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ABSTRACT 

Corrosion constitutes a significant challenge in the context of infrastructure development, with particular 

implications for steel materials. One common method for preventing corrosion is the application of 

inhibitor materials. Inhibitors are classified into two main categories: organic inhibitors and inorganic 

inhibitors. Inorganic inhibitors are costly and may have adverse environmental effects. Consequently, 

organic inhibitors that are cost-effective and environmentally benign were developed. One plant that has 

the potential to be used as an organic inhibitor is Lophatherum gracile B. (Lophatherum gracile Brogn), 

due to its antioxidant compounds that can prevent corrosion. The objective of this research is to analyze 

the effect of the Lophatherum gracile B. extract inhibitor on the corrosion rate and its inhibition efficiency 

on reinforcing steel. The weight loss method was employed to determine the corrosion rate in a 3% sodium 

chloride (NaCl) medium, with concentration variations of 0%, 2%, and 4% over a duration of 24, 72, and 

96 hours. The findings indicated that the lowest corrosion rate was observed at the 4% concentration, 
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while the highest rate was noted at the 0% concentration. The inhibition efficiency of the Lophatherum 

gracile B. extract was determined to be greater than 66%. The qualitative analysis of the macro photo 

material structure indicated that the steel surface treated with Lophatherum gracile B. extract exhibited a 

reduced level of corrosion in comparison to the control sample. Furthermore, the tensile strength testing 

demonstrated that the decline in the tensile strength of steel could be attenuated through the use of 

inhibitors. These findings suggest that the Lophatherum gracile B. extract is an effective inhibitor material 

for reinforcing steel. 

Keywords-Lophatherum gracile; corrosion; coating; inhibitor  

I. INTRODUCTION  

Steel is a commonly used material in construction due to its 
high tensile strength, which compensates for the tensile 
deficiencies inherent in concrete [1]. Despite the numerous 
advantages of steel, it is highly susceptible to corrosion (rust) 
when used in humid environments [2]. Corrosion is defined as 
an oxidation process that deteriorates the ions in metals, 
thereby reducing the quality and durability of steel and 
compromising the integrity of constructed materials [3]. As 
indicated by data from the World Corrosion Organization 
(WCO), the financial impact of corrosion is estimated at 
approximately USD 2.2 trillion, representing 3% of the global 
Gross Domestic Product (GDP). Furthermore, corrosion 
contributes to an increase in CO₂ emissions on a global scale 
[4]. Coatings are a widely deployed method for the prevention 
of corrosion. Coatings are highly valued for their tensile 
strength, antimicrobial contents, and effectiveness in resisting 
corrosion. The coating serves to safeguard the steel surface by 
forming a protective layer that inhibits corrosion [5]. Inhibitors 
can be employed to forestall acid-induced corrosion and to 
attenuate its deleterious effects on steel [6]. Inhibitors are 
defined as substances that function to impede the oxidation 
reactions in steel, thereby preventing corrosion. Inhibitors can 
be classified into two main categories: organic and inorganic 
[7]. Inorganic inhibitors are composed of toxic substances that 
can be detrimental to human health and costly to produce. [8] 
Organic inhibitors are the most viable and cost-effective means 
of preventing corrosion [9]. Accordingly, a highly efficacious, 
cost-effective, and environmentally benign organic inhibitor 
was developed for corrosion protection [8]. Flavonoids and 
organic acids present in plants have been demonstrated to 
inhibit oxidation reactions [10]. 

One plant that contains these compounds is Lophatherum 
gracile B. Lophatherum gracile B. is a species that exhibits 
optimal growth in humid tropical biomes [11], like in 
Indonesia. Despite its reputation as a weed due to its 
detrimental impact on agricultural crops, Lophatherum gracile 
B. possesses a considerable potential as an organic inhibitor, 
largely due to its antioxidant properties. Lophatherum gracile 
B. contains a variety of bioactive components, including 
flavonoids, polysaccharides, amino acids, and phenolic acids, 
which have been demonstrated to possess antioxidant 
properties [12]. Flavonoids are a class of compounds found in 
Lophatherum gracile B, that have been demonstrated to possess 
antioxidant effects and have the potential to serve as eco-
friendly corrosion inhibitors. Flavonoids are naturally 
occurring compounds that are present within the Lophatherum 
gracile plant. These compounds are known for their diverse 
biological properties and are particularly effective at combating 

harmful free radicals due to their potent antioxidant 
capabilities. Given these characteristics, flavonoids have 
emerged as a promising material for the prevention of 
corrosion. Their capacity to form a protective barrier on metal 
surfaces renders them a promising class of inhibitors for the 
corrosion process [13]. The antioxidant properties of flavonoids 
provide an inhibitory effect, and the formation of a protective 
layer can reduce the corrosion rate and mitigate the formation 
of rust [14]. The objective of this research is to evaluate the 
effectiveness of Lophatherum gracile B. extract as a corrosion 
inhibitor in addressing corrosion-related issues. The research 
entails a comparison of the corrosion rates of steel in the 
presence and absence of Lophatherum gracile B. inhibitors, 
with the objective of deriving inhibition efficiency values for 
the extract. 

II. MATERIALS AND METHODS 

A. Materials 

The materials used for the Lophatherum gracile B. extract 
inhibitors included Lophatherum gracile B. (the sample to be 
extracted), water for sample washing, ethanol 96%, and 
acetone for cleaning steel. To assess the corrosion rate of the 
steel, 13 mm diameter reinforcing steel rods were utilized in 
conjunction with a 3% NaCl corrosion medium. 

B. Methods 

A total of 27 deformed bars, with a diameter of 13 mm and 
a length of 34 cm each, were prepared in accordance with the 
Indonesian National Standard (SNI) 2052:2017 [15]. The steel 
was then subjected to a cleaning process involving soaking in 
an acetone solution. Following this, the steel was dried at room 
temperature for 24 hours. Subsequently, the mass of the steel 
was determined through a weighing procedure. 

C. Preparation of Inhibitor Materials 

Two kilograms of Lophatherum gracile B. were cleaned 
with distilled water and subsequently dried in an oven for a 
period of 24 hours, resulting in the production of 306.7 grams 
of dried material. The dried Lophatherum gracile B. was 
ground using a blender and extracted with 96% ethanol by 
maceration. The mixture was filtered through filter paper to 
obtain the liquid extract, which was subsequently concentrated 
using a rotary evaporator at 80 rpm and 80°C to produce a 
concentrated extract [16], as presented in Figure 1. As shown in 
Figure 2, the final concentrated extract represents a purified 
form of the original mixture, exhibiting a higher concentration 
of the active compounds following the rotary evaporator 
process [16]. 
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D. Coating Application 

The coating of the reinforcing steel commenced with the 
preparation of the coating solution, which involved the 
reduction of the concentrated extract. The dilution of the 
extract with ethanol ensured the uniform application of the 
coating to the steel surfaces. The coating procedure was applied 
to 27 pieces of steel bars, which were organized into three 
distinct groups based on the concentration of the extract used. 
The concentrations tested were 0%, 2%, and 4%, with each 
concentration level having been applied to nine individual steel 
bars, as detailed in Table I. 

 

(a) (b) 

(c) (d) 

(e) (f) 

Fig. 1.  Preparation of Corrosion Inhibitor: (a) separation, (b) cleaning, (c) 

drying, (d) maceration, (e) filtering, (f) extraction. 

 
Fig. 2.  Concentrated extract of Lophatherum gracile B. 

E. Chemical Content Testing 

To identify the specific constituents of Lophatherum gracile 
B. extracts, chemical content tests were conducted using Liquid 
Chromatography-Mass Spectrometry (LC-MS) [17]. This 
method enabled the separation and detection of a range of 
compounds within the extract, resulting in the generation of an 
ion mass spectrum graph. Subsequently, the spectrum was 
subjected to quantitative analysis to ascertain the presence and 
concentration of pivotal bioactive compounds. 

TABLE I.  NUMBER AND VARIABLE OF TEST SPECIMENS 

Soaking Time 

(h) 

Inhibitor 

Concentration (%) 

Number of Test 

Specimens 
Description 

24 

0 3 
Without 

Inhibitor 

2 3 
Inhibitor 

4 3 

72 

0 3 
Without 

Inhibitor 

2 3 
Inhibitor 

4 3 

96 

0 3 
Without 

Inhibitor 

2 3 
Inhibitor 

4 3 
 

F. Corrosion Rate and Inhibition Efficiency Testing 

The corrosion testing was conducted by immersing the 
coated steels in a 3% NaCl solution, which served as the 
corrosion medium, as evidenced in Figure 3. The 3% NaCl 
solution was prepared by dissolving 30 ml of NaCl in 970 ml 
of distilled water [18]. This test also yielded the inhibition 
efficiency value, which was obtained to ascertain the efficacy 
of the usage of Lophatherum gracile B. extract inhibitors in the 
reinforcement of steel. 

 

 

Fig. 3.  Corrosion rate and inhibition efficiency test. 

G. Material Structure Testing Macro Photos 

Material structure tests were conducted using a 200x macro 
lens to examine the steel surface treated with 2% and 4% 
Lophatherum gracile B. extract inhibitor, in comparison to steel 
without the inhibitor, after a 96-hour immersion period. The 
results of the test demonstrated that the steel surface had 
sustained damage as a consequence of exposure to the 
corrosive environment. 
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H. Steel Tensile Strength Testing 

The tensile strength of the steel was evaluated through a 
tensile testing procedure, as depicted in Figure 4. Each 34 cm 
steel piece was marked at both ends to facilitate the positioning 
of the tool. Once the apparatus was activated, the steel was 
pulled at both ends until fracture occurred, and the elongation 
of the steel was subsequently measured. This test was 
employed to ascertain the tensile strength of the reinforcing 
steel and to delineate its intrinsic characteristics. The resulting 
tensile strength data were subjected to mathematical processing 
in accordance with the equations set forth in SNI 8389:2017 for 
metal tensile testing [19]: 

�� �
��

��
     (1) 

where Rm is the tensile strength (MPa), Fm is the maximum load 
(N), and S0 is the initial cross-sectional area of parallel section 
(mm

2
). 

 

 

Fig. 4.  Steel tensile strength test. 

I. Determination of Corrosion Rate of Steel 

Once the requisite corrosion time had elapsed, the steel 
samples were subjected to a cleansing process involving 
soaking in acetone, followed by a 24-hour drying period at 
room temperature. Thereafter, the samples were weighed in 
order to ascertain their final weight. The loss in weight was 
employed to calculate the corrosion rate [20]. The data were 
analyzed using mathematical equations based on the ASTM 
G31-72 standards for laboratory corrosion rate testing [21]. 

�	

	��	
 
��� �
k-w

A�T�ρ
   (2) 

where k is the constant value (3.14 x 10
6
 mpy), T is the soaking 

time (hours), A is the sample area (cm
2
), w is the mass 

difference (mg), and ρ is the density (7.85 mg/mm
3
). 

Furthermore, the inhibition efficiency value of Lophatherum 
gracile B. extract has been calculated using: 

���%� �
��-��

��
 x 100    (3) 

where IE (%) is the inhibition efficiency, W0 is the corrosion 
rate of variation 1 (mpy), W1 is the corrosion rate of variation 2 
(mpy). 

III. RESULTS AND DISCUSSION 

A. Phytochemical Screening Test Analysis 

The identification of extract compounds was conducted 
through the use of a variety of reagents. The presence of 
tannins was indicated by a green-black color resulting from the 
use of ferric chloride (FeCl₃) as a test reagent [22]. The 
presence of flavonoid compounds was identified through the 
use of citric acid and boric acid (H₃BO₃), which resulted in the 
formation of a yellow-green coloration [23]. The identification 
of alkaloids was achieved through the use of Dragendorff's 
reagent, which underwent a color change from orange-red, thus 
confirming the presence of alkaloids [24]. The presence of 
saponins was confirmed through the use of distilled water and 
heating, which resulted in the formation of a stable froth, 
indicative of the compound's presence [25]. The Lophatherum 
gracile B. extract was found to contain tannins, flavonoids, 
alkaloids, and saponins. Authors in [25] reported that 
Lophatherum gracile B. contains various bioactive compounds, 
including polyphenols, alkaloids, and flavonoids, which can 
provide antioxidant effects and inhibit corrosion rates. The 
content of Lophatherum gracile B. is shown in Table II. 

TABLE II.  PRELIMINARY PHYTOCHEMICAL ANALYSIS OF 
LOPHATHERUM GRACILE BROGN EXTRACT 

No Phytochemicals Result Phytochemical test 

1. Tannins + FeCl3 

2. Flavonoids + H3BO3 

3. Alkaloids + Dragendorf 

4. Saponins + Froth test 

5. Triterpenoids - Liebermann-Burchard 

The "+" symbol indicates the successful detection of these phytochemicals in the Lophatherum 
gracile B 

 

B. Chemical Content Test Analysis 

The LC-MS test revealed that the organic compound 
contains the following chemical groups: chlorine, phenyl, and 
alkyl (Figure 5). Both the alkyl and phenyl groups were found 
to exhibit ideal antioxidant properties and a strong antioxidant 
capacity at elevated temperatures [26]. It can be, therefore, 
reasonably concluded that these compounds have the potential 
to be developed into coatings that prevent corrosion and can be 
used as corrosion inhibitors. The extract contains 
ethyl(dimethyl)sulfonium, a derivative of chitosan acetate. 
Derivatives of chitosan acetate with sulfonium salts are known 
to possess antioxidant properties and low toxicity [27]. These 
findings indicate that the Lophatherum gracile B. extract has 
significant potential for effectively inhibiting the corrosion rate 
of reinforcing steel. 
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Fig. 5.  LC-MS ion mass spectrum graph. 

C. Corrosion Rate and Inhibition Efficiency Test Results 

The quantitative results of the corrosion rate test and the 
inhibition efficiency value of the Lophatherum gracile B. 
extract are presented in Table III. 

TABLE III.  WEIGHT LOSS AND CORROSION RATE OF 
STEEL 

Inhibitor 

Concentrati

on (%) 

Soaking 

Time 

(Hour) 

Initial 

Weight 

(G) 

Final  

Weight 

(G) 

Weight 

Change 

(G) 

Corrosion 

Rate 

(mpy) 

Inhibition 

Efficiency 

(%) 

0% 

24 

328.3 328.2 0.13 0.025 - 

2% 327.5 327.4 0.03 0.006 75 

4% 324.4 324.4 0.00 0.000 100 

0% 

72 

327.0 326.8 0.20 0.012 - 

2% 326.9 326.9 0.07 0.004 66.7 
4% 332.2 332.2 0.07 0.004 66.7 

0% 

96 

328.8 328.5 0.27 0.012 - 

2% 324.5 324.5 0.07 0.003 75 

4% 331.9 331.9 0.07 0.003 75 

 

D. Effect of Immersion Duration on Weight Loss of Steel 

As shown in Figure 6, the greatest reduction in weight is 
observed in steel samples with a 0% concentration after 96 
hours of immersion, amounting to 0.27 grams. Conversely, 
steel samples treated with 2% and 4% of the Lophatherum 
gracile B. extract inhibitor demonstrated a weight loss of 0.07 
grams. This suggests that steel treated with Lophatherum 
gracile B. inhibitors demonstrated a markedly reduced rate of 
weight loss. The data indicate that the use of Lophatherum 
gracile B. inhibitors is an effective method for protecting metal 
surfaces, reducing weight loss, and slowing the corrosion rate 
of reinforcing steel. This finding demonstrated that inhibitors 
can provide a protective shielding effect that minimizes 
corrosion [28], as portrayed in Figure 7. 

 
Fig. 6.  Reinforcing steel weight loss diagram. 

E. Effect of Inhibitors on Corrosion Rate 

Figure 8 shows that the highest corrosion rate was observed 
at a 0% concentration of 0.025 mpy, while the lowest corrosion 
rate was observed at a 4% concentration of 0 mpy over a 96-
hour duration, exhibiting an outstanding corrosion resistance 
level of <1 mpy, as documented in the Corrosion Engineering 
textbook. This indicates that steel with inhibitors exhibits a 
diminished corrosion rate in comparison to steel lacking such 
inhibitors. In particular, the corrosion rate of steel with 
inhibitors is significantly reduced in comparison to that of 
untreated steel, emphasizing the efficacy of these green 
inhibitors in enhancing the longevity and durability of steel 
components. 
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Fig. 7.  Corrosion protection on steel. 

 
Fig. 8.  Corrosion rate diagram. 

F. Inhibitor Efficiency 

The capacity of Lophatherum gracile B. extract to impede 
corrosion on reinforcing steel was evaluated through the 
calculation of its inhibition efficiency, as presented in Figure 9. 
The Lophatherum gracile B. extract inhibitors demonstrated 
efficacy values exceeding 66% across all test specimen 
variations. The highest efficiency of 100% was observed at a 
4% concentration, while a 75% efficiency was achieved at a 
2% concentration. This finding is consistent with the results 
reported by in [29], where an efficiency of 71.43% for the 
green tea extract was observed. This suggests that the extract is 
more effective in preventing corrosion than previous studies 
have indicated and is a more cost-effective solution. At 
immersion durations of 72 hours and 96 hours, the efficiency 
values for the 2% and 4% concentrations were found to be 
similar, indicating that a 2% concentration of the inhibitor 
extract may be the optimal choice for preventing the corrosion 
of reinforcing steel. 

G. Material Structure Test Results Macro Photo 

Macro photographs of the steel surface structure were 
obtained using an 100 mm macro lens with a magnification at 
twice the original size, as displayed in Figures 10 and 11. 

Figure 10 provides a detailed macro-photographic 
representation of the steel surface that was subjected to 
immersion in a corrosive NaCl solution for 96 hours without 
the application of any inhibitor. This revealed pronounced 
deterioration, which is characterized by extensive pitting and 
surface degradation. This considerable deterioration can be 
attributed to the aggressive nature of the NaCl solution, which 

facilitates corrosive reactions that result in the breakdown of 
the steel's protective oxide layer.  

 

 

Fig. 9.  Inhibition efficiency Lophatherum gracile B. 

 

Fig. 10.  The 0% concentration steel at 96 hours immersion. 

 

Fig. 11.  The 2% concentration steel at 96 hours of immersion. 

Figure 11 depicts the steel surface treated with a 2% 
inhibitor concentration under identical immersion conditions 
for 96 hours. The macro-photographs demonstrate a markedly 
improved preservation of the steel surface, with significantly 
less corrosion and minimal pitting, indicative of the inhibitor's 
effective protective role in mitigating the corrosive effects of 
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the NaCl solution. As shown in Figure 11, macro images of the 
steel surface with a 2% inhibitor concentration after 96 hours of 
immersion demonstrated a notable reduction in corrosion 
compared to the steel with a 0% inhibitor concentration. The 
presence of corrosion is evident on the steel surface in the 
absence of inhibitor protection, while the corrosion rate 
decreases with increasing inhibitor concentration. This 
observation is consistent with the findings in [29], where it was 
reported that corrosion inhibitors can form a protective layer, 
thereby providing enhanced corrosion protection for metals 
exposed to aggressive environments [30]. It can be thus 
concluded that the Lophatherum gracile B. extract is effective 
in reducing the corrosion rate of reinforcing steel. 

H. Steel Tensile Strength Test Result 

Tensile strength testing was conducted on the steel in order 
to evaluate the mechanical properties of the material following 
the exposure to corrosion. Figure 12 depicts the correlation 
between the tensile strength of steel and alterations in inhibitor 
concentration, as well as the duration of immersion. 

 

 
Fig. 12.  Steel tensile strength test. 

Figure 12 displays that the tensile strength of steel exhibits 
a decline with the prolongation of immersion periods. For 
samples immersed for 24 hours, the highest tensile strength of 
675 N/mm² was observed at both 2% and 4% inhibitor 
concentrations. At 72 hours of immersion, the highest tensile 
strength of 654 N/mm² was achieved at the same 
concentrations. A 96-hour immersion period yielded the 
highest tensile strength of 650.6 N/mm², which was observed at 
a 2% concentration. These findings suggest that the 
incorporation of inhibitors can effectively mitigate the decline 
in tensile strength observed in steel specimens. Although there 
is no significant difference in tensile strength between the 2% 
and 4% concentrations, the 2% concentration is recommended 
as it is more effective in minimizing the decline in tensile 
strength. These findings are consistent with those in [30], 
which highlight that corrosion not only causes weight loss, but 
also affects the quality of steel materials [31]. 

IV. CONCLUSIONS 

This research project examined the potential of 
Lophatherum gracile B. extract as a natural, environmentally 
friendly alternative to traditional chemical corrosion inhibitors. 
The impetus for this study was the mounting necessity for 
sustainable and non-toxic corrosion prevention methodologies. 
The findings indicated that the Lophatherum gracile B. extract 
is an effective inhibitor of corrosion in steel. Based on the 
findings of the research, the following conclusions were drawn: 

 The usage of Lophatherum gracile B. extract as a corrosion 
inhibitor for steel has been demonstrated to markedly 
diminish weight loss, thereby effectively inhibiting the 
corrosion rate. This is likely due to the presence of 
phytochemicals in the extract, including alkaloids, 
flavonoids, and tannins, which can form a protective film 
on the steel surface, preventing direct contact with the 
corrosive environment. 

 The corrosion inhibition efficiency of the Lophatherum 
gracile B. extract was found to be comparable to that of 
conventional inhibitors, with inhibition values ranging from 
66.67% to 100%. This indicates that the natural extract is a 
promising alternative to synthetic inhibitors for the 
protection of steel from corrosion. 

 The Lophatherum gracile B. extract has exhibited 
considerable potential as a corrosion inhibitor for steel, 
effectively preserving its mechanical strength. The extract 
was found to be most efficacious at a concentration of 2%. 
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