
 

 

_________________________________________________________________________________________________ 
Receive Date: 12 December 2021,  Revise Date: 25 December 2021,  Accept Date: 26 December 2021  
DOI:  10.21608/EJCHEM.2021.110875.5052 
©2019 National Information and Documentation Center (NIDOC) 
 

 

Egypt. J. Chem. Vol. 65, No. 6 pp. 441 - 445 (2022) 

 

                                                                  

Steel corrosion prevention through the use of orange peels 

Rawaa Zahd Jafataljebory, Saif M. Alshrefi, Zahraa Najah Salman, Emad Salaam 

Abood 
 

Department of Medical Physics, Hilla University College, Babylon, Iraq 

Department of Laser Physics, College of Sciences for Women, Babylon University, Babylon, Hilla, Iraq 

 Department of Medical Physics, Hilla University College, Babylon, Iraq 

Abstract 

Studies on carbon steel corrosion properties were conducted under particular conditions. In acid media, weight loss assays 
were carried out using varying inhibitor concentrations and temperatures (35, 45, and 55oC) (0.1N H2SO4). Orange peels lose 
up to 93% of their activity in anaerobic conditions. There were numerous polarization and weighting procedures employed in 
aluminumpata study. Increasing temperatures and the rate of corrosion led to a decrease in the corrosion potential, which 
became increasingly negative. Increasing the amount of corrosion inhibitor reduces the corrosion current and raises the 
corrosion potential of the system. 
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Introduction 
Inexpensive cost is the main factor of using carbon 

steel the building industry and in a wide variety of 

industries, such as automotive, pipeline, and chemical 

[1-3].One of the most effective corrosion factor is 

metals exposure to chloride-rich environments like 

seawater [4-6]. Carbon steel corrosion has been 

subjected in many research of academic and industry 

for many years [7, 8]to get environmentally 

acceptable corrosion inhibitors[9, 10]. There are 

many factors that make carbon steel is the primary 

building material for its use in several areas such as 
its low cost, no additional expensive  with the same 

effect elements contents  such as zirconium, 

Aluminum, high carbon included and it is not 

stainless steel[11, 12].  

The nature of aqueous and atmospheric corrosion is 

electrochemical due to transfer of  electrons metal 

surface to an aqueous electrolyte solution during 

corrosion[13, 14]. This interaction of metals like steel 

with undesired media like acids, bases or salts leads 

to high risk of some industries[15-17]. So, there are 

many methods were performed and can be applied on 
metals and buildings to resist corrosion and protect 

metals such as coating, electroplating, or cathodic 

protection [18-22]. Corrosion inhibitors that are 

chemical compounds that when added  preventing 

metals from rusting and so they are an excellent 

choice [23]. these compounds are both cheap and 

frequently available, as well as environmentally 

friendly[10, 24], they've attracted an increasing 

amount of attention. 

According to this survey and in continuation of our 

work [25] we aim to study carbon steel corrosion 

properties under particular conditions such as acid 

media (0.1N H2SO4), salt media (3 % NaCl) weight 

loss assays using varying inhibitor concentrations and 

temperatures (35, 45, and 55oC).  

 

 Materials and Methods 
Carbon steel specimens of 7 x 2 cm were used in a 

series of experiments to conduct corrosion testing. 

Acidic (0.1N H2SO4 solution) and alkaline (%3N 

NaCl solution) solutions were used to test the 

corrosion potential of samples for one hour at various 

temperatures (35, 45, and 55 °C) with inhibitors 

ranging from 0 to 2.5 g of orange peels. According to 

theory, we compared our findings to the results. This 

experiment used two electrodes: a saturated calomel 
electrode (S.C.E.) and a graphite rod electrode. The 

working electrode was a section of aluminum plate 

(28 x 10-4 m2). Static, without and with inhibitor, and 
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electrochemical polarization methods that measure 

the instantaneous potential corrosion under a variable 

temperature for clean surfaces were used to 

determine the corrosion potential in carbon steel for t-

loss (free corrosion) measurements to determine the 

corrosion rate .A water bath maintained the 

temperature within ± ˚C of the desired setting. 

 
Fig.(1) Corrosion experiments conducted without the 

use of chemicals 

 
Fig.(2) Experiment with polarization 

Results and Discussion 

Corrosion rates are influenced by temperature 

(35°C,45°C,55°C) and an orange peels inhibitor 

concentration (0.5,2.5 g) and (3 % NaCl), as shown 

by weight loss measurements (see Table 1). 

Corrosion rates rose in response to rising 

temperatures, as shown in graphs 3 to 5 (free 

corrosion), figures (4 to 6) and the polarization, 

figure (7 to 9). Oxygen mass transfer and activation 

polarization have led to an increase in corrosion [26, 

27].The cathodic reactions in these solutions are as 
follows: 

 

2H+ + 2e2H2   (1) 

O2 + 4H+ + 4e    2H2O           (2)        

 

As a result, the total cathodic reaction current for 

oxygen and hydrogen is reduced (see Table 1).As a 

result of using corrosion inhibitors, deterioration is 

reduced.Anodic current increases with increasing 

inhibitor efficacy, even at high temperatures[27]. 

 

Table(1) Orange peels were used as an inhibitor to 

study the corrosion rate of carbon steel in an air-

saturated 3% NaCl solution for 1 hour. 
T 

(oC

) 

C 

(ppm

) 

∆w(g) CR(gmd

) 

CR(mm/y

) 

CR(mpy

) 

η

% 

35 0 0.03 257.28 93.89 3696.4 - 

45 0 0.041 351.62 128.32 5051.9 - 

55 0 0.061 523.15 190.93 7516.9 - 

35 0.5 0.002

1 

18.01 6.572 258.7 93 

45 0.5 0.011 94.33 34.42 1355.1 73 

55 0.5 0.036 308.74 112.67 4435.8 41 

35 2.5 0.002 17.15 6.259 246.41 93 

45 2.5 0.004 34.30 12.51 492.5 90 

55 2.5 0.007

2 

61.74 22.53 887.25 88 

 

Although the adsorption theory has been successful 

in all cases, the inhibitor can still be expected to go 

through a stage of preliminary adsorption. Another 

theory suggests that the metal's surface is coated with 

a layer of inhibitors, which acts as a barrier against 

corrosion. Physical and chemical adhesions were 
taken into account [28, 29]. According to figure 2 and 

the figures 4 to 9, inhibition of anodic reactions 

reduces potential.  
 

.

 
Fig.(3)When the metal is in cathodic inhibitors 

solution, the metal's electrochemical behavior is 

different from that of the metal in the same solution, 

without inhibitors (b)[22]. 
 

The corrosion rate of a metal increases as the 

temperature rises, lowering its value. Figures 4 to 6 

show that for a 60-minute experiment, the results are 

consistent. At exactly 10 minutes into the experiment, 

OH-ions formed and clustered around the electrodes, 

causing the potential to quickly fall and the curve to 

slowly converge [29, 30].A decrease in the rate at 

which it forms is expected. Corrosion potential 

increases as temperature rises because the density of 

the limiting current increases. Anodic and cathodic 

regions of saturated calomel electrode in 3%NaCl 
solutions are shown in polarization curves (see 
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below) to support this claim. As a result, the 

activation polarization was reversed when the current 

was reduced [31, 32]. 

 

 
Fig.(4) Potential vs. time for CS metal in 3% NaCl solution at (a) T=35ºC, (b) T=45ºC, and at (c) T=55ºC 

 

 
Fig.(5) Potential vs tim for CS metal in 3% NaCl solution and 0.5g orange peels inhibitor at (a)T=35ºC ,(b) T=45 

ºC, (c) T=55 ºC   

 
Fig.(6) Potential vs tim for CS metal in 3% NaCl solution and 2.5g orange peels inhibitor at  (a) T=35ºC ,(b) 

T=45 ºC, (c) T=55 ºC 

 
 

Fig (7) Polarization curve for CS metal in 3% NaCl solution at (a) T=35ºC,(b) T=45ºC,(c) T=55º ºC 
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Fig (8) Polarization curve for CS metal in 3% NaCl solution and 0.5g orange peels inhibitor at (a) T=35ºC,(b) 

T=45ºC,(c) T=55 ºC 

 
Fig (9) Polarization curve for CS metal in 3% NaCl solution and 2.5g orange peels inhibitor at 

(a)T=35ºC,(b)T=45 ºC (c) T=55 ºC 

Conclusions 

The use of orange peels in acidic media can decrease 

development by as much as 93 percent. As the 

temperature of the solution rises, the rate of corrosion 

increases, and the potential for corrosion rises. As the 

inhibitor concentration rises, the rate of corrosion 

decreases. The limiting current density increases as 

the temperature of the solution rises. 

Abbreviation list 

symbols defined 

T Temperature °C 

∆W weight loss (g) = W1-W2 

W1 First weight (g) 

W2 Second weight(g) 

L length of specimen= 2 cm 

W width of specimen = 7 cm 

A total area of metal specimen (m2 ) 

=0.0028m2 

t exposure time (s) = 1hr = 0.041 day. 

CR corrosion rate 

gmd corrosion rate in ( gram per m2 per 

day) =
∆𝑊

𝐴∗𝑡
 

mm/y corrosion rate in(millimeter per year) 

=
1

2.74
𝑔𝑚𝑑 

mpy corrosion rate in(milli-inch per year ) 

= 
𝑚𝑚/𝑦

0.0254
 

c concentration of inhibitor (g/l) 

(η%) efficiency of inhibitor= ∆Wno 

inhibitor-∆W  with inhibitor /∆Wno 

inhibitor 
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