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ABSTRACT: The purposes of this research is to study the effect of additions friendly material (plant extracted) 

to acid or base solution by immersing the samples in three concentration (10%, 20%and 30%) from (Tabaco, basil 

Solution) in the HCL solution (2%) concentration or(3.5) NaCL in litter of distal water then used electro cell to 

measure the corrosion rate of two type of sample (pure AL, and AL- alloy(2024).the result show that (basil extract 

addition at (10%)concentrate give the best efficiency while (20%) concentration accelerate the corrosion rate in 

acidic solution while the inhibitor give efficiency (90%) in base solution. Lastly the study is attempt to find new 

inhibitor that can be easily prepared and applied, as well as nontoxic, cheap and available 
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INTRODUCTION 

Recently, Aluminum as a non-ferrous metal has widely used in many applications such as: building, transportation 

sector, packaging industry, design, mechanical and electrical engineering applications. Due to Aluminum 

excellent properties it's used in new fields of applications. Aluminum as a metal is light in weight; its specific 

weight is significantly lower than other metals. Also, it is strong metal that it can resist high level of stress. In 

addition, it's resistance to corrosion very high and durable metal. One advantage of aluminum can be protected 

against corrosion from oxygen, water or chemicals by a thin and natural oxide layer. It is considered as excellent 

non-toxic, hygienic, electrical conductor, non-magnetic, physiologically harmless, and exceptional formability 

ability and can be formed in a diversity of ways. In addition, aluminum alloys are significantly easy to cast as well 

as being appropriate for all known castings. The corrosion is defined as the electrochemical reaction of a surface 

metal with the environment which leads to a slow, steady, and irreversible deterioration in the metal in both 

chemical and physical properties.  

The corrosion has a negative effect on economic as well as causing to loss important materials because of total or 

partial replacement of apparatus, structures, and plant-repairing closures. In addition to economic implications, 

corrosion negatively effect on the protection and health of people both working in manufacturing or living in near 

towns. Corrosion is significantly effective on petroleum industry because of the existence of many corrosive 

materials in the crude oil, which affect damagingly on the equipment and pipelines from the withdrawal of oil to 

the transportation of final products. Some researchers subjected different types of aluminum to aqueous corrosion 

environment in seawater container and a salt spray chamber [1]. They used natural corrosion inhibitors products 

such as starch.  So as to observe the corrosion behavior of aluminum alloy AA6063 in seawater, they used (EIS) 

& (SEM).  EIS data showed that inhibitor concentration effect on the mechanism of corrosion. A studied the 

corrosion behavior of aluminum alloy (2024) shielded by laser equipment under the effect of some variables [2].  

They studied the electrochemical behavior of Aluminum alloy in Sodium chloride (NaCl) solution of different 

concentrations and temperatures. Disc samples of (2024) aluminum alloy of 2 mm thickness and 25 mm diameter 

has prepared for Polarization investigates. Polarization tests were accomplished under static condition at 

temperature of 298, 313 & 328 K in NaCl solution of concentration of (1.5, 2.5 & 3.5) % was carried out before 

and after laser surface treatment by a specific laser pulse.  Before laser surface treatment the results show that the 

corrosion current densities increase with increasing temperature. Moreover, the corrosion potential shifts to more 

negative value use AL and AA5754 alloy with electrochemical investigations [3]. The results show that Al has 

better resistance to corrosion than AA5754 alloy in   in 1% acetic acid solution. The values of corrosion current 
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densities are decreased and polarization resistance is increased under the adding of ethanol of laurel oil. SEM tests 

confirmed the effect of Corrosion inhibition of laurel oil [3].  

Kharia Salman Hassan investigated the corrosion behaviors of AA 6061-T6 in aqueous solutions under the effect 

of shot peening time [4]. Their specimens were prepared with dimensions of (15*15*3) mm following the ASTM 

G71-31.  They used steel ball of 2.75 mm diameter and time of shot peening was at (15, 30, 45) min. Then, they 

studied the effect of shot peening on the alloy by using hardness, surface residual stresses, microstructure and 

surface roughness. Corrosion test was carried out by using tafel extrapolation method with and without shot 

corrosion specimens in different media (3.5% NaCl solution and tap water). Tafel equation was used to calculate 

the corrosion rate. The results shows that shot peening treatment increased the corrosion resistance of AA6061-

T6 due to the compressive residual stresses which lead to increase hardening of layer on the surface, a studied the 

corrosion behavior of different metals in (0.5 – 3.0 M of solutions of H2SO4, HCl, and HNO3) by using weight 

loss method [4,5]. The specimen was exposed to a period of 100 minutes at interval of 20 minutes to study the 

magnitude of corrosion. Corrosion rate of metals followed this order: zinc > galvanized iron > copper >, while 

corrosion rate for one metal in aqueous media followed this order: HNO3 > H2SO4 > HCl.  Increasing 

concentration of aqueous media leads to increase in corrosion rate.  

Kinetics of corrosion was also studied and has shown that increasing of solution concentration increases the 

reaction rate, but decreases the half-life. [5], here studying corrosion resistance in (3.5%) Nacl concentration in 

sea water to metal composite aluminum alloy with (10% &20%) wt of Sic particles the result show that increasing 

in Sic ratio particle caused decreasing in corrosion resistance rate [6]. Several method that used to protected metal 

from corrosion one of these are laser surface treatment applied at (7075,6062 &5083) aluminum samples 

immersing in(1.5,2.5 &3.5)%wt of Nacl solution at(25℃) temperature ,polarized tests were carried out after laser 

surface melting by plus laser, the layers that obtain after melting give good improvement to the alloys against 

corrosion resistance [7]. In(2019) A ,M, Ali investigate the effect of various  addition  of copper element to 

aluminum alloy then immersing in(5% &10%)of (Hcl &𝐻2𝑆𝑜4),put them in furnace at (40,60and 80)℃ for 

(30)minute .the outcome show that  increasing  copper ratio causing decrease in corrosion resistance , while the 

last study focused at corrosion resistance of aluminum –bronze alloys in(3.5%Nacl &2MHcl) after adding three 

different ratio of indium element to alloy then homogenized at (500℃ ) for four hours this small additives of 

indium decrease density of corrosion current that led to improve in corrosion resistance [8, 9].  

ALLOYS PREPARATION 

 The alloys were prepared by melting and casting in a permanent mold. “As shown in Figure 1” 

  

Figure 1. Show the specimen and mould 

Then specimen s were cut at same dimension with lath machine as shows below in "Figure 2" 
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Figure 2. Lath machine 

After that all the samples be grinding and polishing as shown in “Figure.3" 

 

Figure 3. Grinding device 

Firstly, all the specimens were pretreated using polishing with a sand paper, and then cleaning with clean cloth. 

Then, the specimens washed with tap water before the distilled water and finally they were washed with acetone 

to degrease them. After that the specimens were dried totally by air, and they were immersed into solutions of 

HCl, at interval of 60 minutes (up to 100 minutes).  The samples were then detached from the test solutions and 

washed with tap water. Then they were followed by washing the specimens in distilled water, and cleaned with 

fine cloth and further cleaned with acetone. The specimens were finally prepared for microstructure test. The 

microscope used in the test was [beam engineers (rmm-7t 2003) power (1200x).finally the rate of corrosion was 

tested by using electrical cell as shown in   "Figure. 4" 

 

Figure 4. Electric cell device 
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Figure 5. Samples before immersing 

 

Figure 6. Samples after immersing 

RESULTS AND DISCUSSION  

Micro structure  

   

a-without immersing                                                  b-10% basil 

   

c- 20 % basil                                              d-30% basil 
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Figure 7. Microstructure for pure AL (a,b) and for AL alloy in (c,d) 

    

a-10% tobacoo                                                          b-20%tobacoo 

Figure 8. Microstructure for AL- alloy with immersing 

Table 1. Parameters of Potentiodynamic polarization gained from Al and Al alloy in 2% HCL acid solution in 

existence of different concentrations of (Basil) at 25℃.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Parameters of Potentiodynamic polarization gained from Al and Al alloy in 2% HCL acid solution in 

existence of different concentrations of Tabaco at 25. 

Material  Inhibitor 

concentratio

n (mg/L)  

𝐸𝐶𝑂𝑅𝑅(

𝑚𝑉𝑆𝐶𝐸) 

𝐼𝐶𝑂𝑅𝑅  𝜇𝐴

/𝑐𝑚2 

Ƞ% 

Pure AL 0 -703.8 38.46 ------------- 

 10 -717.4 50.25 30% 

 20 -678.1 61.41 59.6% 

 30 -711.6 57.28 49% 

AL-Alloy 0 -702 60.32 ------------- 

 10 -675.4 38.65 ……… 

 20 -705.2 102.7 70% 

 30 -711.8 61.31 2% 

DISCUSSION 

An adsorbed layer was formed on the surface due to the adsorption of extracted basil and tobacco on the AL&AL- 

alloys surface in acidic solution. A change of morphology was observed after the addition as shown from optical 

 Material  Inhibitor 

concentratio

n  

(mg/L)  

𝐸𝐶𝑂𝑅𝑅(

𝑚𝑉𝑆𝐶𝐸) 

𝐼𝐶𝑂𝑅𝑅  𝜇𝐴

/𝑐𝑚2 

Ƞ% 

 0 -703.8 38.46 ------------- 

Pure AL 10 -703 16.63 56.76 

 20 -683.7 86.81  

 30 -706.6 29.57 23.11 

AL-Alloy 0 -702 60.32 ------------- 

 10 -643.7 40.81 32.34 

 20 -689.9 55.35 8.23 

 30 -632.5 27.02 55.2 
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microscope, SEM and X-ray analysis in  “As shown in Figure 7 and 8”Since HCl solutions showed severe attack 

on the studied Al- alloy, the addition of inhibitor to such solutions is required to reduce and control the corrosion 

rate. So, the effect of extract of Basil leave and tobacco on the corrosion behaviour of Al- alloy is effective 

inhibitor at concentration range of 10% while it acts as accelater at high concentrations measurements indicated 

that inhibitor Al corrosion in 2% of HCl by retarding the cathodic reactions and they are categorized as cathodic 

corrosion inhibitor.  

According, it is evident that aluminum has higher   corrosion resistant than AA2024 alloy in 2% HCL acid  in 

proportion to  the values of corrosion current density which are given in  “Table 1and 2”.. Probably, this difference 

in corrosion resistant may be ascribed to the presence of impurities in this aluminum alloy, particularly iron Fe 

(0.39%) and copper Cu (4.63%). These second-phase impurities reduce the corrosion resistance of Al alloy due 

to the increasing of the cathodic volume fraction although their contents are low in aluminum. Furthermore, 

alloying elements are frequently dispersed in intermetallic particles besides the solid solution of aluminum, which 

play a significant role in the corrosion behavior of Aluminum alloys “As shown in Table 3”  

Table 3. Show chemical composition of aluminum alloy 

AL% Cu Mn Fe Ni Zn 

Base  4.63 0.24 0.39 0.07 0.01 

 

When extracted basil and tobacco are used as inhibitors it was found that the corrosion rate increases as increasing 

in inhibitors concentration (10, 20 &30 Ml/L) at 25℃ from potentiodynamic polarization measurements. This 

indicates that these materials are not recommended to use as inhibitors for AL- alloys in high concentration but at 

(10%) give good result 

Table 4. Parameters Potentiodynamic polarization gained from Al and Al alloy in base solution (NaCl) in 

existence of different concentrations of (Basil) at 25℃.  

 Material  Inhibitor concentration 

(mg/L)  

𝐸𝐶𝑂𝑅𝑅(𝑚𝑉𝑆𝐶𝐸) 𝐼𝐶𝑂𝑅𝑅  𝜇𝐴/𝑐𝑚2 Ƞ% 

 0 -870.1 11.16 ------------- 

Pure AL 10 -844.8 10.32 7.5 

 20 -868.9 10.35 7.2 

 0 -775.2 89.99 ……. 

AL-Alloy 10 -816.7 26.57 70.47 

 20 -845.8 7.24 91.95 

     

Table 5. Parameters Potentiodynamic polarization gained from Al and Al alloy in base solution (NaCl) in 

existence of different concentrations of (Tabaco) at 25℃ 

Material  Inhibitor concentration 

(mg/L)  

𝐸𝐶𝑂𝑅𝑅(𝑚𝑉𝑆𝐶𝐸) 𝐼𝐶𝑂𝑅𝑅  𝜇𝐴/𝑐𝑚2 Ƞ% 

 0 -870.1 11.16 ------------- 

Pure AL 10 -844.8 15.87  

 20 -814.7 13.10  

 0 -775.2 89.99 ………… 

AL-Alloy 10 -839.4 14.98 83.35 

 20 -819.9 68.31 24.09 

CONCLUSIONS 

*The inhibitor with 10% concentration appear high efficiency in increasing corrosion resistance in both acidic 

and basic solution    

*Increasing ratio weight of inhibitor with acidic solution led to negative result in corrosion resistance  

* Friendly material (plant extracted)  can be easily prepared and applied, as well as nontoxic, cheap and available 
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* We hope that these products will be able to replace, in the near future, the toxic commercial products that are 

still being used by many industries worldwide 
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