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Abstract 
The word corrosion has been a major issue in the industry, especially in industrial 
infrastructures, such as steel materials, causing great losses in revenues and environmental 
pollution. This research goal was to contribute to solving the aforementioned issues.  CP as 
CI, on TS samples in 0.5 M HCl and 0.25 M H2SO4 media, was studied via electrochemical, 
FTIR and OM techniques. All the results proved the presence of active components in CP, 
which mitigated TS samples corrosion in the corrosive media. CR reduced greatly for all the 
TS samples, as CP IE(%) increased. Also, OCP showed that CP operated with mixed 
adsorption mechanisms. FTIR analysis revealed the numerous functional groups that enabled 
CP IE(%), by retarding TS samples corrosion. OM images showed the corrosion damage on 
TS samples without CP, and the film coverage on the alloy, after the inhibitor addition. This 
confirms CP excellent adsorption onto TS samples. 
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Introduction  
Corrosion is a process whereby materials are degraded due to their interaction with the 
environment. There is a deep industrial and academic interest on CI [1, 2].  
Corrosion is often encountered and difficult to eliminate, but it can be reduced or 
prevented [3].  
CI are chemicals that slow down CR, when applied in small quantities to environments 
that cause corrosion [4].  
Recently, researchers have looked into finding suitable organic inhibitors for various 
corrosive media [5].  
These inhibitors lower the corrosion process, enhancing or changing the cathodic or 
anodic reaction, decreasing the reactants diffusion rate towards the metal surface, and 
lowering its electrical resistance [6].  
                                                           
 The abbreviations list is in pages 120-121. 
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The inhibitor type and C, the metal surface microstructure, IT, the solution pH and T have 
an effect on the contact with the surface and creation of a protective film on it [7-10].  
Organic CI, such as grapefruit peels used in this research, are environmentally benign, 
non-toxic and inexpensive [11-16].  
Grapefruit is a citrus fruit with a bittersweet or sour flavor. It contains several vitamins 
and minerals. It can be eaten whole, in juice or in pulp form. It may also help with 
weight control [17].  
Ti is a naturally occurring metal with various advantageous mechanical and chemical 
properties. It is among the most regularly employed building materials in the aerospace 
sector. Ti alloys have become increasingly popular, due to their low cost, increased 
availability, lightweight, high strength-to-weight ratio and low elasticity modulus. It is 
currently widely employed in a variety of industrial applications. Paints, coatings, steel-
alloying, jewelry, industrial storage tanks, building materials and automotive are just a 
few of Ti and its alloys applications [18].  
This study examined CP as an oil-based inhibitor for preventing TS corrosion in 0.5 M 
HCl and 0.25 M H2SO4 media. WL and OCP techniques were used to investigate the 
impact of CP surfactant inhibitor. To demonstrate the IE(%) of TS corrosion by CP, Pc 
tests were performed, and the adsorption isotherm was studied. 
 
Experimental methods  
Oil extract from CP peels was bought from a market in Ota, Ogun State, Nigeria. The 
grapefruit peels were cut into pieces and dried in an oven for two days, at 150 ºC, to remove 
their moisture. The dried peels were blended. 800 g pulverized grape peels were placed 
onto a filter paper, put in a simple distillation flask, and saturated with C6H14 extractor 
solvent, which was added underneath the flask. After that, the flask equipment was heated 
to extract CP oil. C6H14 was removed after being boiled. The chemical composition test 
and Pc analysis of CP extracted oil were done at the Department of Chemistry, Covenant 
University. The acidic solutions were prepared with 200 mL 0.25 M H2SO4 and 0.5 M HCl 
with distilled H2O. CP was added to the acidic solutions in the following proportions: 5, 4, 
3, 2 and 1 mL, respectively. TS samples were prepared and cut into 10 x 10 x 3 mm pieces. 
This analysis was carried out for 336 h (14 days). The sample was removed every 24 h 
from the acids and inhibitor mixture, washed in water and acetone, dried and weighed 
appropriately. XRF, at the University of Ibadan, was used for WL and polarization 
measurements. CR and IE(%) were calculated using the mathematical formulae in 
equations 1 and 2, respectively. 
 
 𝐶𝑅 =

.
 (1) 

 
where A represents area (cm2), T represents IT (h), and D represents density (g/cm2). 
The mathematical expression was used to approximate IE(%). 
 
 IE(%) =  ˟100 (2) 
 
where ω1 and ω2 represent WL of TS without and with CP in the electrolyte, at specific C.  
Table 1 shows Pc constituents of CP. 
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Table 1: Pc constituents present in CP. 
S/N Pc compound Result 

1 Tannin + 
2 Saponin - 
3 Flavonoids + 
4 Quinones - 
5 Coumarin - 
6 Terpenoids + 
7 Glycoside + 
8 Alkaloids + 
9 Steroids + 
10 Phenol + 
11 Carbohydrate + 

Key: “+” active compound present; “-” active compound absent. 
 

Results and discussion 
WL study and OCP  
The previous report of this work recorded OCP and WL results by showing CP 
excellent performance. WL experiment was carried out for 336 h IT. CR and IE(%) 
values, for TS samples in both HCl and H2SO4 solutions with CP, were calculated. 
OCP analysis demonstrated that CP performed predominantly as a mixed inhibitor in 
both acidic solutions, thereby suppressing CR to reasonable values. The summary of 
the results is expressed in Table 2. 
 

Table 2: Summary of CR, IE(%) and OCP results. 
Parameters HCl H2SO4 
CR (mm/y) 0.0002 0.0403 
IE(%) 91 77 
OCP  anodic reaction cathodic reaction 

 

FTIR analysis 
FTIR analysis was carried out to confirm the presence of various functional groups in 
CP organic compounds. Figs. 1 and 2 demonstrate the curves of transmission [%] and 
WN (cm-1), by showing the functional groups present in CP extract. For instance, 
some functional groups were recognized at WN different slopes, and compared with 
the theoretical table [19]. Alkene with =C-H stretch bond, at 1250-1020 cm-1 WN, 
and aliphatic amines were depleted by the transmittance [%] slope reduction, with the 
formation of a thick film on the TS surfaces. Alcohols, carboxylic acid and esters C-
O stretch bonds were due to CR retardation, as the WN moved to 1320-1000 cm-1. 
Also, the slope in Fig. 2 shows that, at 2695-2830 cm-1 WN, aldehydes H-C=O:C-H 
stretch bond was noted. At that point, the transmittance slope was reduced from 42 to 
26%, confirming CP great adsorption performance. At 2830-3000 cm-1 WN, C-H 
stretch bond revealed alkane formation. At 3200-3500 cm-1 WN, O-H stretch, H-
bonded alcohols and phenols were produced [20]. Furthermore, CP molecules were 
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actively absorbed onto the TS samples surface, and most polar functional groups 
strongly displaced SO4

2- and Cl- ions active corrosion agents in the solutions. 
 

 
Figure 1: FTIR analysis of CP in a 0.25 M HCl solution. 

 

 
Figure 2:  FTIR analysis of CP in a 0.25 M H2SO4 solution. 

 
OM images  
TS samples were viewed under OM, to assess chloride and H2SO4 corrosion damage 
effect on the TS surface, before and after corrosion, without and with 1 and 5% C of 
CP. Fig. 3 shows OM image of the uncorroded TS sample. TS samples had a mirror-
like shining surface, which indicated no degradation.  
 

 
Figure 3: TS sample before corrosion. 



Olayemi Odunlami et al. / Portugaliae Electrochimica Acta 42 (2024) 115-122 

119 
 

Fig. 4 shows that most of the magnified TS sample surface was damaged by general 
corrosion [21].  
 

 
Figure 4: Effect of HCl solution on TS (without CP, and after corrosion). 

 

In Fig. 5, it is seen that the entire TS surface has pitting corrosion, which suggests 
damage by SO4

2- ion [22].  
 

 
Figure 5: Effect of the H2SO4 solution on TS (without CP and after corrosion).  

 

Figs. 6 and 7 show that CP protected the TS surface from general and pitting 
corrosion. CP created a film that covered the TS surface (Fig. 6), hindering Cl- ion 
attack [23, 24]. Similarly, the TS sample (Fig. 7) was protected from SO4

2- corrosion 
damage, as CP formed a thin barrier on its surface, through a strong adsorption effect. 
This confirms the strong corrosion IE(%) of CP in acidic media. 

 

 
Figure 6: Effect of 5 mL CP on TS in a HCl solution (after corrosion). 
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Figure 7: Effect of 5 mL CP on TS in a H2SO4 solution (after corrosion). 

 
Conclusion  
The adsorption study on CP revealed that it is a useful organic CI for TS corrosion in 
HCl and H2SO4 acidic solutions. The electrochemical technique confirmed that, as the 
C of CP increased, TS samples were protected from corrosion damage, at every C of 
the acidic solutions. Also, CP antioxidant reactors, known as active components, were 
the main factors responsible for its excellent IE(%), by reducing corrosion damage on 
TS samples in both acidic media. Furthermore, OCP revealed that CP behaved 
predominantly as a mixed-type inhibitor. FTIR slopes depicted the numerous 
functional groups present in CP, such as O-H stretch, H- bonded alcohols, phenols 
and others. Those functional groups enabled CP IE(%), by suppressing TS corrosion 
damage in the acidic solutions. Furthermore, OM revealed the corrosive media and 
CP IE(%) effects on the TS surface morphology, thereby confirming the inhibitor 
strong adsorption onto the alloy samples surface. 
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C: concentration 
CI: corrosion inhibitor 
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FTIR: Fourier-transform infrared spectroscopy  
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IE(%): inhibition efficiency 
IT: immersion time  
OCP: open circuit potential 
OM: optical macroscopy  
Pc: phytochemicals 
T: temperature 
TS: Ti steel 
WL: weight loss 
WN: wavenumber 
XRF: X-ray fluorescence spectroscopy 
 
References 
1. Niu L, Zhang H, Wei F et al. Corrosion inhibition of iron in acidic solutions by 

alkyl quaternary ammonium halides: Correlation between inhibition efficiency 
and molecular structure. Appl Surf Sci. 2005;(252)5:1634-1642. 
https://doi.org/10.1016/j.apsusc.2005.02.134 

2. Zhao J, Chen G. The synergistic inhibition effect of oleic-based imidazoline and 
sodium benzoate on mild steel corrosion in a CO2-saturated brine solution. 
Electrochim Acta. 2012;(69):247-255. https://doi.org/10.1016/j.electacta.2012.02.101 

3. Bouklah M, Hammouti B, Benkaddour M et al. Thiophene derivatives as effective 
inhibitors for the corrosion of steel in 0.5 M H2SO4. Appl Electrochem. 
2005;(35)11:1095-101. 

4. Fajobi M, Loto RT. Adsorption and Inhibition Performance of Arachis Hypogaea 
Extracts on 316L Steel in H2SO4 Solution. Mats Sci For. 2022; (1059): 41-45. 
Trans Tech Pubs Ltd. https://doi.org/10.4028/p-gu6t4p 

5. Fiala A, Chibani A, Darchen A et al. Investigations of the inhibition of copper 
corrosion in nitric acid solutions by ketene dithioacetal derivatives. Appl Surf Sci. 
2007;(253)24:9347-56. https://doi.org/10.1016/j.apsusc.2007.05.066 

6. Evans UR. The corrosion and oxidation of metals. Edward Arnold; 1971. 
7. Umoren SA, Ogbobe O, Igwe IO et al. Inhibition of mild steel corrosion in acidic medium 

using synthetic and naturally occurring polymers and synergistic halide additives. Corros 
Sci. 2008;(50)7:1998-2006. https://doi.org/10.1016/j.corsci.2008.04.015 

8. Mohsenifar F, Jafari H, Sayin K. Investigation of thermodynamic parameters for 
steel corrosion in acidic solution in the presence of N, N′-Bis 
(phloroacetophenone)-1, 2 propanediamine. Bio-and Tribo-Corros. 2016;2(1):1-
3. https://doi.org/10.1007/s40735-015-0031-y 

9. Ma H, Chen S, Yin B, Zhao S et al. Impedance spectroscopic study of corrosion 
inhibition of copper by surfactants in the acidic solutions. Corros Sci. 
2003;(45)5:867-82. https://doi.org/10.1016/S0010-938X(02)00175-0 

10. Anupama KK, Shainy KM, Joseph A. Excellent anticorrosion behavior of Ruta 
Graveolens extract (RGE) for mild steel in hydrochloric acid: electro analytical 
studies on the effect of time, temperature, and inhibitor concentration. Bio- Tribo-
Corros. 2016;(2)1:1. https://doi.org/10.1007/s40735-016-0032-5 

11. Stupnijek-Lsac E, Berkovic-Salajster K, Vorkapic-Fura J. An investigation of the 
efficiency of several organic descaling inhibitors. Corros Sci. 1988;(28)12:1189-
1202. https://doi.org/10.1016/0010-938X(88)90128-X 



Olayemi Odunlami et al. / Portugaliae Electrochimica Acta 42 (2024) 115-122 

122 
 

12. Fajobi M, Loto RT. Inhibition Performance of Arachis Hypogaea Extracts on 
316L Steel in HCl Solution. Mats Sci For. 2022;(1059):35-39. Trans Tech Pubs 
Ltd. https://doi.org/10.4028/p-1gm0ir 

13. Radojčić I, Berković K, Kovač S et al. Natural honey and black radish juice as tin corrosion 
inhibitors. Corros Sci. 2008;(50)5:1498-1504. https://doi.org/10.1016/j.corsci.2008.01.013 

14. Odunlami OA, Abatan OG, Busari AA et al. Electrochemical control of high 
carbon steel corrosion using rosemary oil in citric acid medium. In IOP 
Conference Series: Mats Sci and Eng. 2021;(1036)1:012051. 
https://doi.org/10.1088/1757-899X/1036/1/012051 

15. Fajobi MA, Fayomi OS, Odunlami OA et al. Evaluation of the Inhibitive Effect of 
Ibuprofen Drug on the Acidic Corrosion of Aluminium 6063 Alloy. Key Eng Mats. 
2021;(886):133-142. https://doi.org/10.4028/www.scientific.net/KEM.886.133 

16. Shainy KM, Rugmini Ammal P, Unni KN et al. Surface interaction and corrosion 
inhibition of mild steel in hydrochloric acid using pyoverdine, an eco-friendly 
bio-molecule. Bio- Tribo-Corros. 2016;(2)3:1-2. https://doi.org/10.1007/s40735-
016-0050-3 

17.  Odunlami OA, Loto RT, Fajobi MA et al. Data on the corrosion Inhibition 
Property of Rosemary on High Carbon Steel in dilute sulphuric acid, citric acid 
and sodium chloride solution. Chem Data Coll. 2021;(1)32:100660. 
https://doi.org/10.1016/j.cdc.2021.100660 

18. Abu-Saqer MM, Abu-Naser SS, Al-Shawwa MO. Type of grapefruit 
classification using deep learning. Int J Aca Info Sys Res. 2020;4(1). 

19. Lautenschlager EP, Monaghan P. Titanium and titanium alloys as dental 
materials. Inter Dent J. 1993;(43)3:245-253. 

20. Roland LO, Cleophas LO. Data on Evaluation of the Corrosion Inhibition Effect 
of L-alpha-aminoisocaproate on High Carbon Steel Corrosion in Dilute Acid 
Media. Mat Sci. 2019;(25)4:422-426. https://doi.org/10.5755/j01.ms.25.4.21347 

21. Bahlakeh G, Dehghani A, Ramezanzadeh B et al. Combined molecular 
simulation, DFT computation and electrochemical studies of the mild steel 
corrosion protection against NaCl solution using aqueous Eucalyptus leaves 
extract molecules linked with zinc ions. Mol Liq. 2019;(294):111550. 
https://doi.org/10.1016/j.molliq.2019.111550 

22. Loto RT, Mbah EH, Ugada JI. Corrosion inhibition effect of Citrus sinensis 
essential oil extract on plain carbon steel in dilute acid media. South Afr J Chem 
Eng. 2021;(35):159-64. https://doi.org/10.1016/j.sajce.2020.08.004 

23. Loto RT, Fajobi M, Oluwole O et al. Corrosion inhibition effect of calcium 
gluconate on mild steel in artificial seawater. Cog Eng. 2020;(7)1:1712155. 
https://doi.org/10.1080/23311916.2020.1712155 

24. Loto RT, Ororo SK. Electrochemical studies of the synergistic combination effect 
of Thymus mastichina and Illicium verum essential oil extracts on the corrosion 
inhibition of low carbon steel in dilute acid solution. Open Eng. 2021;(11)1:1-3. 
https://doi.org/10.1515/eng-2021-0001 


