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ABSTRACT 

Corrosion of API 5L X70 carbon steel in mixed acidic oil and gas environments remains a critical challenge, prompting the 

need for eco-friendly, cost-effective inhibitors such as plant-based extracts. In this research, the corrosion inhibition of carbon 

steel (API 5LX70) using the weight-loss method and Hibiscus sabdariffa Zobo Leaf Extracts (ZLE) in a mixed acid medium 

was studied to confirm its anti-corrosion properties. The prepared steel sample was characterised by XRF analysis, which 

indicated a high iron content (Fe2O3: 89.68 wt%). Acid-base mixtures (H₂SO₄, HNO₃, HCl, NaCl, Na₂CO₃) were optimised 

by using RSM/Simplex Lattice Tool in order to simulate the amphoteric conditions within a typical oil and gas well. Optimum 

inhibitor concentration of ZLE leaf extracts in acid-based solution was established as 1.1 g/L, 1.42 g/L and 1.72 g/L, 

respectively. The physicochemical analysis indicated that ZLE leaf extract was acidic (pH:3.46) with a moisture content of 

0.001% while the phytochemical properties were rich in secondary metabolites, especially flavonoids, being the most 

abundant (22.46) for ZLE leaf extract, confirming its suitability as a corrosion inhibitor. The weight loss and corrosion rate 

of the carbon steel sample decrease as the ZLE extract concentration rises, but they increase with the temperature and 

immersion time. At the highest concentration (1.72g/L) of ZLE leaf extracts, the highest inhibitor efficiency was 91.89% 

with attendant corrosion rate of 22.63 mm/yr at 80°C for 6 hr, while the lowest corrosion rate was 1.09 mm/y at 40°C for 4 

hr. The study concluded that the ZLE leaf extracts at a concentration of ≥1.72 g/L could serve as a green corrosion inhibitor 

for carbon steel pipelines in the Nigerian oil and gas industries. 
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INTRODUCTION 

Corrosion is a naturally occurring oxidation of metals, 

transforming them into stable thermodynamic forms such as 

iron oxides, hydroxides, or sulfides (Zuo et al. 2004). 

According to a recent report by NACE International, the 

global cost of corrosion was estimated to be $2.5 trillion in 

2016, which is equivalent to 3.4% of the world’s gross 

domestic product (Yang, 2020). Carbon Steel is a vital 

material commonly used in the global oil and gas industry 

(Zuo et al. 2004; Birat, 2020). Steel is usually a mixture of 

iron and other elements, mainly carbon and alloys to 

improve its mechanical properties (Schlegel, 2023). 

Corrosion of metals results in significant material loss, 

equipment damage, operational costs, economic losses, 

accidents, environmental and safety hazards (Petrović, 

2016). Carbon steel, particularly API5LX70, is the most 

common type of steel for oil and gas pipelines due to its high 

strength, ductility, weldability and corrosion resistance 

properties for challenging applications (Masoumi et al., 

2018). However, carbon steel materials are susceptible to 

severe corrosion when exposed to acidic environments in oil 

and gas industries, such as those often used in industrial 

processes, namely acid washing, descaling, pickling, and oil 

well acidising (Onojake and Waka, 2021). The conventional 

inorganic inhibitors used to control steel corrosion are very 

expensive, toxic and harmful to the environment (Al-Amiery 

et al., 2023). 
 

The disadvantages of inorganic corrosion inhibitors have 

prompted global research for cost-effective and eco-friendly 

corrosion inhibitors, otherwise known as green corrosion 

inhibitors (Popoola, 2019). Several studies have been 

conducted on the use of green plants as corrosion inhibitors 

for steels in acidic solutions, but with limited studies on 

Zobo leaves extracts as corrosion inhibitors in acid-base 

mixtures to simulate the real-life amphoteric conditions in 

oil and gas wells. The red Hibiscus sabdariffa (Zobo) plants, 

known popularly for making zobo drink, are majorly 

cultivated in northern Nigerian states of Kano, Katsina, 

Bauchi, Gombe, Borno and Jigawa (Iloegbune-Onyekwere, 

2025). Nigeria exports approximately 80,000 to 100,000 

metric tons of hibiscus annually (Al Jahdaly et al., 2022). 

The images of Hibiscus sabdariffa (Zobo) plants are shown 

Fig.1:  

 

  

 

 

 

 

 

 

 

 

 

Fig.1: Hibiscus sabdariffa (Zobo) plants 

 

Therefore, there is unending research to explore the 

corrosion inhibitive properties of green plants, including the 

evaluation of new test methods in electrochemical testing, 
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characterisation, modelling and optimisation of their 

corrosion control properties. In this study, we investigated 

the phytochemicals and anti-corrosion properties of Hibiscus 

sabdariffa (Zobo) leaves extract (ZLE) for natural gas 

pipeline (API5LX70) using the gravimetric method in acid-

base solutions. 

 

MATERIALS AND METHODS  

The Hibiscus sabdariffa (Zobo) leaves, as shown in Fig. 2 

were collected from a Farmer in Kano State to obtain the leaf 

extract for the experimental study.  

 

 

 

 

 

 

 

 

 

 

 

Fig.2: Hibiscus sabdariffa (Zobo) leaves 

 

The chemicals (ethanol, H2SO4, HNO3, HCl, NaCl, Na2CO3, 

acetone, etc.) purchased from Warri in Delta State for this 

study were of analytical grades to ensure purity, accuracy 

and consistency of experimental results. The carbon steel 

samples were collected from natural gas pipeline project 

construction sites at Kaduna State, Nigeria. The major 

equipment used for the experimental study includes a 

weighing balance, emery paper, beakers, a conical flask, a 

mechanical blender, a thermometer, a Soxhlet extractor, a 

test tube, a sieve, an electric oven, a heating mantle and a 

water bath.  

 

1.1 Preparation of Hibiscus sabdariffa (Zobo) Leaves 

Extract: The collected fresh Zobo leaves were washed with 

distilled water to remove dust and dirt. The leaves were 

oven-dried at 80oC for 1hour and ground into powder size of 

0.85 mm. 

 

 

 

 

 

 

 

 

 

 

     

  Fig. 3: Zobo Leave Powder and Leave Extract 

 

The Soxhlet extractor of 1000 mL capacity was used to carry 

out the extraction of the corrosion inhibitor content of the 

Hibiscus sabdariffa (Zobo) leaves by mixing 50 g of the 

leaves powder with 300 mL of acetone, filtering, and the 

recovered extract was put inside a batch reactor and heated 

on a mantle at 56-58°C to remove the acetone solvent. The 

resulting liquid extract with residual acetone was 

concentrated using a rotary evaporator, and the pure leaf 

extract free of acetone was collected and stored in a clean 

air-tight container for the experimental study.  

 

1.2 Characterisation of Hibiscus sabdariffa (Zobo) Leaf 

Extract: The phytochemicals of Hibiscus sabdariffa (Zobo) 

leaf extract were obtained by qualitative/quantitative 

methods (Oghenerukevwe et al., 2024; Ishaka et al., 2025).  

The table below shows phytochemical constituents of 

Hibiscus sabdariffa (Zobo) leaf extract that enhance its 

corrosion inhibitive properties. 

 

Table 1: The Phytochemicals of Hibiscus sabdariffa (Zobo) 

Leaves Extract 

Phytochemicals Quality  Quantity 

Flavonoids - 22.46 

Tannins ++ 16.64 

Saponins ++ 1.10 

Glycosides ++ 0.32 

   Phenol - 0.99 

   Alkaloids - 2.32 

The ++ connotes the presence of an organic 

compound, while - connotes the absence of an organic 

compound 

 

The physicochemical analysis indicated that the ZLE leaves 

extract was acidic (pH:3.46) with a moisture content of 

0.001%, greenish red liquid, specific gravity and 

Viscosity(mm2/s) @30oC were 0.96 and 53.32, respectively.  

 

1.3 Characterisation of the Carbon steel samples 

(API5LX70): Carbon steel samples used in this study were 

collected from natural Gas pipeline project construction sites 

at Kaduna state, Nigeria. The carbon steel, identified as API 

5LX70 was cold cut into standard dimensions to allow easy 

grinding to obtain the steel filings.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Carbon Steel Samples (API5LX70) 
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The prepared steel sample was characterised using X-Ray 

Fluorescence (XRF) in order to evaluate the elemental 

composition as recorded in Table 2 and Fig. 5.  

 

RESULTS AND DISCUSSION 

Table 2: Elemental Composition of the Corroded Carbon 

Steel Sample (API5LX70) 

 

 
 

The characterisation test results of the corroded carbon steel 

(API5LX70) sample indicated high iron content, which 

confirms its tendency for corrosion and suitability for this 

study, as previously reported a long time ago (Walker et al., 

1907).  

 

 
 

Fig. 5: Graph of carbon steel composition 

 
1.4 Acid-Base Concentrations: The Design Expert 

Software was adopted to determine 25 experimental runs 

to establish optimum concentrations of acid-base mixtures 

using the response surface method, as shown in Table 4. 

These variables are acid and base concentrations 

reportedly used for corrosion test analysis in the oil and gas 

industries, as shown in Table 3 below. The values of the % 

NaCl were first converted to molarity (M) to ensure 

uniform dimensions. 

 

 
 
 
 
 
 

Table 3: Variables and their low and high values 

 for design mixture by optimal design 

Variables Units Low High 

H2SO4  M 0.2 1.9 

HCl  M 0.5 2 

HNO3  M 1 2.7 

NaCl  % 3.5 5 

Na2CO3  M 0.1 0.5 

 

The mixture concentrations were obtained by serial dilutions 

of already prepared stock solutions of the acids and bases.  

 

Volume/Concentration of Solutions: 

 

C1C1 = C2C2                                                     (1.0)  

 

Moles = Molarity x Liters                           (1.1) 

 

Where C1, V1 are the concentration and volume of the 

solution, respectively. 

 

Three optimum concentrations of the ZLE in the presence of 

acid-base solutions (pH≤2) were calculated as 1.10g/L, 

1.42g/L, and 1.72g/L, respectively. The simplex lattice tool 

was further used to screen and validate the calculated values. 

Remarkably, the concentrations of H2SO4, HCl, and HNO3 

appeared to be controlling and significant variables used for 

the study.  

 

1.5 The Gravimetric Corrosion Test:   

The carbon steel (API5LX70) samples were cut into coupon 

sizes of 1.50 cm x 1.0 cm and subsequently polished surfaces 

using emery paper for removal to any oil and organic 

impurities, followed by degreasing with n-hexane, washing 

with ionised water, air dried and stored in desiccators. The 

initial weight ( 𝑊0) of the carbon steel (API 5LX70) 

corrosion coupons was measured and recorded before 

starting the experiments. For the blank corrosion test, the 

dried coupons were dropped in 1.10 g/L, 1.42 g/L, and 1.72 

g/L of blend acid solutions with and without the ZLE at 

different contact times/temperatures of 2 hr, 4 hr, 6 hr and 

40oC, 60oC and 80oC respectively.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Immersion of steel samples in acidic solutions   
 

Composition wt% mol%
SiO2 2.767 6.64
MnO 0.869 1.749
Fe2O3 89.677 80.98
SO3 0.209 0.376
CaO 0.563 1.449
Al2O3 3.939 2.337
Ta2O3 0.228 0.075
Cl 0.339 1.622
SnO2 0.268 0.189
SrO 0.11 0.153
Rb2O 0.128 0.099
BaO 0.12 0.113
CoO 0.148 0.284
CuO 0.123 0.224
V2O5 0.114 0.09
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After immersion at the required time and temperature, 
the corrosion steel samples were removed, washed 
thoroughly to remove the corrosion products, cleaned 
with emery paper, rinsed with ionised water and dried 
in acetone as previously. 
 
Table 4: Experimental Results using Simplex Lattice 

Mixture Design (SLMD) of Response Surface Method. 

 
 

The carbon steel (API 5LX70) sample was re-weighed 
(𝑊1) to determine the weight loss (g) by calculating sample 

weight before and after immersion. The following equations 

(1.2-1.5) were used to calculate the corrosion rates (mm/yr), 

surface coverage (𝜃) and inhibitor efficiency (IE).  

 

∆W = Wb − Wa                                               (1.2) 

θ = (1 −
CR1

CR0
)                                                    (1.3) 

CR (mm yr)⁄ =
67.6 ∆W

DAT
                                      (1.4) 

IE (%) = (1 −
CR1

CR0
)  X 100                              (1.5) 

Where: Wb and Wa are the weights before and after 

immersion of the alloy steel sample, respectively. CR1 and 

CR0 are the corrosion rate values in the presence and 

absence of the inhibitor, respectively. A is the total surface 

area of the alloy steel sample, D is the density of alloy steel 

in g/cm3, 67.6 is the corrosion rate constant, and T is the 

immersion time. 

 

Table 5 shows the recorded experiment results of the 

corrosion rates (R), surface coverage ( 𝜃) and inhibitor 

efficiency (IE%) of carbon steel API 5LX70 in the mixed 

acidic solutions. 

 

Table 5: Weight Loss Test Results for carbon steel samples 

(API 5LX70) 

 
 

The phytochemical tests confirmed the qualitative and 

quantitative existence of several secondary metabolites such 

as flavonoids, glycosides, tannins, saponins, alkaloids, 

phenols, and steroids. The presence of these bioactive 

compounds in Hibiscus sabdariffa (Zobo) leaf extracts 

(ZLE) confirmed its potential suitability as a Green 

Corrosion Inhibitor. The ZLE was richer in flavonoids, being 

the most abundant (22.46) among the several reported 

secondary metabolites. The qualitative analysis indicated the 

absence of flavonoids, alkaloids and phenols. The 

characterisation test results of the corroded carbon steel (API 

5LX70) sample using XRF analysis, which indicated high 

iron content (Fe2O3@89.68wt%) which confirmed the 

suitability of the sample for corrosion test and its 

susceptibility to corrosion attack. The physicochemical 
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analysis indicated that the ZLE leaf extract was acidic 

(pH:3.46) with a moisture content of 0.001%, greenish red 

liquid, specific gravity@30oC and viscosity@30°C (mm2/s) 

were 0.96 and 53.32, respectively. The weight loss and 

corrosion rate of carbon steel API 5LX70 decreased as the 

extract concentration rose, but they increased with the 

temperature and immersion period rise, as shown in Fig. 6a-

c. 

 
Fig. 6a: Graph of ∆w (g) vs IE% 

 

 
Fig. 6b: Graph of ∆w (g) vs IE% 

 

 
Fig. 6c: Graph of ∆w (g) vs IE% 

 

As the leaves extract concentrations and temperature rises, 

so does the ZLE inhibition efficiency (I.E%) as shown in 

Fig. 7d-f. This is due to the inhibitor's greater protection as 

concentration rises will increase the formation of more 

passive protection and the corrosion resistance of carbon 

steel API 5LX70 in comparison to the blank test sample, as 

indicated in Fig. 7d-f. 

 

 
Fig. 7d: Inhibitor Conc.(g/l) vs IE% 

 

 
Fig. 7e: Inhibitor Conc.(g/l) vs IE% 
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Fig. 7f: Inhibitor Conc.(g/l) vs IE% 

 

Besides, the degree of surface area coverage for protection 

of corroded carbon steel increased with an increase in 

concentration of the Hibiscus sabdariffa ZLE leaf extracts 

owing to the existence of several bioactive secondary 

metabolites (flavonoids, glycosides, tannins, saponins, 

alkaloids, phenols, steroids) known for their anticorrosion 

properties as green corrosion inhibitors as shown in Fig. 8g-

j.  

 

 
Fig. 8g: Surface Coverage vs Inhibitor Conc.(g/l) 

 

 
Fig. 8h: Surface Coverage vs Inhibitor Conc.(g/l) 

 
Fig.8i: Surface Coverage vs Inhibitor Conc.(g/l) 

 

 
Fig. 8j: Showing surface coverage by inhibitor  

 

At the highest concentration (1.72g/L) of ZLE leaves extract, 

the highest inhibitor efficiency was 91.89% with attendant 

corrosion rate of 22.63 mm/yr at 80oC for 6 hr exposure, 

while the lowest corrosion rate was 1.09mm/y at 40oC for 4 

hr exposure as shown in Fig. 9k.  
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Fig.9k: Graph Corrosion Rate vs Inhibition Conc.(g/l) vs 

Inhibitor Efficiency (IE%) 

 

CONCLUSION  

This study demonstrates the potential of Hibiscus sabdariffa 

ZLE leaf extracts as an effective corrosion inhibitor for 

carbon steel (API5Lx70) in a blend acid solution. The 

acetone extract of ZLE exhibited a notable decrease in the 

corrosion rate of carbon steel at the nominated experimental 

temperatures and contact time.   

 

The phytochemicals of ZLE indicated the presence of 

bioactive compounds that are responsible for the formation 

of a protective film on the metal surface, thereby hindering 

direct contact between the carbon steel sample and the acidic 

medium. Importantly, the inhibition efficiency of the ZLE 

extract showed an increasing trend with rising 

concentrations, ranging from 1.10g/L, 1.42g/L, and 1.72g/L. 

The observed weight loss of carbon steel coupons increased 

with prolonged exposure time, signifying progressive 

corrosion by the acidic medium. Nonetheless, this weight 

loss exhibited an inverse relationship with inhibition 

efficiency and surface coverage of the inhibitor, which both 

increased with higher concentrations of the extract. These 

findings collectively suggest that ZLE holds promise as a 

green and eco-friendly corrosion inhibitor for carbon steel 

(API5LX70) in acidic environments. The development and 

utilisation of such natural inhibitors will greatly contribute 

to sustainable corrosion mitigation strategies in the Nigerian 

oil and gas industry.  
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