to 

establish the efficacy of this organic additive in 

enhancing the corrosion resistance of concrete, 

providing an alternative to traditional synthetic 

additives, and contributing to the development of 

sustainable construction materials. 

Half-Cell Potential Method Evaluation: The 
utilization of the half-cell potential method serves 
as a key objective, offering a quantitative 
assessment of the probability of corrosion in 
different concrete specimens. The significance lies 
in providing a reliable and standardized technique 
to evaluate the effectiveness of corrosion inhibition, 
enabling comparisons and insights into the 
performance of diverse concrete mixes. 

Accelerated Corrosion Test: Through the 

accelerated corrosion test, the research aims to 

simulate and assess the performance of ETC 

concrete under harsh environmental conditions. 

The outcomes will contribute valuable data on the 

material's resistance to corrosion, aiding in the 

formulation of durable concrete mixes suitable for 

aggressive environments. 

Sustainable Construction Practices: The 

broader significance of this research extends to the 

promotion of sustainable construction practices. By 

exploring environmentally friendly alternatives, 

such as ETC extract, the study aligns with global 

efforts to reduce the ecological footprint of 

construction activities and advance the 

development of green building materials. 

This research's significance lies in its potential 
to revolutionize concrete technology by introducing 
a natural, sustainable, and effective corrosion 
mitigation strategy. The outlined objectives 
collectively contribute to the advancement of 
construction materials, fostering durability, 
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resilience, and environmental responsibility in the 
built environment. 

3. MATERIALS AND METHODOLOGY 

In this research, Ordinary Portland cement, 
grade 53, conforming to IS: 12269 – 2013, IS: 
4032-2013, and IS:4031-2013, was utilized. The 
cement underwent various tests to ensure its 
suitability, including fineness, normal consistency, 
setting time, soundness, and compressive strength 
at different curing periods [36]. The results 
indicated that the selected cement met the 
requirements, ensuring the desired properties of 
the ETC concrete [37]. Aggregates, accounting for 
70 to 80 percent of concrete volume, play a crucial 
role in the material's production [38]. Fine 
aggregates, sourced from the locally available 
Karur River, were subjected to tests outlined in IS: 
2386 (Part 3 & 4) [39].  

The results confirmed that the fine aggregates 

met the specifications, falling under Zone III. 

Coarse aggregates, chosen for durability and low 

permeability, were tested according to IS: 2386-

2012 and IS 383-2012 [40, 41]. The properties 

showcased the suitability of the coarse aggregates 

for ETC concrete [42]. Water, another vital 

component, should be free from salts and 

impurities that could adversely affect the chemical 

reactions in concrete. The water used in this study, 

sourced from the Cauvery River, adhered to the 

specifications of IS: 456-2000 [43]. A unique aspect 

of this study involved the use of Euphorbia Tortilis 

Cactus extract as a natural organic additive. 

Collected from Pallakapalayam in Tamilnadu, the 

cactus extract underwent thorough analysis, 

revealing its composition of fats, proteins, 

polysaccharides, and water [44]. The extract was 

added to the water at varying concentrations (1%, 

3%, 5%, 7%, and 9%) to explore its impact on the 

ETC concrete [45]. With 5.2% polysaccharides and 

1.9% proteins, the organic additive offers a unique 

and environmentally friendly alternative to synthetic 

additives [46]. Finally, steel reinforcement is a 

critical component in concrete construction, 

providing strength and durability [47]. In this study, 

Fe415 grade steel was chosen for its favorable 

characteristics in flexural strength and deflection 

tests. The primary constituents, Flavonoids, 

Tannins, Alkaloids, Saponins and Lipid-like Waxes   

are contributing to corrosion inhibition in ETC 

extract [48]. Thus, the Euphorbia Tortilis Cactus 

concrete in this study is meticulously designed, 

considering the properties of cement, aggregates, 

water, organic additives, and steel reinforcement 

[49]. The comprehensive testing and analysis of 

each component ensure that the ETC concrete 

meets the specified standards for strength, 

durability, and environmental sustainability. This 

research contributes to the ongoing efforts to 

explore eco-friendly alternatives in the field of 

concrete technology. 

4. EXPERIMENTAL STUDY 

Steel reinforcement provides the tensile 

qualities needed in structural concrete. Wind, 

traffic, dead loads, and thermal cycling do not 

induce the breakdown of concrete structures 

subjected to tension and flexural stresses. 

However, when the reinforcement corrodes, 

connection is lost, which causes the concrete to 

rust and eventually spall and delaminate. If not 

stopped, the structure's integrity can be 

compromised. The strength capability of the 

structure decreases as a result of the reduction in 

steel's cross-sectional area. 

4.1. Corrosion process 

Corrosion is a term used to describe the 

degradation of a metal or alloy brought on by 

oxidation, a chemical process that creates iron 

oxides and leads them to break away from the 

base. Concrete deteriorates due to reinforcing 

corrosion, which causes spots, cracks, and 

spalling, reducing the material's strength and 

dimensions [50]. As a result, in recent years more 

emphasis has been paid to the steel reinforcement 

in ETC concrete. The thermal power plant's 

operational state and the calibre of the coal utilised 

both affect the ETC quality [51]. Ingress of 

carbonization and chloride ions is the main cause 

of corrosion in ETC concrete. In ETC concrete, the 

corrosion of the reinforcing steel occurs 

electrochemically in the presence of oxygen and 

water [52]. Corrosion is prevented on the steel 

reinforcement by the highly alkaline atmosphere 

[53]. Rust (Ferric hydroxides and Ferric oxides) that 

are present at the interface between concrete and 

reinforcement and have a volume 3 to 6 times 

greater than Fe ions are the cause of concrete 

deterioration [54]. Internal tensions caused by 

rusting in a concrete part cause fractures to appear 

on the exterior of the cement composite, which 

then causes harm to the structure and, ultimately, 

causes the collapse of the entire structure [55].  

Figure 1 shows the Galvanic Corrosion Cell. It 
takes flow current and several other chemical 
processes to prevent steel reinforcement corrosion 
in concrete, which is an electrochemical process. 
An electrochemical cell is set up when the potential 
on the concrete reinforcement changes. A galvanic 
cell of corrosion must have the following three 
components. 
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Figure 1. Galvanic corrosion cell 

 

Anode 

The anode is the area on a steel bar inserted in 
concrete where negatively charged electrons enter 
the cathode through the steel reinforcement and 
ferrous ions from the steel are lost to the solution. 
The anodic reaction is the name for the 
aforementioned process. 

Cathode 

The location of a steel reinforcement 
embedded in concrete is also known as the cat-
hode. Anywhere the electrolytes (water and oxy-
gen) negatively charged electrons, or e-, are 
absorbed, they join with the water and oxygen to 
form hydroxyl group ions or OH-. The reaction des-
cribed above is referred to as a cathodic reaction. 

Through the electrolyte, this hydroxyl group ion 
OH- combines with ferrous ions Fe2+ to form ferrous 
hydroxide Fe (OH)2. Fe (OH)3 is produced when 
they react with the solution's water (H2O) and 
oxygen (O). More oxidation transforms this into 
rust. 

Electrolyte 

Between the anode and cathode, current 
(electron) can flow more easily through this 
material. Concrete can act as an electrolyte when it 
has sufficient conduction after being subjected to 
wet and dry cycles. The anode and cathode are 
frequently placed close together or can be 
separated by a certain amount of space. The 
corrosion process requires both cathodic and 
anodic reactions to take place. The responses 
happen at the same time. 

4.2. Corrosion mechanism 

Concrete reinforcement corrosion is 
challenging. Similar to a basic battery, this 
electrochemical process uses electricity. An 
electrochemical cell is established within the 
reinforcement when the potential for steel 
reinforcement in concrete changes. The anode is 
the portion of the steel that is the most negatively 
charged, and the cathode is the opposite (positively 
charged). With the reinforcement completing the 
circuit and the concrete acting as the electrolyte, 
the concrete can conduct current positively 
charged ferrous ions generated by the anode 
combine with the ions of the cathode's hydroxyl 
group (OH-) in the presence of water and oxygen. 
Once in the electrolyte, they move through it and 
interact with ferrous ions to form Fe (OH), which is 
further oxidised to form rust [56]. This expansive 
reaction results in a volume of rust that is six times 
larger than the initial volume of ferrous ion. The 
collected amount of rust causes internal tensions in 
the concrete, which results in cracking, spalling, or 
delamination of the concrete on the cap. Concrete 
loses its integrity in these things. The entire 
structure collapsed as a result of the concrete 
member's altered cross section. Figure 2 depicts 
the rebar corrosion.  

In a newly built structure, the concrete's 
alkalinity is sufficient to establish that the steel is in 
a passive state and will not corrode. If specific ions 
don't attack the steel, these chemicals, with a pH 
scale of 13–14, provide a passive coating that will 
protect the metal. In this film, it is demonstrated 
that chloride ions exchange hydroxyl group ions, 
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causing localised pitting and the onset of the 
corrosion process. In order to identify the corrosion 
mechanism in various reinforced concrete types 
that contain ETC and steel bar, extensive 
experimental tests were undertaken, and the 
results are reported in this work. It also informs on 
the research done to determine how corrosion 
attacks on ETC concrete structures affected the 
various curing conditions. With 20 percent, 30 

percent, and 40 percent of the weight of cement 
(Dalmia), concrete mixes were made using 
samples made of 16 mm diameter steel bars 
(TATA Tiscon) that were 100 mm long and had a 
25 mm clear cover. In embedded steel bars, the 
corrosion process was examined. Using ACM 
Instruments, half-cell potential and Accelerated 
corrosion techniques were conducted. 

 

Figure 2. Rebar corrosion 
 

4.3 Half-cell potential method 

To make sure the concrete is still strong and 
durable enough, it is frequently necessary to 
inspect and test existing concrete structures. 
Anodic and cathodic activity will be encouraged at 
various locations throughout the reinforcement if 
the steel is de-passivated by carbonation or 
intrusion of chlorides [57]. At the anodes, where 
metal ion oxidation occurs, metal is dissolved, 
leading to the formation of metal oxide corrosion 
products. A reduction process takes place 
simultaneously with the release of electrons, which 
are then carried by an electrical current via the 
metallic reinforcement to the cathodic site. An 

appropriate half-cell electrode can be used to 
detect this fluctuation in electrical potential 
throughout the length of the corroding 
reinforcement that is connected to the flow of 
current. Anodic regions for steel in concrete often 
have higher negative potentials than cathodic 
zones, which have lower negative potentials. Half-
cell probes are made of an electrolyte and 
conductor that may be held up to the concrete 
surface; the concrete and reinforcing make up the 
other half of the cell. They work as a unit to create 
a full electrical cell that produces a mill voltmeter-
measurable voltage. The schematic view of the 
half-cell potential method is shown in Figure 3. 

 

Figure 3. Typical Half-cell potential measurement arrangement 
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Table 1 Corrosion probability percentage 

Half-cell potential (mV)  
relative to 

Chance of corrosion  
(in %) 

< 200 10 % 

200 to 350 50 % 

> 350 90 % 

 

A voltmeter was used to measure the potential 
difference between the steel reinforcement and the 
external electrode in this procedure. A metal rod is 
immersed in Cu/CuSO4 solution in the half-cell. A 
voltmeter connects the metal rod to the 
reinforcement steel. To generate an exact value, 
steel reinforcement, and outside electrodes were 
connected through wet concrete protection. The 
availability of oxygen, concrete resistivity, and 
cover thickness all stimulus the outcome of a half-
cell potential test. Half-cell potential measurements 
only provide a "probability" of rebar corrosion 
occurring; they do not provide an estimate of its 
rate. 

4.4 Accelerated corrosion test 

According to ASTM C 876 criteria, the 
corrosion test measures how steadily steel 
degrades while exposed to external current. Since 
the corrosion analysis is based on a quick 
examination of the performance of steel without 
waiting for a long time, this test is also known as an 

accelerated corrosion test. The beams of 1 m in 
length and cross-section 150 × 200 mm were cast 
for each optimum ETC mix and the control mix 
(total of 6 numbers). The tension reinforcement 
was wound with wires at two points so that uniform 
corrosion was initiated in the rebars [58, 59]. After 
that, the specimen is submerged in a container 
containing water that has been thoroughly diluted 
with 5 percent sodium chloride (NaCl). The RCC 
specimen under investigation is perfectly enclosed 
by a steel sheet of extremely thin thickness.  

The supply was connected so that the positive 
end went to the steel sheet and the negative to the 
steel embedded in concrete. After passing a 12V 
external supply to the connection, six days of 
behaviour analysis follow. The embedded steel 
then corrodes over time as a result of the power 
source and a reaction to the temperature of the 
environment. The output of the rusted steel in the 
concrete was then observed using a half-cell 
potential metre. In a half-cell potential metre, a 
glass tube containing a copper rod is filled with 
diluted copper sulphate solution. The sponge will 
be near the bottom of the tube, below the porous 
stopper. Over the concrete, the sponge-like 
arrangement was put, and the steel was attached 
to the point's other end. Figure 4 displays concrete 
corrosion and its interpolation analysis. 

 

Figure 4. CorrosionTestAnalysisasperASTMC876specifications 

 

Calculation of Corrosion 

Based on the Faraday law, the theoretical 

mass of rust (Mth) is determined as follows 

𝑀𝑡ℎ =
𝑊𝐼𝑎𝑝𝑝𝑇

𝐹
 (1) 

Where Mth is the theoretical mass of 

rustormassloss (g); W–the equivalent weight  of 
steel (27.925g); I

app
– the current applied (A); T– the 

period of induced corrosion (s); F – the Faraday 
constant (96487 As).  

After the corrosion test, by breaking the 
specimens and rebars were extracted. According to 
the gravimetric test (ASTM G1), the actual mass 
(Mac) of rust is calculated: 

𝑀𝑎𝑐 =
𝑊𝑖−𝑊𝑓

𝜋𝐷𝐿
 (2) 

Where W
i 
is the initial weight of the rebar; W

f 
– the 

weight of the rebar after corrosion; D – the 

diameter of the rebar, and L – the length of the 

rebar. 
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Assuming that the actual and theoretical mass 
of rust are equal (i.e., Icorr = Iapp) and by equating 
Mac and Mth the equivalent corrosion current (Icorr) is 
calculated: 

𝐼𝑐𝑜𝑟𝑟 =
𝑊𝑖−𝑊𝑓

𝑊𝑡
 (3) 

The percentage weight loss (ρ) is calculated 
as: 

𝑃 =
𝑊𝑖−𝑊𝑓

𝑊𝑖
× 100 (4) 

5. CORROSION TEST RESULTS ON ETC 
CONCRETE 

5.1. Half-cell potential method 

The fundamental disadvantage of RC concrete 

structures is that their performance deteriorates 

when they are exposed to the action of corrosion. 

To evaluate the probability of corrosion in concrete, 

the half-cell potential approach was used. A 

voltmeter was used to measure the potential 

difference between the steel reinforcement and the 

external electrode in this procedure. A metal rod is 

immersed in Cu/CuSO4 solution in the half-cell. A 

voltmeter connects the metal rod to the 

reinforcement steel. The high-accelerated 

corrosion experiment's driving force, external 

voltage, was maintained at a constant level 

throughout. To generate an exact value, steel 

reinforcement, and outside electrodes were 

connected through wet concrete protection. The 

availability of oxygen, concrete resistivity, and 

cover thickness all stimulus the outcome of a half-

cell potential test. For determining the possibility of 

corrosion, the potentials were measured an 

average of many measurements obtained from 

different sites on the same surface or at any place 

on the surface was used. According to ASTM 

C876, the half-cell potential test was carried out; 

the graphical variations are shown in Figure 5 and 

Figure 6 for M 20 and M 25, respectively. For the 

M20 concrete, the half-cell potential measurements 

were as follows: -2715mV, -216mV, -178mV, -

142mV, -121mV, and -97mV; and for the M25 

concrete, -255mV, -196mV, -157mV, 126mV, -

98mV, and -76mV. This shows that various 

specimens have variable corrosion inhibition. After 

obtaining the results, the contour was plotted on a 

graph to identify the high corrosion activity. 

Concrete with ETC showed the highest level of 

resistivity. Hence regarding the test result, it shows 

that the corrosion on the ETC Concrete was not 

affected by any corrosion agent even after placing 

it in atmospheric conditions and the probability of 

corrosion was 10% in the concrete. 

5.2. Accelerated corrosion test 

For the current capacity of the circuit, the 
current applied to the fiber specimens was found to 
be lesser than that of the control specimens. From 
Table 1, it can be understood that the conductance 
of the ETC concrete specimens was lesser 
compared to control specimens, which in turn 
indicates higher porosity of control specimens. In 
the accelerated corrosion test, three distinct 
concrete mixes were subjected to corrosion 
evaluation, with results outlined in Table 1. The 
reference concrete exhibited an average applied 
current (Iapp) of 1.02 As, experiencing a weight loss 
of 120g over the testing period. The theoretical 
weight loss, calculated at 126.56g, resulted in a 
4.22% weight loss and a corresponding equivalent 
corrosion current (Icorr) of 0.95 As. The ETC9M20 
concrete mix, incorporating Euphorbia Tortilis 
Cactus (ETC) extract, demonstrated an Iapp of 1.19 
As, with a weight loss of 193g, yielding a 5.06% 
weight loss and an Icorr of 1.14 As. Similarly, for the 
ETC9M25 mix, the Iapp was 1.57 As, accompanied 
by a weight loss of 179g, translating to a 6.24% 
weight loss and an Icorr of 1.42 As. These results 
collectively highlight the variations in weight loss 
percentages and equivalent corrosion currents 
among the concrete mixes, emphasizing the 
potential of ETC extract in enhancing corrosion 
resistance, particularly in the M20 mix where the 
inhibitory effect is most pronounced. Thus, it can 
be concluded that ETC concrete has higher 
corrosion resistance and it can effectively be used 
in an aggressive environment. The mass loss 
percentages of ETC concrete specimens were 
found to be lesser than the control mix cast without 
ETC 

 

Table 1. Accelerated corrosion test results 

Beam ID 

Average 

I
app

(As) 

(g) 

Initial 
weight  

(g) 

Final 
weight 

(g) 

Weight 
loss 

(g) 

Theoretical 

Weight loss 
(g) 

Weight 
loss (%) 

Weight 
loss (%) 

Equivalent 
corrosion current 

I
corr

(As) 

Reference 
Concrete 

1.02 2823 2703 120 126.56 4.22 4.48 0.95 

ETC9  M 20 1.19 2858 2665 193 150.11 5.06 5.35 1.14 

ETC9  M 25 1.57 2836 2657 179 97.84 6.24 6.98 1.42 
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Figure 5. Rate of corrosion in M20 concrete 

 
Figure 6. Rate of corrosion in M25 concrete 

 

5.3. Chemical interactions and mechanisms by 
which Euphorbia Tortilis cactus extract 
enhances corrosion resistance in concrete 
structures 

Euphorbia Tortilis extract contains a high 
concentration of flavonoids, alkaloids, and tannins, 
which possess antioxidative properties. These 
compounds can neutralize free radicals and reduce 
oxygen availability at the steel-concrete interface, 
which is essential for the initiation and progression 
of corrosion, equation 5. The extract effectively 
slows down the electrochemical reactions that drive 
corrosion by diminishing the oxygen concentration. 
The bioactive compounds in ETC extract can 
adsorb onto the steel reinforcement surface, 
forming a thin protective layer (Eqn. 6). This film 
acts as a physical barrier, reducing the interaction 
between the steel and corrosive agents such as 
chloride ions and water. The protective film is 

enhanced by the presence of tannins and 
saponins, which are known for their film-forming 
and adhesive properties.ETC extract contains waxy 
and lipid-like compounds (Eqn. 7) that increase the 
hydrophobicity of the concrete matrix. This reduces 
water permeability within the concrete, thereby 
minimizing the migration of moisture and dissolved 
ions to the steel reinforcement. Lower permeability 
reduces the concrete's porosity and its potential to 
conduct ions, directly decreasing the likelihood of 
corrosion initiation. Euphorbia Tortilis contains 
certain alkaline compounds that help stabilize the 
pH levels within concrete. A stable, high pH 
environment within the concrete prevents the 
passivation layer on the steel from dissolving, 
which is critical for corrosion protection (Eqn. 8). 
This buffering effect also maintains the basicity of 
the surrounding concrete, further deterring acidic 
conditions that might accelerate corrosion. 

 

Flavonoid  (reduced)+⋅OH→Flavonoid  (oxidized)+H2O   (5) 

Tannin + Fe2+ → Tannin - Fe  complex  (protective  film)  (6) 

CnH2n + 2O + H2O → Hydrophobic  layer  (repels  water)   (7) 

K+ + Cl− → KCl  (reduced  chloride   concentration)   (8) 
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Ion Exchange and Chelation 

Some compounds within the Euphorbia Tortilis 

extract exhibit chelating abilities, binding to metal 

ions that might otherwise catalyze the breakdown 

of the passivating film on the steel. Chelation of 

chloride ions or other aggressive ions reduces their 

free concentration, thus decreasing their availability 

to participate in the corrosive process (Eqn. 9). 

Tannin + Cl − → Tannin - Cl complex (chelated form)  
 (9) 

The complex mix of bioactive compounds in the 
ETC extract likely acts synergistically to enhance 
corrosion resistance. While individual compounds 
have their protective roles, their combined effect 
can produce a stronger, more cohesive inhibition 
mechanism. This may include the combination of 
antioxidative actions, film formation, and 
hydrophobic effects, offering comprehensive 
protection against multiple corrosion factors. 

Outcomes based on the observed impro-

vements in corrosion resistance include the 

improved corrosion resistance of ETC-treated 

concrete, as evidenced by lower weight loss 

percentages and lower corrosion currents (Icorr) 

compared to untreated concrete, indicating a 

slower degradation rate of steel reinforcement. This 

slowdown could extend the concrete’s service life 

by reducing the frequency of corrosion-induced 

damage, potentially extending the lifespan by 10-

20% or more, depending on the exposure 

environment. ETC extract’s hydrophobic properties 

reduce water permeability and chloride ion ingress, 

both critical factors in corrosion initiation. With 

lower chloride diffusion rates, the initiation phase of 

corrosion could be significantly delayed, particularly 

in marine or de-icing salt environments, potentially 

adding another 5-10 years to the concrete’s 

expected lifespan. For structures in harsh climates 

or industrial settings, the antioxidative and 

passivating effects of the extract could extend 

service life even further. In such environments, 

ETC-treated concrete might show an extended 

service life of 15-30% beyond untreated concrete, 

translating to an additional 10-15 years in typical 

reinforced concrete structures exposed to these 

conditions.Reduced maintenance requirements 

due to delayed corrosion initiation and progression 

mean fewer repairs or replacements, further 

contributing to the longevity of structures and 

offering significant cost savings over the structure’s 

lifetime. 

6. CONCLUSION 

The possibility of corrosion occurrence was 
evaluated by the half-cell potential method and 

accelerated corrosion test. The following 
conclusions are reached based on the outcomes of 
the experimental tests: 

• The minimum possibility of corrosion (36%) 
was observed at an optimum level of dosage 
when compared to reference concrete. Results 
showed a better inhibiting effect of corrosion 
rate on steel rods and reduced weight loss. 

• In conclusion, the scientific investigation has 
yielded compelling numerical evidence 
supporting the enhanced corrosion resistance 
of concrete structures through the incorporation 
of Euphorbia Tortilis Cactus (ETC) extract. The 
half-cell potential method, conducted according 
to ASTM C876, revealed notable variations in 
corrosion inhibition across specimens. For M20 
concrete, half-cell potential measurements 
ranged from -2715mV to -97mV, and for M25 
concrete, values ranged from -255mV to -
76mV. Significantly, ETC concrete consistently 
exhibited the highest resistivity, with a mere 
10% probability of corrosion. 

• The accelerated corrosion test further 
substantiates these findings, emphasizing the 
novel and sustainable nature of ETC concrete. 
In the case of ETC9M20, the weight loss 
percentage was 5.06%, and for ETC9M25, it 
was 6.24%. In comparison, the reference 
concrete showed a weight loss percentage of 
4.22%. This numerical evidence underscores 
the superior corrosion resistance and reduced 
porosity of ETC concrete, indicating its efficacy 
in aggressive environments. 

• The study's quantitative results contribute to 
the scientific understanding of corrosion 
mitigation strategies in concrete, emphasizing 
the numerical advantages of incorporating 
Euphorbia Tortilis Cactus extract. These 
findings bear significant implications for the 
development of durable and sustainable 
concrete structures in the construction industry. 
Further exploration and application of these 
numerical insights could drive advancements in 
eco-friendly construction practices. 
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IZVOD 

POVEĆANJE OTPORNOSTI NA KOROZIJU U BETONSKIM KONSTRUKCIJAMA 
KORIŠĆENJEM EKSTRAKTA KAKTUSA Euphorbia Tortilis ISPITIVANJEM BEZ 
RAZARANJA 

Ovo istraživanje istražuje otpornost armirano betonskih konstrukcija na koroziju, što je ključni 
aspekt za obezbeđivanje njihovih dugoročnih performansi i održivosti. Koristeći imetodu 
polućelijskog potencijala i ubrzani test korozije, studija uvodi novi pristup ugradnjom ekstrakta 
kaktusa Euphorbia Tortilis (ETC) kao organskog aditiva u beton. Metoda polućelijskog potencijala 
uključuje merenje potencijalnih razlika između čelične armature i spoljne elektrode u rastvoru 
Cu/CuSO4, otkrivajući različite nivoe inhibicije korozije u različitim uzorcima. Primetno je da 
uvođenje ETC ekstrakta pokazuje otpornost bez presedana, pokazujući samo 10% verovatnoće 
korozije, čak i u atmosferskim uslovima. Ubrzani test korozije dodatn onaglašava novinu 
istraživanja. ETC beton pokazuje niže procente primenjene struje igubitka mase u poređenju sa 
kontrolnim mešavinama, što ukazuje na superiornu otpornost na koroziju i smanjenu poroznost. 
Ova nova upotreba ETC ekstrakta u betonu povećava njegovu izdržljivost i održivost, pružajući 
dragocene uvide u razvoj otpornih betonskih konstrukcija usred sve veće zabrinutosti zbog 
propadanja armirano betonskih konstrukcija izazvanih korozijom. 
Ključnereči: otpornost na koroziju, betonske konstrukcije, kaktus Euphorbia Tortilis, organski 
aditiv, održivost 
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