
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: safaa.yhaia@women.asu.edu.eg , (S. Y. Ahmed). 

Receive Date: 15 May 2024, Revise Date: 07 June 2024, Accept Date: 23 June 2024 

DOI: 10.21608/ejchem.2024.290066.9719 

©2025 National Information and Documentation Center (NIDOC 

Egypt. J. Chem. Vol. 68, No. 1 pp. 503- 510 (2025) 
 

 

                                                                                                                      

Effect of Some Aliphatic Amines as Corrosion Inhibitors for AZ91 alloy 
 

                           Sh. Bahaa, O.R.M. Khalifa, A.K. Kassab, M. M. Esmail , S. Y. Ahmed* 

Chemistry department, Faculty of Girls for Arts, Science and Education, Ain shams University,  Cairo, Egypt 

Abstract  

The corrosion behaviour of AZ91 alloy was investigated in 0.1M hydrochloric acid solution at different temperatures 20-50○C. The study was 

done by weight loss technique and electrochemical method, using Tafel polarization technique. The additive concentration increases the 

inhibition effectiveness. The results show that the protection efficiency P% followed the sequence ethylenediamine (EDA) > diethylamine 

(DEA) > ethylamine (EA). The influence of temperature on the corrosion behaviour of AZ91 alloy in 0.1M HCl solution was studied between 

20○C and 50○C both with and without inhibitors. The inhibition efficiencies obtained from the two employed methods (weight loss technique 

and potentiodynamic polarization technique) are nearly closed. From the obtained data, it was found that, the inhibition efficiency increases 

with increasing the inhibitor concentration until the optimum one. Adsorption of the inhibitors on AZ91 alloy surface was found to obey 

Langmuir’s adsorption isotherm. SEM examination of AZ91 alloy surface revealed that these inhibitors prevented AZ91 from corrosion by 

adsorption on its surface to form a protective film, which acts as barrier to aggressive agents. 
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1. Introduction 

Magnesium-aluminum alloys have drawn increased interest in the aerospace, automotive, and electronic industries because of 

their ultralightness, good castability, strong specific strength, and low energy consumption [1–6]. Commercial magnesium 

materials with high strength and low cost include Mg-Al-Zn alloys. Thanks to recent advancements in rolling technology that 

allow for the production of wide-scale Mg-Al-Zn sheets with enhanced mechanical properties, Mg-Al-Zn alloys are now more 

productive as suitable components for applications requiring a high weight tolerance [7]. AZ91 is a magnesium alloy that is 

most frequently used and is available for purchase. It exhibits a good balance of ductility, mechanical strength, and castability 

[8,9]. It is also a popular lightweight material alloy, particularly in the biomedical and automotive industries, which seek to 

produce lightweight vehicles [10,11]. To encourage the broader use of magnesium alloy, an appropriate treatment can 

improve its corrosion resistance, which has significant practical implications. One of the most effective methods for slowing 

the progression of metal corrosion is to introduce a corrosion inhibitor into the corrosive solution in small concentrations [12–

14]. Numerous researchers have discussed how organic inhibitors affect how magnesium alloy corrodes in hydrochloric acid 

[15–22]. Typically, these substances include heteroatoms like O, S, N, and P that serve as coordination sites for adsorption on 

the surface of the metal. A surface-protective layer is created by adsorption. Amines and their derivatives, which have a 

variety of molecular structures, are among the many known corrosion inhibitors and differ in their ability to inhibit corrosion 

in certain ways [23–30]. In organic ammonia compounds known as amines, one or more hydrogen atoms are swapped out for 

variously sized and numbered hydrocarbon chains. The subclass of compounds is determined by the number of hydrocarbon 

chains joined to the N atom. Three different types of amines can be identified by the presence of the -NH2, -NHR, and -

NR1R2 groups, which are hydrocarbon chains with one, two, or three links to the N atom [31]. The effects of 

hexamethylenetetramine on AZ31B alloys were studied, and their protection efficiency was found to be 94.57 % [31]. The 

corrosion inhibition efficiency of triethanolamine in 3.5 wt% NaCl solution with AZ91D magnesium alloy has been 

investigated [32]. In a 3.5% NaCl environment, a butylamine-modified GO material was developed as an anticorrosion finish 

for magnesium alloys [33]. However, only a few studies on the anticorrosion properties of amines on magnesium alloys have 

been published. Therefore, we investigated the possibility of AZ91 alloy in 0.1M HCl inhibition by some aliphatic amines. 

2. Experimental 

AZ91 alloy samples are circular discs with an area of 10.2 cm2. The AZ91 alloy used in this study has the following analysis 

Zn 1.1%, Al 9.05%, Mn 0.27%, Cu 0.019%, Fe 0.02%, and balanced Mg, which provided by the Central Metallurgical 

Research Institute (CMRDI  ( . 

First, the substrates were mechanically grinded using 800, 2000, and 3000 Si abrasive papers, respectively. The substrate was 

then cleaned with deionized water, treated with acetone for 10 min to remove any remaining grease, and allowed to air dry. 

The inhibiting properties of EDA, DEA, and EA were studied using the technique of weight loss with and without inhibitors 

(1, 0.5, 0.2, and 0.1M) in 0.1 M HCl corrosive media at different temperatures (20, 30, 40 and 50˚C). 

The sheets were suspended in 100 ml of a 0.1M solution of HCl with and without various inhibitor concentrations for 30 min. 

Loss in weight per area in µg/cm2 (Wt.). The equations below were used to determine the percentage of protection 

effectiveness (P%) and the corrosion rate (Vcorr) for a range of inhibitor concentrations. 
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𝑊𝑡 =
𝑊0 − 𝑊1

𝐴
                              (1) 

𝑉𝑐𝑜𝑟𝑟 =
𝑊𝑡

𝑡
                                      (2) 

𝑃% = [1 −
𝑉`𝑐𝑜𝑟𝑟

𝑉𝑐𝑜𝑟𝑟
] × 100        (3) 

Where wo is the starting weight in micrograms, w1 is the weight after being submerged inside the electrolyte, t is the time of 

immersion (sec.), and V'corr and Vcorr are the corrosion rates with and without an inhibitor, respectively. 

The surface morphology was displayed using a Quanta 250 FEG scanning electron microscope (SEM) from Taiwan. 

Different samples were examined while being subjected to a 30 kv accelerating voltage. Carbon paste was used to grind the 

samples before mounting. In each case, the average weight loss between the two measurements was recorded. 

Potentiodynamic polarization studies were performed on test specimens exposing 1 cm2 of the surface in the range of 0 to -

250 mV using a CHI instrument and a scan rate of 0.5 mV/s. A test specimen served as the working electrode in the cell, the 

reference electrode was an Ag/AgCl electrode, and the counter electrode was a Pt electrode.  

 

2.Results and discussion 

a.Corrosion rate and protection efficiency 

The average rate of corrosion (Vcorr) of AZ91 expressed as (µg.cm-2.sec-1) it is displayed in Fig.1 as a function of the 

logarithmic concentrations of EDA, DEA, and EA in a 0.1 M solution of HCl at 30 °C. They show how the corrosiveness of 

the acid is lowered by the organic inhibitors that are added. The amount of inhibitors present influences the rate at which 

AZ91 corrodes. Their behavior is determined by the nature of the substituent 

The variation in the protection effectiveness of AZ91 as a function of the logarithmic concentrations of EDA, DEA, and EA 

in a 0.1 M solution of HCl at 30 °C is shown in Fig. 2. With increasing inhibitor concentrations, the protection effectiveness 

increases. 

 

 
 

 

 

 

Moreover, the protection efficiency increases from EDA˃ DEA˃EA (as shown in Table 1). 

 

Table 1. The effectiveness of various inhibitor’s protection in a 0.1M HCl solution was calculated from equation (1) at 30˚C.  

Conc. of 

the inhibitor 

EDA DEA EA 

Vcorr 

(µg.cm-2.sec-1) 

P% Vcorr 

(µg.cm-2.sec-1) 

P% Vcorr 

(µg.cm-2.sec-1) 

P% 

1 M 

0.5 M 

0.2 M 

0.1 M 

0.12 

0.30 

1.035 

1.90 

97.90 

94.80 

82 

67.20 

0.26 

0.68 

1.34 

2.21 

95.50 

88.20 

76.81 

61.5 

0.47 

0.81 

2.20 

4.21 

92.24 

85.65 

62.39 

27.24 

 

As a function of the logarithmic concentration of EDA, DEA, and EA at various temperatures, Fig. 3 shows the variation in 

the corrosion rate of AZ91. The corrosion rate increases by the increase of the temperature 50 > 40 > 30 > 20○C.  

Fig. 1. Effect of EDA, DEA, and EA concentrations 

 on AZ91 corrosion rates in 0.1M HCl solution 
Fig.2. Relationship between percentage protection and log inhibitor 

concentrations of EDA, DEA, and EA at 30○C in 0.1M HCl. 
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Figure 4 , illustrates how the concentrations of EDA, DEA, and EA affect the effectiveness of AZ91 protection at various 

temperatures. For EDA, DEA, and EA, the same behavior has been noticed. In general, as temperatures decrease, the 

protection effectiveness increases. This implies that these substances are adsorbed onto the surface of the AZ91 physically.  

 
Fig. 3. Effect of (a) EDA, (b) DEA, and (c) EA concentrations on the rate of AZ91 corrosion in 0.1M HCl solution at various 

temperatures. 

 
Fig.4. Effect of (a) EDA, (b) DEA, and (c) EA concentrations on the effectiveness of AZ91 protection in a 0.1M HCl solution at various 
temperatures. 

 

3.2. Adsorption isotherm 

It has been reported that the adsorption of an organic compound onto the surface of the metal is dependent on the 

physicochemical properties of the inhibitor’s molecule, such as length, steric factors, functional groups and electron density 

(i.e., charge distribution) at the donor atoms and π orbital character of donating electrons, as well as the nature of the 

subtrating metal and the manner in which an organic molecule interacts with a metallic surface [31,34–36]. 
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 The adsorption behavior at 30 °C was studied to better understand the electrochemical process on the metal surface. From 

the weight loss measurements, the degree of surface coverage (θ) at various concentrations in an acidic medium was 

calculated using equation (4). 

𝜃 = 1 −  
𝑉`𝑐𝑜𝑟𝑟  

𝑉𝑐𝑜𝑟𝑟
                          (4) 

The best adsorption isotherm was chosen after graphic testing of the data related to the extent of surface coverage (θ). 

Fig. 5, plotting c/θ versus the change in inhibitor concentration to AZ91 in 0.1 M HCl, shows a straight line, indicating that 

the adsorption of these inhibitors is properly described by the Langmuir adsorption isotherm [37]. Equation (5)  describes 

these isotherms [38]. 
𝑐

𝜃
=

1

𝑘
 + c                                 (5) 

𝑘 =
1

55.5
 𝑒𝑥𝑝  

∆𝐺˚

𝑅𝑇
                     (6) 

where is the standard free energy of adsorption (ΔG˚), C is the concentration of the inhibitor, and k is the adsorption constant 

[39–41]. Table 2 displays the adsorption reaction`s calculated k and ΔG˚ values for AZ91 

 
Fig.5. EDA, DEA, and EA compounds adsorb on the surface of the AZ91 alloy in 0.1M HCl at 30°C according to the Langmuir adsorption 

isotherm. 

The fact that the standard free energy of adsorption has a negative value indicates that these inhibitors spontaneously adsorb 

on the AZ91 alloy. This means that the previously mentioned physical adsorption is what gives these substances their 

inhibitory effects. 

 3.2.1. Activation energy 

Using the Arrhenius equation as a guide 

𝐿𝑛 𝑘 = 𝐿𝑛 𝐴 +
−𝐸𝑎

𝑅𝑇
                         (7) 

where A is the pre-exponential Arrhenius parameter, Ea is the apparent activation energy, and K is the rate of the metal 

dissolution reaction [42], Equation (8) establishes a direct relationship between the apparent activation energy Ea and the 

corrosion rate (Vcorr). 

𝐿𝑛 𝑉𝑐𝑜𝑟𝑟 = 𝐿𝑛 𝐴 +
−𝐸𝑎

𝑅𝑇
                           (8) 

The corrosion rate of the AZ91 alloy in a 0.1 M solution of HCl is plotted logarithmically as a function of (1/T) in the 

uninhibited and inhibited solutions, respectively, in Fig. 6. 

For the inhibitor-free solution, the energy of activation, evaluated from this graph, was found to be equal to 4.15 j.mol-1. K-1 

for AZ91. In the presence of either of the studied inhibitors, the activation energy increases. The 1M concentrations of EDA, 

DEA, and EA are 19.09, 16.60, 12.45 j.mol-1.K-1 for AZ91, which agree with previously published data [43]. This value is 

also the order of activation encountered for a physical mechanism. 

 
Fig.6. Logarithmic plot of the corrosion rate of the AZ91 alloy as a function of (1/T) in both uninhibited and inhibited solutions. 
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The transition state equation (9) was used to determine the Enthalpy and entropy of activation, ∆H◦, and ∆S◦, respectively.  

𝑉𝑐𝑜𝑟𝑟 =
𝑅

𝑁𝐻
[𝑒𝑥𝑝

∆𝑆 ͦ

𝑅
] [𝑒𝑥𝑝

−∆𝐻 ͦ

𝑅𝑇
]                  (9) 

 

Straight lines were obtained for AZ91 by plotting Log (Vcorr/T) vs. 1/T at 0.1 M HCl of the studied inhibitors, as 

shown in Fig. 7. Straight line slopes and intercepts can be applied to calculate the values of ∆H◦ and ∆S◦, 

respectively, as shown in Table 2 

 
Fig.7. AZ91 alloy in 0.1M HCl, log (Vcorr/T) vs. (1/T) on both uninhibited and inhibited solutions of EDA, DEA, and EA. 

 

Table 2. Thermodynamic activation parameters for the dissolution of AZ91 in a 0.1 M solution of HCl containing 1M of 

various inhibitors. 

 

3.3. Scanning electron microscopy 

 

 
Fig.8. Scanning electron microscope images of (a) AZ91 alloy, (b) AZ91 alloy in 0.1M HCl, (c)    AZ91 alloy in the presence of EA, (d) 

DEA, and (e) EDA. 

 K 

(L mol-1) 

ΔH 

(KJ mol-1) 

-ΔG 

(KJ mol-1) 

-ΔS 

(J mol-1K-1) 

EDA 7500 20.10 32.5 173.6 

DEA 6250 15.90 32.40 159.41 

EA 2500 12.50 29.88 139.87 
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Fig. 8 shows the morphology of (a) AZ91 alloy, (b) AZ91 alloy in 0.1M solution of HCl, (c) the existence of EA, (d) the 

existence of DEA, and (e) the existence of EDA. Before dipping in corrosive media with and without the inhibitors EDA, 

DEA, and EA. 

It is clear that the corrosion attack was more pronounced in absence of additives, while by the addition of different inhibitors 

the film formed on AZ91 surface becomes more protective. The protective film is more pronounced for EDA > DEA > EA. 

 

3.4. Potentiodynamic polarization measurements 

Fig. 9.  AZ91 alloy potentiodynamic polarization curves in a 0.1 M solution of HCl in the presence and absence of the tested inhibitors. 

 

Fig. 9 displays the AZ91 alloy’s potentiodynamic polarization curves in a 0.1 M solution of HCl both in the absence and 

presence of the tested inhibitors being studied. Table 3 shows the respective kinetic parameters, including corrosion current 

density (Icorr), corrosion potential (Ecorr). 

The corrosion potential (Ecorr) and corrosion current density (Icorr) were calculated by fitting the plots using the EC-lab 

software. The fitting parameters are listed in Table 3. Our amine derivative inhibitor can be categorized as a mixed-type 

inhibitor because of the shift of cathodic and anodic branches of Tafel lines with reduced current densities compared with the 

sample in the absence of inhibitor. The adsorption of organic species on the electrode surface may lead to a large (more than 

1 V) negative or positive shift of the potential of zero charge. The presence of the three studied inhibitors resulted in a 

positive corrosion potential. The inhibition efficiency, η (%), was calculated from Eq. (11) and the results are listed in Table 

3. Icorr decreases with the presence of inhibitors, and the protection efficiency of EDA has higher protection efficiency, which 

agree with the weight loss technique. 

𝜂(%) =
𝑖𝑐𝑜𝑟𝑟

0 − 𝑖𝑐𝑜𝑟𝑟

𝑖𝑐𝑜𝑟𝑟
0   × 100                                  (10) 

Table 3. Electrochemical data from potentiodynamic polarization curves for the AZ91 alloy in a 0.1 M solution of HCl in 

both uninhibited and inhibited solutions. 

 

 

 
 

 

 

Conclusions 

The current research has conclusively shown that aliphatic amines inhibit corrosion of the AZ91 alloy in 0.1 M HCl. Additive 

concentration enhances the inhibition efficiency. The calculation of protection efficiency (P%) by weight loss follows the 

sequences 97.9, 95.5, and 92.22 for EDA, DEA, and EA, respectively. The effectiveness of inhibition decreases with 

increasing temperature and increases with inhibitor concentration. The adsorption of the inhibitor under investigation is 

described by the Langmuir adsorption isotherm and shows physical adsorption. The cathodic and anodic branches of the Tafel 

lines shifted in the noble direction and had lower current densities than the sample bath without the inhibitor, Thus, our amine 

derivative inhibitors can be classified as mixed-type inhibitors. The morphology of the inhibitors shows that these substances 

have the capacity to adsorb on metal surfaces, blocking the active sites and reducing the rate of corrosion. 
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EDA 25 -1222 98.42 
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EA 125 -1267 92.10 

Blank 1584 -1494 -- 
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