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Abstract 

This study aimed to evaluate the inhibitory effect of coconut dust extract on the pitting corrosion 

of reinforcing steel in concrete via potentiodynamic polarization (PDP), electrochemical 

impedance spectroscopy (EIS), and weight loss measurements. Different solvents (water, 

ethanol, methanol, and acetone) were used for the extraction of coconut dust, in which water 

indicated the most efficiency due to the highest content of flavonoids, tannins, polyphenols, 

saponins, phlobatannins, and anthraquinones. Then, the obtained coconut dust extract was tested 

in two cases: (i) mixing with a water extract obtained from concrete with the addition of 3% 

NaCl and (ii) adding to the mortar-making process before immersing it in a 3% NaCl solution. 

In the first case, the highest efficiency of ~95% (from PDP), ~99% (from EIS), and ~89% (from 

weight loss) were obtained using the inhibitor concentration of 1.5 g/L. In the second case, the 

efficiency was increased at inhibitor concentrations of 0.5 g/L. The highest efficiency is ~95% 

(from weight loss) and ~97% (from PDP) at a concentration of 2.0 g/L. The findings indicated 

the high potential of coconut dust extract as a green corrosion inhibitor for the corrosion of 

reinforcing steel in concrete in the presence of chlorides. 
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1. Introduction 

Reinforced concrete has been widely used in constructing various buildings and facilities. 

One of the main reasons for its destruction is the corrosion of reinforcing steel [1], which in 

concrete proceeds as an electrochemical process [2]. It was reported that carbonation and the 

presence of chlorides were the most common agents of this undesirable process. The 

carbonation caused a reduction in the alkalinity of concrete, resulting in the corrosion process 
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evenly over the entire carbonized area [3]. In contrast, the presence of chloride ions, one of 

the most dangerous corrosion agents, leads to the formation of pits or ulcers [4]. 

Practically, infrastructure facilities’ repair, maintenance, and replacement cost of 

reinforced concrete is exceptionally high. For example, in the USA, the total cost of repair 

works exceeds $112 billion [5]. Indirect costs due to traffic slowdown and loss of efficiency 

are up to 10 times higher than direct costs [6]. To overcome this problem, primary protection 

is one of the ways to increase the repair-free service life [7]. In which corrosion inhibitor 

additives are an integral part of an optimal concrete formulation to improve corrosion 

resistance. Recently, plant extracts have been widely tested as potential corrosion inhibitors. 

It has been reported that plant extracts contain aromatic and heterocyclic oxygen- and 

nitrogen-containing compounds with different polarities, which can protect the metal from 

corrosion [8] and be considered green inhibitors for replacing chemically synthesized, often 

environmentally hazardous ones [9]. 

Various extracts as corrosion inhibitors for reinforcing steel in concrete were reported 

[10–12]. Liu et al. reported the improved corrosion resistance of reinforcing steel using 

Ginger extract [13]. Adding 1–2 wt.% of the extract provided an efficiency higher than 95%. 

The evaluation of Green Tea extract demonstrated an efficiency of 75–85% with the addition 

of 2–4 wt.% into mortar [14]. Besides, extracts from the waste of various industries are of 

particular interest. Using such substances will significantly reduce the amount of waste and 

the environmental burden. Thus, the successful use of 5% Platanus acerifolia leaf extract 

[15] and 1–3% Rice husk extract was described [16]. The authors [17] assessed the anti-

corrosive effect of Olea europaea leaf extract with an efficiency of up to 92% in aqueous 

model solutions. The study [18] demonstrated the high efficiency of Eucalyptus leaf 

protection by adding the diluted extract, comprising up to 40% of the mixing water weight. 

A significant number of studies have been devoted to evaluating the protective 

properties of coconut dust extract on various metals in different corrosive environments. 

This product is produced in large quantities as a by-product of coconut fiber production [19]. 

Convincing results have been published demonstrating an efficiency of up to 97% with the 

addition of 0.5 g/L in relation to mild steel in a 0.5 M H2SO4 solution, using methanol and 

ethanol as extracting solvents [20]. For X65 steel in a 1.0 M HCl solution, an efficiency 

greater than 92% was achieved with the addition of 0.3–0.4 g/L of the alcoholic extract [21]. 

The addition of up to 5% untreated coconut fiber ensures an efficiency of up to 90% in a 

neutral aqueous solution containing 3.5 wt.% NaCl [22]. There are also documented cases 

of using coconut dust to protect aluminum in a 1.0 M HCl solution with an efficiency of up 

to 80% at a solution temperature of +60°C [23]. 

More recently, a study [24] revealed the protective effect of coconut dust extract with 

a relatively high inhibitor concentration ranging from 10 to 40% of aqueous solution weight 

or mixing water for concrete. However, data on the actual content of substances in the 

studied extract were not shown. Besides, at higher concentrations, specifically at optimal 

levels around 30%, the mechanical characteristics of concrete may experience a deterioration 

over time. 
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One of the primary mechanisms for maintaining the passive state of steel reinforcement 

in concrete involves increasing the critical chloride concentration at the steel surface 

[25, 26]. If the studied substance influences this parameter, a reduction in the corrosion rate 

can be expected. 

In our previous work, the potential inhibitory effect of the essential components of 

coconut extract on steel was demonstrated using quantum chemical calculations [27]. For 

practical structures, this article aims to investigate the experimental tests. We firstly obtain 

coconut dust extract (waste from the production of coconut fiber) and then evaluate its 

inhibitory effect on chloride corrosion of reinforcing steel in concrete in the presence of 

chlorides in two cases: (i) mixing with a water extract obtained from concrete and (ii) adding 

to the mortar-making process. 

2. Experimental 

2.1. Material and sample preparation 

Coconut dust was obtained from coconut fiber factories in Ben Tre, Vietnam (Figure 1a). 

The extraction of organic compounds from coconut dust was carried out as follows: 100 g 

of dust was placed in solvents (acetone, ethanol, methanol, H2O) and kept for 48 hours with 

constant stirring without additional heating at a laboratory temperature of 25±3°C, after 

which filtration was performed. The resulting filtrate was concentrated using a rotary 

evaporator and brought to dryness in a water bath (Figure 1b) [20, 23]. 

 
Figure 1. Photos of raw coconut dust (a) and the dried extract (b). 
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Table 1. The elemental composition of the reinforcing steel. 

Elements Content (wt.%) 

Fe 98.515 

C 0.257 

Mn 0.452 

Si 0.166 

P 0.014 

S 0.033 

Ni 0.135 

Cr 0.029 

Cu 0.321 

Mo 0.006 

Al 0.022 

W 0.004 

Sn 0.037 

Co 0.009 

The CB300 (Pomina Enterprise Co., Ltd, Vietnam) periodic profile reinforcement steel 

with a diameter of 10 mm was used as the subject of study according to TCVN 1651-2:2018 

for experiments in mortar samples immersed in a NaCl solution. The steel elemental 

composition is presented in Table 1. A copper-insulated current lead was soldered and was 

coated with epoxy resin to one end of the rod (as seen in Figure 8). For the aqueous concrete 

extract experiments (potentiodynamic measurements and impedance spectroscopy), a 

smooth electrode of similar steel composition with dimensions of 15×15 mm was also 

prepared (all surfaces, except the working one, were insulated with epoxy resin). 

The electrode surface was cleaned using P1000 sandpaper (Al2O3 abrasive with particle 

size ranging from 4–20 µm) to achieve a degree of St3 according to ISO 8501-1:2014. 

Subsequently, they were degreased with ethyl alcohol (96%) before immersion in aqueous 

solution and mortar. The electrodes were weighed with an accuracy of 0.0001 g to monitor 

the weight loss due to corrosion. 

The aqueous solution (concrete extract) was prepared by extracting crushed mortar 

using distilled water for 24 h. The ratio of water and solid particles was taken as 10:1 by 

weight. The resulting solution was filtered through a pleated filter paper. The pH value of 

12.4 for the concrete extract was measured using the HI 8314 pH meter (Hanna Instruments, 

Italy). 

The mortar based on a cement-sand mixture was prepared using PCB40 Portland 

cement (Nghi Son Cement Corporation, Vietnam) and dry-washed quartz sand with a 
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particle size fraction of 0.20–0.63 mm. The main composition of cement is presented in 

Table 2. 

Table 2. The main composition of cement. 

Components Content (wt.%) 

SiO2 22.0 

Al2O3 8.0 

CaO 62.0 

Fe2O3 3.0 

MgO 2.1 

SO3 2.1 

K2O 0.6 

Na2O 0.2 

The water-to-cement and sand-to-cement ratios were 1:2 and 3:1 (w/w), respectively. 

The coconut dust extract was dissolved in water at various concentrations (Cinh) before 

making concrete. Cylinder samples (height 250 mm, Ø = 110 mm) with a central reinforcing 

bar were cast using a formwork. The thickness of the concrete cover to the reinforcement’s 

surface was 50±5 mm. The samples were cured for 28 days at 100% humidity and removed 

from the formwork after seven days. The exit point of current leads from concrete was coated 

by epoxy resin. 

2.2. Characterization and electrochemical measurements 

The dry residue obtained from coconut dust extract was characterized for chemical structure 

by the FTIR spectrometer (TENSOR 27, Bruker, Germany) at the range of  

4000–400 cm–1. The electrochemical measurements were conducted using a potentiostat-

galvanostat (Autolab PGSTAT204N, Netherlands). 

The cathodic and anodic polarization curves were recorded in the potentiodynamic 

mode on smooth electrodes in a concrete extract with the addition of 3% NaCl. Calculation 

of corrosion current density (icor) was performed using the polarization resistance method 

(the F. Mansfeld method [28]). This method allows for the estimation of the coefficients ba 

and bc for calculating the Stern-Geary coefficient (B) from the Equation that relates icor and 

polarization resistance (Rp):  

 
 
a c

corr corr
p pa c

1
 or 

2.3

b bB
i i

R Rb b


  

 
 (1) 

based on the polarization curves obtained near the open circuit potential (Ecor), 

ΔE = Ecor ± 30–40 mV. In this case, the coefficients ba and bc are not the “true” Tafel slopes. 
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They represent fitting coefficients used to describe the curvature of the quasi-linear region 

of the experimental polarization curve near Ecor. 

In this case, a three-electrode glass cell was used with unseparated cathode and anode 

spaces alongside natural aeration. The working electrode was placed in such a way that the 

thickness of the solution above the surface was 20±2 mm. A platinum grid and silver/silver 

chloride were used as auxiliary and reference electrodes. Note that the reference electrode 

was placed in a separate vessel connected to the cell by an electrolytic bridge based on agar-

agar and KNO3 to prevent influence on the concentration of chlorides in the working 

solution. The potential of the reference electrode was +201 mV versus the standard hydrogen 

electrode.  

Polarization curves (PCs) were recorded after Ecor became stable for 60 min at a sweep 

rate of 0.2 mV/s. Anodic PCs were recorded until the activation potential reached (Eact), 

accompanied by a sharp increase in current density (i). Cathodic PCs were recorded up to  

–220 µA/cm2. Values of i were calculated relative to the geometric area of the electrode 

(2.25 cm2). 

The ability of the extract to inhibit corrosion was assessed based on the efficiency 

(Zinh, %) calculated using the Equation 2: 

 corr,0 corr,inh
inh

corr,0

100
i i

Z
i


   (2) 

where icor,0 and icor,inh are the corrosion current densities in the control experiment and in the 

presence of an inhibitor, respectively. 

The impedance spectra were recorded from 0.01 Hz to 50 kHz in the current-less mode 

for 60 min after Ecor became stable. The amplitude of the applied harmonic signal was 

16 mV. The obtained spectra were analyzed using DCS software. Inhibition efficiency 

(ηinh, %) was calculated using the Equation 3: 

 
p,0p,inh

inh
p,inh

η 100
R R

R

 
 
 
 


   (3) 

where Rp,0 and Rp,inh are polarization resistances in the reference experiment and the 

inhibitor’s presence, respectively. 

A long-term experiment in a concrete extract for 50 days with periodic control of icor 

was also performed. The control of weight loss due to corrosion of samples, which were not 

subjected to polarization but were exposed to similar conditions, was also performed. 

Corrosion products were removed according to ISO 8407:2021. The ability of the studied 

substances to inhibit corrosion was assessed based on the efficiency (Zweigh, %) calculated 

using the Equation 4: 

 
weigh,0 weigh,inh

weigh
weigh,0

100
m m

Z
m


   (4) 
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where mweigh,0 and mweigh,inh are the corrosion rates based on the weight loss results in the 

control experiment and the presence of an inhibitor, respectively. 

Upon completion of the hardening process (28 days), mortar samples were completely 

immersed in 3% NaCl aqueous solution. Throughout the exposure period, electrochemical 

parameters were periodically assessed at intervals of 5–10 days. The free corrosion potential 

( '
corE ) of steel reinforcement on the sample surface was measured according to ASTM C876-

2022 (Elcometer W331HM-4, England). The values of electrode potentials are shown on the 

scale of the copper/copper sulfate reference electrode. The corrosion current density (icor) 

was determined by the linear polarization resistance technique per the guidelines outlined in 

ASTM G109-2021, following the calculation procedure established by F. Mansfeld [28]. 

Values of icor are reported to the exposed area of the reinforcing bar. The experiment duration 

was 80 days. Weight loss and Zweigh were calculated similarly to experiments in the concrete 

extract. Results of converting weight loss into section loss were shown as kweigh (assuming 

uniform corrosion). 

In order to ensure the results’ reliability, measurements were carried out at least five 

times for laboratory tests for each type of solution. Additionally, at least three samples of the 

same kind were examined for long-term experiments.  

3. Results and Discussion 

3.1. Characteristics of coconut dust extract 

The FTIR spectrum of coconut dust extract is shown in Figure 2. The peak at 3329 cm–1 

corresponds to vibrations of the O–H bond. The appearance of the peak at 2922 cm–1 was 

associated with stretching vibrations of the C–H bond. Coconut dust extract was also 

characterized by a band at 1609 cm–1, which corresponds to bending vibrations of N–H 

groups. The peak at 1452 cm–1 indicates skeletal vibrations of the C–C bond in the benzene 

ring. The peak at 1076 cm–1 corresponds to the bending vibrations of the C–O bond. Thus, 

coconut dust extracts contain oxygen and nitrogen atoms in functional groups (O–H, N–H, 

C–O, etc.) and aromatic rings characteristic of typical corrosion inhibitors [29]. At the same 

time, different peak intensities were noted depending on the solvent used for extraction. The 

most intense peaks were obtained for methanol and H2O, which suggest higher 

concentrations of compounds with the discussed functional groups. 

On the other hand, based on the results of phytochemical screening, a semi-quantitative 

assessment of the presence of organic compounds was carried out. Flavonoids, tannins, 

polyphenols, saponins, phlobatannins, and anthraquinones were detected and indicated in 

Table 3. In this case, the highest content of substances was achieved during extraction with 

water. From the above analysis, water was the most efficient solvent for extracting coconut 

dust and was used for further experiments.  
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Figure 2. FTIR spectrum of the dried coconut dust extract using different solvents: (1) 

acetone, (2) ethanol, (3) methanol, (4) H2O. 

Table 3. The components of coconut dust extracts using different solvents determined by phytochemical 

screening. 

Component 
Solvent  

Acetone Ethanol Methanol H2O 

Tannin ++ ++ +++ +++ 

Polyphenol + ++ ++ ++ 

Flavonoid + ++ ++ +++ 

Phlobatannin ++ ++ ++ ++ 

Anthraquinone + ++ + ++ 

Saponin – + + ++ 

alkaloid – – – – 

Note: (+++) large quantity, (++) medium quantity; (+) small quantity; (–) not detected. 

3.2. Protection capacity for concrete water extract 

At the initial stage of corrosion experiments, the effect of coconut dust extract on the pH of 

the concrete extract was examined (Table 4). At Cinh of over 2 g/L, the concrete extract’s pH 

was less than 10. It was reported that this low pH might lead to spontaneous disruption of 

the passive state in accordance with the Pourbaix diagram for the Fe-H2O system [30]. 

Therefore, further experiments were carried out at Cinh ≤ 2 g/L. 

Table 4. The effect of the coconut dust extract loadings on the pH of concrete extract. 

Cinh, g/L 0.0 0.2 0.5 1.0 1.5 2.0 3.0 

pH 12.4 12.4 12.3 11.8 11.6 11.2 9.8 
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The Ecor values were shifted to the cathodic direction of 60–220 mV by adding coconut 

dust extract into concrete extract in the presence of 3% NaCl, which indicates a predominant 

effect on the cathodic partial reaction of the oxidizer reduction [31]. For the control 

experiment, there was no area of the passive state on the PC’s anodic section (Figure 3, 

curve 1). The activation potential was close to Ecor. A region characterized by limiting 

diffusion current for the oxidizer reduction (air oxygen) was observed at the PC’s cathodic 

section. 

The addition of Cinh 0.2 g/L (Figure 3, curve 2) caused a shift of Ecor towards the 

cathodic region by 0.22 V. Simultaneously, on the anodic portion of the polarization curve, 

a peak in current density is observed in the potential range from –0.52 to –0.42 V. This 

indicates the formation of a passive region at potentials E > –0.42 V following active 

dissolution. In experiments without the extract addition, only active dissolution was 

observed. This suggests the potential of the studied compounds to exhibit inhibitory action. 

However, the current density recorded at the initial portion of the polarization curve is 

comparable to the control experiment (under identical polarization relative to Ecor), 

indicating a high-efficiency level is not expected. 

In the case of Cinh ≥ 0.5 g/L, the current density along the entire PC’s anodic sections 

was lower than that of the control sample (Figure 3, curves 3–6). An active dissolution 

region was not formed. There was the passivation region at a range of Ecor to Eact. When the 

Cinh was increased, the Eact was shifted to positive values. The current density on the PC’s 

cathodic sections was also lower than that of the control experiment. Thus, an inhibitory 

effect of the coconut dust extract was only exhibited at Cinh ≥ 0.5 g/L. 

 

Figure 3. Anodic and cathodic polarization curves of mild steel in a concrete extract with 3% 

NaCl without an inhibitor (1) and in the presence of coconut dust extract at concentrations of 

0.2 (2), 0.5 (3), 1.0 (4), 1.5 (5) and 2.0 g/L (6). 

The calculated icor results are consistent with the data obtained from potentiodynamic 

measurements (Table 5). At Cinh of 0.2 g/L, the efficiency was 9%, which did not exceed the 

error in the icor determination. However, at Cinh ≥ 0.5 g/L, the Zinh values were in the range of 

92.2–94.6%, indicating a high inhibitory activity of the obtained extract. 
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Table 5. Corrosion kinetic parameters of the mild steel electrode in a concrete extract with 3% NaCl in the 

presence of coconut dust extract. 

Cinh, g/L Ecor, mV Rp, kΩ·cm2 ba, mV bc, mV B, mV icor, μA·cm–2 Zinh, % 

0.0 –424 17.1 38.7 48.9 19.7 1.67 – 

0.2 –645 4.5 46.4 7.9 6.8 1.52 9.0 

0.5 –580 56.0 31.1 9.8 7.4 0.13 92.2 

1.0 –488 112.2 36.7 18.1 12.1 0.11 93.4 

1.5 –508 159.0 103.6 16.1 13.9 0.09 94.6 

2.0 –526 53.7 26.6 8.3 6.3 0.12 92.8 

Figure 4a shows that the Nyquist diagrams are similar for both the control experiment 

and the presence of the studied substances, which consist of a distorted semicircle with 

varying diameters and a linear section in the low-frequency region. This “tail” may be 

attributed to the adsorption of the inhibitor or hydroxide ions from the solution onto the steel 

reinforcement. The film spreads over the metal surface due to Warburg diffusion. Therefore, 

there was a significant deviation from the control experiment without additives at all extract 

concentrations. 

The impedance values Z increase (Figure 4b) by 4–10 times with increasing inhibitor 

concentration in the solution. This suggests a reduction in the corrosion rate of the steel 

reinforcement in the investigated solution containing chlorides. The mid-frequency shift of 

the phase angle maximum for the solution without extract indicates a defective passive film 

(Figure 4b). The phase angle maxima for the solutions with extract are shifted towards lower 

investigated frequencies, which may indicate the formation of a protective passive film. 

The inset in Figure 4 presents an equivalent circuit that describes the diagrams 

satisfactorily. Table 6 shows the calculated equivalent circuit elements of the mild steel 

electrode in a concrete extract with 3% NaCl in the presence of coconut dust extract. In the 

case of Cinh ≥ 0.5 g/L, the calculated Rp values correspond to an inhibition efficiency of more 

than 98% (Table 6). As in the potentiodynamic measurements, the highest value (99.06%) 

was obtained at Cinh of 1.5 g/L. At Cinh of 0.2 g/L, the inhibition efficiency was the lowest, 

which also agreed with potentiodynamic measurements. 
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Figure 4. Nyquist (a) and Bode (b) diagrams of the mild steel in a concrete extract with 3% 

NaCl without an inhibitor (1) and in the presence of coconut dust extract at concentrations of 

0.2 (2), 0.5 (3), 1.0 (4), 1.5 (5) and 2.0 g/L (6). The inset is the satisfactory equivalent circuit: 

RΩ – ohmic resistance, CPE – constant phase element, Rp – polarization resistance of the 

electrochemical reaction, W – Warburg impedance. 

Based on the data [32], an efficiency of over 90% indicates an increase in the critical 

chloride concentration to levels higher than those in the studied model solution. This is 

consistent with previous surface analysis results of steel reinforcement using mass 

spectrometry, where no chloride-containing compounds were detected on the surface at 

Cinh = 2.0 g/L [33]. This indicates that the components of the extract have a higher affinity 

for adsorption onto the surface of steel reinforcement in alkaline environments compared to 

chlorides. This leads to the preservation of the passive state of the steel reinforcement. 

During the exposure to concrete extract with 3% NaCl, the values of icor ranging from 

0.77 to 6.27 μA/cm2 were obtained (Figure 5a, curve 1). At Cinh ≥ 1.0 g/L, during the 

observation time, the icor values remained consistently below 1.0 μA/cm2 (Figure 5a, 

curves 4–6). For Cinh of 0.2–0.5 g/L, the icor values were 2.6–5.7 μA/cm2 at the end of the 

experiment (Figure 5a, curves 2–3), likely associated with the disruption of the passive state. 
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Table 6. The calculated equivalent circuit elements of the mild steel electrode in a concrete extract with 3% 

NaCl in the presence of coconut dust extract. 

Cinh, g/L 
Equivalent circuit element 

ηinh, % 
RΩ, Ω·cm2 Rp, kΩ·cm2 CPET, mF/cm2 CPEF W, Ω·s–0.5·cm–2 

0.0 0.52 0.67 1.75 0.81 2.67 – 

0.2 1.24 11.43 1.09 0.76 569 94.14 

0.5 0.95 41.91 1.97 0.72 2133 98.40 

1.0 1.44 46.33 1.96 0.73 3688 98.55 

1.5 1.19 70.98 1.00 0.73 5936 99.06 

2.0 1.08 51.55 1.64 0.70 4826 98.70 

The efficiency for each measurement period (Zinh) consistently exceeds 82% at 

Cinh ≥ 1.0 g/L (Figure 5b, curves 4–6). Interestingly, the Zinh values were from 92 to 98% at 

Cinh of 1.5 g/L. However, the reduction of additive concentrations caused Zinh down to 

negative values. 

 

Figure 5. The icor (a) and Zinh (b) values of the mild steel in a concrete extract with 3% NaCl 

for 50 days without an inhibitor (1) and in the presence of coconut dust extract at 

concentrations of 0.2 (2), 0.5 (3), 1.0 (4), 1.5 (5) and 2.0 g/L (6). 

Figure 6 shows the samples’ surface after 50 days of exposure. As can be seen clearly, 

the control sample had multiple corrosion damages (pitting groups) on the metal surface. 

However, no pitting and corrosion products were observed on the surface of the 

reinforcement sample treated at Cinh of 1.5 g/L. 
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Figure 6. Photos of control (left) and reinforcing treated at Cinh of 1.5 g/L (right) bars after 

50 days of exposure to the concrete extract with 3% NaCl. 

Table 7 indicates the weight loss agreement with the data from electrochemical 

calculations and visual inspection of the sample surface. At Cinh ≥ 1.0 g/L, the value of Zweigh 

exceeded 63%. The highest efficiency (89.3%) was obtained at Cinh of 1.5 g/L. At 

Cinh ≤ 0.5 g/L, the Zweigh value did not exceed 14%, indicating any inhibitory effect. 

Table 7. The weight loss and efficiency of the mild steel electrode in a concrete extract with 3% NaCl in 

the presence of coconut dust extract. 

Cinh, g/L 0.0 0.2 0.5 1.0 1.5 2.0 

mweigh, g/m2·day 1.21 1.06 1.05 0.44 0.13 0.30 

Zweigh, % – 12.4 13.2 63.6 89.3 75.2 

Based on the above results, it has been reliably established that the water extract of 

coconut dust at a concentration of Cinh ≥ 1.0 g/L exhibits an inhibitory effect on the corrosion 

of reinforcing steel. The difference between the results of individual measurements and a 

long-term experiment at Cinh of 0.5 g/L might be due to the peculiarities of the competitive 

adsorption of electrolyte and extracted components at the initial time (individual 

measurements) and during long-term exposure. The long-term experiment data could be 

considered more accurate from an effectiveness assessment methodology perspective. 

3.3. Protection capacity of inhibited mortar for steel 

The corE   values of reinforcing bars in mortar without the addition of coconut dust extract 

(Figure 7a, curve 1) during 45 days corresponded to the range of uncertain corrosion state  

(–350 mV < corE   < –200 mV) according to the criterion [34]. Subsequently, there was a 
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transition into the corrosion range. According to the icor criterion, the impairment of the 

passive state occurred after 75 days (Figure 7b, curve 1). 

 

Figure 7. The corE
 (a) and icor (b) values of mild steel in mortar without an inhibitor (1) and in 

the presence of coconut dust extract at concentrations of 0.2 (2), 0.5 (3), 1.0 (4), 1.5 (5) and 

2.0 g/L (6) when exposed to 3% NaCl within 80 days.  

The corrosion was reliably identified at Cinh of 0.2 g/L based on the corE   criterion during 

the first ten days (Figure 7a, curve 2). Further, the corE   values were measured at the boundary 

between uncertain corrosion and corrosion states throughout testing. According to the icor 

criterion, the loss of the passive state occurred after 75 days (Figure 7b, curve 2). The 

discrepancy between the results of measuring the free corrosion potential during the initial 

stage of measurements was attributed to a lack of oxygen near the reinforcement surface 

upon immersion in a chloride solution. The occurrence of significant negative corE   values 

without a loss of the passive state was a well-described fact [35, 36]. 

At Cinh ≥ 1.0 g/L (Figure 7a, curves 4–6), there was an observed tendency for corE   to 

shift towards positive values (approaching the boundary between the passive and uncertain 

corrosion states), indicating an increase in the protective effect of concrete concerning 

reinforcing steel. The icor values did not exceed 0.05 μA/cm2 during the observation time 

(Figure 7b, curves 4–6). It could be explained that the steel was in a passive state (negligible 

corrosion), particularly considering a potential error in the polarization resistance method up 

to 2 times [37]. 

After the experiment, an inspection of the reinforcing bars revealed pitting in the case 

of the mortar without coconut dust extract (Figure 8a) and at Cinh of 0.2 g/L. However, 

neither corrosion products nor pittings were observed on the surface of the reinforcement at 

Cinh ≥ 0.5 g/L (Figure 8b). 
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Figure 8. Photos of reinforcing bars after 80 days of exposure in mortar without additives (a) 

and in the presence of 2.0 g/L coconut dust extract (b) when exposed to 3% NaCl. 

Table 8 shows that the loss of cross-section (kweigh) is consistent with the 

electrochemical measurements and visual inspection data. The loading of coconut dust 

extract of 0.2 g/L resulted in an approximately 20% increase in the corrosion rate. At 

Cinh ≥ 0.5 g/L, more than 59% of the efficiency was obtained. The most significant inhibitory 

effect of 94.6% was recorded at Cinh ≥ 2.0 g/L. 

Table 8. The loss of cross-section and efficiency of the mild steel electrode in chloride-exposed mortar in 

the presence of coconut dust extract. 

Cinh, g/L 0.0 0.2 0.5 1.0 1.5 2.0 

kweigh, mm/y 0.0037 0.0045 0.0011 0.0015 0.0009 0.0002 

Zweigh, % – –21.6 70.3 59.5 75.7 94.6 

4. Conclusion 

A method for extracting coconut dust (a by-product of coconut fiber production) with a high 

inhibitory effect on the corrosion of steel reinforcement in the presence of chlorides was 

proposed. The highest active substances were obtained using water as a solvent. The 

inhibitory effect of the extract against corrosion of steel reinforcement was reliably obtained 

at Cinh ≥ 1.0 g/L both in model aqueous solutions and in samples of mortar in the presence of 

chlorides. At these concentrations, the efficiency was not less than 60% and reached the 

highest value of 94.6% during long-term experiments in the mortar at Cinh of 2.0 g/L. In 

summary, the coconut dust extract exhibits a promising potential for enhancing corrosion 
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protection in chloride-exposed concrete structures, offering the prospect of prolonged 

structural integrity and durability. 
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