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Abstract: The effect of Morinda tinctoria (MT) leaves extract on the corrosion inhibition of Al in acid medium was studied. The 
inhibition studies were carried out on Al in 0.5 mol/L HCl with the extract of leaves of MT using mass loss and electrochemical 
techniques. Parameters, such as concentration of the inhibitor, concentration of the acid, temperature and concentration of halide ions, 
were varied and optimized. Increase of the temperature and concentration of acid can decrease the performance of the inhibitor. 
Thermodynamic parameters show that the physisorption of the inhibitor molecules on Al surface obeys Langmuir isotherm. 
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1 Introduction 
 

The corrosion inhibition process helps in reducing 
the safety and economic input of corrosion damage. Each 
metal is subjected to its own unique corrosion process. 
Aluminium (Al) is the most reactive metal compared to 
copper and steel. The significant property of Al is its 
tendency to form strongly bonded passivating oxide film 
on its surface. The thickness of the oxide film may vary 
as a function of temperature, environment and alloy 
elements. If the oxide film is damaged by scratch, new 
oxide film will immediately form on the bare metal. For 
this reason, it offers excellent resistance to corrosion and 
provides years of maintenance free service in natural 
atmosphere. As a result, Al and its alloys are used 
extensively both in industrial and domestic applications. 
The stability of the oxide film is dependent upon the pH 
value of the environment. Since the oxide film is stable 
within the pH range of about 4 to 8, it is disturbed and 
gets damaged when the Al metal is in contact with acidic 
medium of pH of less than 4 and in alkaline medium 
with pH of more than 9 [1]. The corrosion of metals in 
acid solutions can be inhibited by a wide range of 
substances, which may be synthetic or natural inhibitors. 
Synthetic compounds containing multiple bonds and 
hetero atoms are effective inhibitors, but at the same time 

the processing time, cost and their toxic nature have 
compelled the researchers to look for eco-friendly, non- 
toxic and low cost inhibitors for the corrosion protection 
of metals. Many corrosion prevention works have been 
carried out using extracts of various plants as corrosion 
inhibitors [2−7]. The use of plants extracts has been 
found to be viable alternative. The bioactive compounds 
in the plant extract are as effective as synthetic inhibitors. 
These bioactive compounds act as inhibitors in acid 
solution which interact with metals and affect the 
corrosion reaction in a number of ways, some of which 
may occur simultaneously. Morinda tinctoria (MT) 
which belongs to the family of Rubiaceae is a plant 
which is used extensively in therapeutic purposes. It is 
found to contain phytochemical constituents like 
alkaloids, flavonoids, terpenoids, steroids and amino 
acids [8,9]. The extract of this plant have been used 
successfully for the corrosion prevention of mild steel in 
HCl and H2SO4, and it has been found very effective 
[10,11]. Hence, in the present work, an effort has been 
made to explore the inhibition characteristics of aqueous 
extract (AE) of MT on Al corrosion in 0.5 mol/L HCl. 
 
2 Experimental 
 
2.1 Material preparation 

The Al specimen of 1 cm × 5 cm × 0.15 cm in size 
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with area of 11.7 cm2 was used for study of the mass loss, 
and specimen with exposed area of 0.95 cm2 was used 
for electrochemical study. The surfaces of the specimens 
were mechanically polished with different grades (800, 
1000 and 2000) of emery papers and then degreased with 
acetone. The chemical composition (mass fraction) of the 
specimen is: 0.20% Si, 0.42% Fe, 0.11% Cu, 0.027% Mn 
and the balance of Al. The AE was prepared by refluxing 
5 g of dried and powdered leaves of MT for 3 h at 60 °C 
in 100 mL of distilled water. The solution was allowed to 
cool to room temperature, filtered and stored. Proper care 
was taken to maintain the concentration of the acid as 
constant in the reaction system. Distilled water and 
analar grade chemicals were used for the study. 
 
2.2 Mass loss method 

The pre-cleaned and pre-weighed Al specimens in 
triplicate were suspended in 100 mL test solution without 
and with different concentrations of AE in 0.5 mol/L  
HCl for a period of 1−4 h. After that, the specimens were 
taken out, washed with distilled water, dried and weighed. 
From the mass loss data, inhibition efficiency (η) was 
calculated and the optimum concentration of the inhibitor 
was identified from the immersion of 1 h. To predict the 
effectiveness of the inhibitor at high acid concentration 
range, the concentration of the acid increased from 0.5 to 
1.5 mol/L. The synergistic influence of halide ions was 
studied by adding the halide additives (1% KCl, KBr and 
KI) to the test solution. All the above reactions were 
carried out in the temperature of 30±1 °C. The influence 
of temperature on the corrosion behavior of Al in the 
presence of AE of MT was studied by varying the 
temperature from 303 to 333 K. The value of inhibition 
efficiency was calculated from the equation as follows: 
 
η=[(mB−mI)/mB]×100%                        (1) 
 
where mB and mI are the mass loss of the Al specimens in 
the absence and in the presence of inhibitor, respectively. 
The corrosion rate RC (mg·cm−2·h−1) was calculated 
employing the equation [12] as follows: 
 
RC=Δm/(St)                                  (2) 
 
where Δm is the difference in the mass loss of the 
specimens before and after immersion (mg); S is the area 
of specimen (cm2) and t is the exposure time (h). 
 
2.3 Electrochemical method 

Electrochemical studies were carried out using 
electrochemical analyzer of HCH Instruments (Model 
608D). The experiments were carried out in three- 
electrode cell assembly with platinum wire mesh 
electrode and saturated calomel electrode (SCE) used as 
auxiliary and reference electrodes, respectively. Al 
specimen was used as the working electrode. AC 

impendence studies were conducted in the frequency 
range of 10000−1 Hz at the rest potential using 0.02 V 
sine wave as the excitation signal. Rct and Cdl values 
were obtained from the Nyquist plots. The η was 
calculated as 
 
η=[(Ri

ct–Ro
ct)/Ri

ct]×100%                       (3) 
 
where Ro

ct and Ri
ct are the charge transfer resistance 

values in the absence and in the presence of inhibitor, 
respectively. Potentiodynamic polarization studies were 
carried out in the potential range from −0.3 to −1.2 V at 
the scan rate of 0.01 V/s. The electrochemical parameters 
such as corrosion current density (Jcorr), corrosion 
potential (φcorr), anodic and cathodic slopes (ba and bc) 
were obtained from Tafel plots and the η was determined 
using the formula as follows: 
 
η=[(Jo

corr−Ji
corr)/Jo

corr ]×100%                   (4) 
 
where Jo

corr and J 
i
corr are the corrosion current densities in 

the absence and in the presence of inhibitor, respectively. 
 
2.4 Surface analysis 

The effect of inhibitor on corrosion process of Al 
was examined using scanning electron microscope (SEM, 
JOEL−JSM 6390). The surface analysis of the Al for 
fresh, inhibited and uninhibited systems was 
investigated. 
 
3 Results and discussion 
 
3.1 Mass loss method 

Table 1 shows the calculated values of RC and η of 
the inhibitor at different concentrations on Al surface in 
0.5 mol/L HCl solution. The table also gives the data 
corresponding to the studies on the change in immersion 
time from 1 to 4 h. The data clearly indicate that the η 
increases with increasing concentration of inhibitor from 
0.5% to 7% (volume fraction). The maximum η observed 
for 1 h is 88.89% and the efficiency gradually increases 
up to 2 h immersion time. At 2 h immersion period, the 
maximum efficiency is 96.72%, when the concentration 
of inhibitor is 7%. After 2 h immersion, the η starts 
decreasing for 3 and 4 h. The maximum inhibition 
efficiencies for the highest concentration (7%) of extract 
at different immersion periods (1, 2, 3 and 4 h) are found 
to be 88.89%, 96.72%, 76.01% and 70.66%, respectively, 
indicating that the maximum efficiency is achieved with 
2 h immersion. The increase of η with increasing of 
inhibitor concentration indicates the adsorption of the 
inhibitor molecules on the aluminium metal surface in 
0.5 mol/L HCl medium. Similarly, the decrease in the 
efficiency at higher immersion period indicates 
desorption of the inhibitor molecules from the metal 
surface. 
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The results obtained in Table 2 clearly indicate that, 
the RC increases and the η decreases with increasing the 
acid concentration. Higher concentration of acid 
increases the rate of chemical reaction and controls the 
adsorption power of inhibitor by ionization of active 
species in the corrosion process [13]. The other 
possibility is that the bond between plant compounds and 
metal surface (bio compounds on Al) may be ruptured by 
acid molecules at higher concentration to form hydrogen- 
metal bond. This results in the higher coverage of the 
active sites by acid molecules which prevent the 
penetration of inhibitor molecules to the surface of the 
metal.  However, the increase of RC is more prominent 
at 1 mol/L acid concentration than that at higher acid 
concentrations. This might be due to the fact that at this 
pH, the interaction between the inhibitor molecules and 
the corrosion product is less on Al surface. This leads to 
lower surface coverage and higher exposure of the metal 

to acid. 
Table 3 lists the influence of halide additives on the 

corrosion inhibition of Al using MT. The effect of halide 
ions on the inhibition efficiency of various organic 
compounds and natural products on Al corrosion was 
studied in Refs. [14−18], and it was observed that the 
synergistic effect increased in the order of Cl−<Br−<I−. 

According to the literature, the halide ions facilitate 
the adsorption of organic compounds in plant extracts 
during Al corrosion in acidic medium. The addition of 
halide ions improves the inhibitive action of inhibitor 
and decreases the amount of inhibitor usage. 

The addition of 1% KCl to MT solution of different 
concentrations (0.5%−7%) increases the η. The 
synergistic influence of KCl enhances the inhibition 
efficiency of MT in the concentration range of 0.5%−3%. 
The synergistic or co-operative mechanism observed on 
the addition of KCl to acid solution containing MT is  

 
Table 1 Data from mass loss studies for corrosion inhibition of Al in 0.5 mol/L HCl solution with various concentrations of AE at 
different immersion time 

1 h  2 h 3 h  4 h Concentration of 
inhibitor/% RC/(mg·cm−2·h−1) η/%  RC/(mg·cm−2·h−1) η/% RC/(mg·cm−2·h−1) η/%  RC/(mg·cm−2·h−1) η/%

0 1.23 −  2.74 − 3.10 −  2.67 − 

0.5 0.45 63.19  0.37 86.43 1.30 58.09  2.05 23.42

1 0.30 75.69  0.28 89.70 1.17 62.22  1.48 44.68

3 0.24 80.56  0.17 93.92 1.11 64.25  1.22 54.52

5 0.16 86.81  0.12 95.48 0.87 71.88  0.87 67.39

7 0.14 88.89  0.09 96.72 0.74 76.01  0.78 70.66

 
Table 2 Data from mass loss studies for corrosion inhibition of Al at different concentrations of inhibitor and acid 

0.5 mol/L HCl  1 mol/L HCl 1.5 mol/L HCl  2 mol/L HCl Concentration of 
inhibitor/% RC/(mg·cm−2·h−1) η/%  RC/(mg·cm−2·h−1) η/% RC/(mg·cm−2·h−1) η/%  RC/(mg·cm−2·h−1) η/%

0 1.23 −  33.97 − 13.56 −  35.22 − 

0.5 0.45 63.19  15.89 53.23 5.21 61.63  18.05 50.54

1 0.30 75.69  15.26 55.07 4.10 69.75  17.14 53.23

3 0.24 80.56  11.70 65.56 2.91 78.58  15.82 57.11

5 0.16 86.81  11.08 67.40 2.56 81.10  15.00 59.52

7 0.14 88.89  9.57 71.82 2.14 84.25  14.52 60.93

 
Table 3 Influence of halide ions on corrosion of Al in 0.5 mol/L HCl solution with different concentrations of AE 

AE  AE + KCl AE +KBr  AE + KI Concentration of 
inhibitor/% RC/(mg·cm−2·h−1) η/%  RC/(mg·cm−2·h−1) η/% RC/(mg·cm−2·h−1) η/%  RC/(mg·cm−2·h−1) η/%

0 1.23 −  1.23 − 1.23 −  1.23 − 

0.5 0.45 63.19  0.32 73.61 0.62 50.00  0.58 52.78

1 0.30 75.69  0.20 84.03 0.51 58.33  0.53 56.94

3 0.24 80.56  0.16 86.81 0.50 59.72  0.42 65.97

5 0.16 86.81  0.12 90.28 0.43 65.28  0.35 71.53

7 0.14 88.89  0.11 90.97 0.38 68.75  0.32 74.31
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due to the increased surface coverage which results from 
the ion-pair interaction between the organic cations and 
anions. 

Table 3 also shows that the addition of 1% KBr and 
KI with different concentrations of inhibitor (0.5%−7%) 
decreases the inhibition efficiency. The antagonistic or 
competitive mechanism observed during the addition of 
KBr and KI to acid solution containing inhibitor 
molecules which blunt the Al corrosion is due to the 
weaker interaction between the inhibitor molecules and 
the halide (KBr and KI) additives [19,20]. 
 
3.2 Effect of temperature 

Table 4 lists the details about the effect of 
temperature on the corrosion of Al in free acid and in the 
presence of different concentrations of AE in the 
temperature range of 30−60 °C. It clearly shows that the 
increase of temperature increases the mass loss of the 
metal in the corrosion medium. Temperature favors the 
reactivity of the active constituents of the corrosion 
medium and also increases the chemical reactions 
thereby decreases the η. The activation energy (Ea) for Al 
corrosion reaction at 7% inhibitor concentration was 
found out from the slope of the Arrhenius plot (lg RC vs 
1/T) (Fig. 1), where the slope is Ea/(2.303R); RC is the 
corrosion rate; R is the gas constant; T is the temperature 
in absolute scale. These values are listed in Table 5 and it 
is seen from the table that the calculated values of Ea for 
the inhibited system are found to be higher than those for 
the uninhibited system. This is an indication of 
spontaneous adsorption of the inhibitor molecules on Al 

 

 
Fig. 1 Arrhenius plot (lg RC vs 1/T) for Al corrosion in 0.5 
mol/L HCl in presence and absence of AE 
 
surface and is attributed to physisorption [21]. An 
increase in the activation energy of inhibited system is 
due to the adsorption of the inhibitor molecules on active 
sites. 
 
3.3 Adsorption isotherm 

The nature of interaction between the inhibitor and 
metal surface can be clearly explained by the adsorption 
isotherm. This plays an important role in determining the 
adsorption process. The surface coverage values obtained 
from the mass loss method was tested with different 
adsorption isotherms. Among various adsorption 
isotherms tested, Langmuir isotherm gives the best fit  
in the temperature range of 303−333 K. The Langmuir  

 
Table 4 Data from mass loss studies for effect of temperature on corrosion of Al with AE 

30 °C  40 °C 50 °C  60 °C Concentration of 
inhibitor/% RC/(mg·cm−2·h−1) η/%  RC/(mg·cm−2·h−1) η/% RC/(mg·cm−2·h−1) η/%  RC/(mg·cm−2·h−1) η/%

0 1.23 −  10.55 − 11.44 −  13.07 − 

0.5 0.45 63.19  4.85 54.05 8.21 28.30  12.59 3.66

1 0.30 75.69  3.25 69.21 6.73 41.22  8.98 31.26

3 0.24 80.56  2.77 73.74 3.50 69.38  7.67 41.33

5 0.16 86.81  1.64 84.44 2.87 74.91  5.65 56.77

7 0.14 88.89  1.48 85.98 2.24 80.43  4.88 62.66

 
Table 5 Thermodynamic parameters for adsorption of AE on Al in 0.5 mol/L HCl solution at different temperatures 

−ΔGads/(kJ·mol−1) Concentration of 
inhibitor/% 

Ea/ 
(kJ·mol−1) 303 K 313 K 323 K 333 K 

−ΔHads/ 
(kJ·mol−1) 

ΔSads/ 
(kJ·mol−1·K-1) 

0 59.62 − − − − − − 

0.5 87.32 13.20 12.65 10.13 3.96 106.22 0.30 

1 90.93 12.96 12.54 9.81 8.91 58.31 0.15 

3 88.44 10.91 10.26 10.01 7.08 46.86 0.12 

5 93.20 10.83 10.64 9.38 7.39 46.37 0.12 

7 92.63 10.46 10.08 9.33 7.14 43.32 0.11 
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isotherm is represented by 
 
θ/(1−θ)=KadsC                                (5) 
 
where Kads is the adsorption equilibrium constant and is 
related to the free energy of adsorption. The Langmuir 
isotherm is obtained by plotting lg [θ/(1−θ)] vs lg C, as  
shown in Fig. 2. The free energy of adsorption (∆Gads) at 
various concentrations of inhibitor at different 
temperatures is calculated using the following equation: 
 
∆Gads=−RTln(55.5K)                           (6) 
 
where K=θ/Cinh(1−θ); θ is the surface coverage, Cinh is 
concentration of inhibitor, and the constant value of 55.5 
represents the concentration of water in solution. 
Generally, the value of ∆Gads less negative than −20 
kJ/mol signifies physisorption and the value more 
negative than about −40 kJ/mol indicates chemisorption 
[22]. Table 5 shows that the values of ∆Gads are less 
negative than −20 kJ/mol, indicating that the process of 
inhibition is through physisorption. Further, the negative 
values of ∆Gads point out the stability of the adsorbed 
layer and the spontaneity of adsorption. Table 5 also 
shows that the values of ∆Hads are negative and the 
values of ∆Sads are positive. The negative value of ∆Hads 
and the positive value of ∆Sads indicate the feasibility of 
the reaction. Further the ∆Gads, ∆Hads and ∆Sads values 
indicate that the process of adsorption of AE is 
spontaneous and exothermic in nature. 
 

 
Fig. 2 Langmuir adsorption isotherm for Al corrosion in 0.5 
mol/L HCl in presence of AE 
 
3.4 Electrochemical method 

Impedance studies were carried out by varying the 
concentration of inhibitor, concentration of acid, 
temperature and the concentration of added halide ions. 
The Randles equivalent circuit used for impedance 
studies [23,24] is shown in Fig. 3, where Rs is the 
solution resistance, Cdl is the double layer capacitance, 
and Rct is the charge transfer resistance. The impedance 
data obtained from Nyquist plots for the above 
mentioned systems are listed in Tables 6−13. The 

representative Nyquist plots for various concentrations of 
inhibitor AE is shown in Fig. 3. The values of Rct 
increases with increasing in concentrations of the 
inhibitor AE. The impedance diagrams obtained are 
approximately elliptical in shape. Similar plots have been 
reported by in Refs. [25−28] for aluminium corrosion in 
acid medium. Generally, this type of spectra is always 
observed for aluminium in hydrochloric acid [29,30]. 
Figure 3 shows that the impedance spectra consist of one 
capacitive loop at high frequencies followed by one 
inductive loop at low frequencies. The capacitive loop at 
high frequencies is assigned to the formation of oxide 
film on Al surface, and the inductive loop at low 
frequencies is attributed to the relaxation of the charged 
intermediates adsorbed on the electrode surface 
[23,26−28]. The size of the loop increases with 
increasing the concentration of inhibitor, and the shape is 
maintained throughout the experiment, suggesting the 
protective layer formation on the metal surface and 
corrosion of Al is controlled by charge transfer process. 
The imperfect semicircle (elliptical) is attributed to the 
frequency dispersion as a result of the roughness and 
inhomogeneity of electrode surface. 
 

 
Fig. 3 Nyquist plots for corrosion of Al in 0.5 mol/L HCl 
solution with various concentrations of AE at (30±1) °C 
 

Figure 4 shows the typical cathodic and anodic 
Tafel polarisation curves for Al in 0.5 mol/L HCl 
solution in the absence and presence of different 
concentrations of inhibitor. Similar curves were obtained 
for the other systems (varying the acid medium, addition 
of halide ions and varying the temperature). The results 
of polarisation studies for Al in 0.5 mol/L HCl under 
different conditions are listed in Tables 6−13. It is seen 
from these tables that the corrosion current (Jcorr) 
decreases and the η increases with increasing the 
concentration of inhibitor which is due to the increase in 
the surface coverage by the inhibitor molecules on the 
metal surface. The corrosion potential (φcorr) is found to 
be high in the absence of inhibitor for all the studied 
systems. Competitive adsorption mechanism directs the 
corrosion potential of blank solution to more negative  
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Table 6 Electrochemical parameters for corrosion of Al in 0.5 mol/L HCl solution in absence and presence of different concentrations 
of AE at (30±1) °C 
Concentration of inhibitor/% Rct/(Ω·cm2) η/% Cdl/(μF·cm−2) ba/(V·dec−1) bc/(V·dec−1) Jcorr/(10−3A·cm−2) η/% −φcorr (vs SCE)/V

0 5.945 − 67.21 4.527 4.574 10.56 − 0.7595 

0.5 16.23 63.37 58.70 4.996 4.229 5.366 49.19 0.7319 

1 25.69 76.86 54.40 8.061 4.373 3.373 68.06 0.7352 

3 28.84 79.39 53.60 8.685 4.245 3.097 70.67 0.7351 

5 39.37 84.90 50.50 11.124 4.565 2.254 78.66 0.7364 

7 54.35 89.06 50.30 11.243 4.487 2.041 80.67 0.7364 

 
Table 7 Electrochemical parameters for corrosion of Al with AE and KCl 

Concentration of inhibitor/% Rct/(Ω·cm2) η/% Cdl/(μF·cm−2) ba/(V·dec−1) bc/(V·dec−1) Jcorr/(10−3A·cm−2) η/% −φcorr (vs SCE)/V

0 5.945 − 67.21 4.527 4.574 10.56 − 0.7595 

0.5 23.99 75.22 62.45 8.669 4.466 2.825 73.25 0.7362 

1 41.27 85.59 58.61 10.259 4.480 2.374 77.52 0.7374 

3 44.39 86.61 55.43 10.719 4.446 1.985 81.20 0.7396 

5 56.95 89.56 54.15 11.317 4.403 1.893 82.07 0.7396 

7 58.96 89.92 50.83 13.682 4.618 1.621 84.65 0.7406 

 
Table 8 Electrochemical parameters for corrosion of Al with AE and KBr 

Concentration of inhibitor/% Rct/(Ω·cm2) η/% Cdl/(μF·cm−2) ba/(V·dec−1) bc/(V·dec−1) Jcorr/10−3 (A·cm−2) η/% −φcorr (vs SCE)/V

0 5.945 − 67.21 4.527 4.574 10.56 − 0.7595 

0.5 14.21 58.16 56.62 5.143 3.049 5.983 43.34 0.7352 

1 14.42 58.77 54.02 5.100 2.958 5.896 44.17 0.7342 

3 15.79 62.35 53.57 5.185 3.210 5.726 45.78 0.7352 

5 17.30 65.64 51.07 5.162 2.900 5.693 46.09 0.7340 

7 20.04 70.33 50.09 4.990 3.711 5.087 51.83 0.7274 

 
Table 9 Electrochemical parameters for corrosion of Al with AE and KI  

Concentration of inhibitor/% Rct/(Ω·cm2) η/% Cdl/(μF·cm−2) ba/(V·dec−1) bc/(V·dec−1) Jcorr/(10−3A·cm−2) η/% −φcorr (vs SCE)/V

0 5.945 − 67.21 4.527 4.574 10.56 − 0.7595 

0.5 13.01 54.30 59.58 4.978 4.060 5.927 43.87 0.7340 

1 13.23 55.06 58.01 5.096 2.769 5.895 44.18 0.7351 

3 16.94 64.91 56.86 5.074 4.048 5.714 45.89 0.7374 

5 19.60 69.67 51.39 4.897 3.853 5.657 46.43 0.7319 

7 23.93 75.16 39.01 4.873 4.637 5.141 51.32 0.7241 

 
Table 10 Electrochemical parameters for corrosion of Al in 1 mol/L HCl solution in absence and presence of different concentrations 
of AE 

Concentration of inhibitor/% Rct/(Ω·cm2) η/% Cdl/(μF·cm−2) ba/(V·dec−1) bc/(V·dec−1) Jcorr/(10−3 A·cm−2) η/% −φcorr (vs SCE)/V

0 3.765 − 93.11 4.570 3.781 11.850 − 0.7619 

0.5 7.764 51.51 76.55 5.134 2.996 5.685 52.03 0.7342 

1 8.580 56.12 61.66 4.882 3.481 5.539 53.26 0.7307 

3 11.16 66.26 61.30 4.715 4.106 5.643 52.38 0.7274 

5 12.48 69.83 60.83 5.067 2.958 5.397 54.46 0.7352 

7 13.10 71.26 51.36 5.028 4.217 4.943 58.29 0.7330 
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Table 11 Electrochemical parameters for corrosion of Al in 1.5 mol/L HCl solution in absence and presence of different 
concentrations of AE 
Concentration of inhibitor/% Rct/(Ω·cm2) η/% Cdl/(μF·cm−2) ba/(V·dec−1) bc/(V·dec−1) Jcorr/(10−3A·cm−2) η/% −φcorr (vs SCE)/V

0 3.069 − 101.10 4.697 3.912 11.720 − 0.7616 

0.5 7.122 56.91 78.73 5.072 3.277 6.151 47.52 0.7330 

1 8.783 65.06 63.29 5.056 2.952 6.028 48.57 0.7352 

3 13.80 77.76 61.32 4.828 4.428 5.993 48.87 0.7308 

5 15.30 79.94 46.58 5.137 2.775 5.896 49.69 0.7362 

7 15.93 80.73 44.00 5.106 2.770 5.772 50.75 0.7375 

 
Table 12 Electrochemical parameters for corrosion of Al in presence of AE at (40±1) °C 
Concentration of inhibitor/% Rct/(Ω·cm2) η/% Cdl/(μF·cm−2) ba/(V·dec−1) bc/(V·dec−1) Jcorr/(10−3A·cm−2) η/% −φcorr (vs SCE)/V

0 3.814 − 109.40 4.576 3.928 11.610 − 0.7619 

0.5 8.067 52.72 85.63 4.799 3.990 6.178 46.79 0.7340 

1 13.58 71.91 85.01 4.854 4.033 6.152 47.01 0.7340 

3 16.01 76.18 80.05 4.970 3.907 6.109 47.38 0.7340 

5 24.29 84.30 72.63 5.100 3.365 5.850 49.61 0.7340 

7 25.93 85.29 44.38 4.762 4.352 5.786 50.16 0.7330 

 
Table 13 Electrochemical parameters for corrosion of Al in presence of AE at (50±1) °C 
Concentration of inhibitor/% Rct/(Ω·cm2) η/% Cdl/(μF·cm−2) ba/(V·dec−1) bc/(V·dec−1) Jcorr/(10−3A·cm−2) η/% −φcorr(vs SCE)/V

0 3.040 - 96.19 4.986 4.819 14.15 - 0.7805 

0.5 4.019 24.36 87.69 5.205 3.371 6.336 55.22 0.7406 

1 4.853 37.36 76.95 5.137 3.309 6.232 55.96 0.7385 

3 8.705 65.08 74.40 5.167 3.262 6.223 56.02 0.7374 

5 10.79 71.83 68.68 4.806 4.030 6.191 56.25 0.7330 

7 19.44 84.36 36.40 5.006 3.454 5.791 59.07 0.7319 

 

 
Fig. 4 Tafel plots for corrosion of Al in 0.5 mol/L HCl solution 
with various concentrations of AE at (30±1) °C 
 
values. The addition of inhibitor produces a positive shift 
(less negative) in the φcorr values which is an indication 
of the interaction of the molecules with metal surface 
[31]. The result also reveals that in inhibited system φcorr 

values are shifted towards less negative values 
representing the nobility. Further, there has not been 

much change in the φcorr of the inhibited test solutions 
indicating the mixed nature of the inhibitor, which 
prevents both anodic and cathodic reactions. It is further 
confirmed by the variation of ba and bc values of blank 
solution from that of the inhibited solution. It shifts the 
anodic curves to more positive potentials and shifts the 
cathodic curves to more negative potentials. However, 
the shift in the cathodic slope values is found to be 
considerable compared to the shift in the anodic slopes. 
Tables 8−13 show that the η calculated from Jcorr values 
of polarisation studies is not equal to that obtained from 
impedance studies but the trend is similar. This is due to 
the fact that the real polarisation resistance or the charge 
transfer resistance is lower than polarisation resistance 
obtained from EIS method. This deviation is the result of 
the resistance of the diffuse layer [29,32]. 
 

4 Surface analysis 
 

The SEM images of fresh specimen, specimen in 
acid and specimen in inhibited acid are shown in Fig. 5. 
Figure 5 shows that the Al surface is damaged more in  
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Fig. 5 SEM images of different Al specimens: (a) Fresh Al;   
(b) Al in 0.5 mol/L HCl; (c) Al in 0.5 mol/L HCl with AE 
 
the absence of inhibitor and less in the presence of 
inhibitor, and the image shows good protective film 
formation by the adsorbed bioactive species on the metal 
surface. 
 
5 Conclusions 
 

1) Aqueous extract of Morinda tinctoria acts as 
good inhibitor for the corrosion of aluminium in 0.5 
mol/L HCl solution. 

2) Increasing concentration of inhibitor increases 
the inhibition efficiency, and the efficiency decreases 
with increasing the concentration of acid as well as 
temperature. The inhibitor gives high efficiency of about 
96.72% with immersion of 2 h. 

3) The addition of KCl exerts synergistic effect, and 
antagonistic effect is observed with KBr and KI addition. 

4) Negative values of ΔGads indicate the spontaneous 
adsorption of inhibitor molecules on Al surface. The 
negative values of ΔHads and the positive values of ΔSads 
predict that the reaction is exothermic in nature and the 
process of adsorption of the inhibitor is through 
physisorption. 

5) The calculated values of Ea are found to be 
higher for inhibited system than that for uninhibited 
system advocating the physisorption. The adsorption of 
AE on Al follows Langmuir isotherm. 

6) Large capacitive loop followed by inductive loop 
is obtained in EIS method. Potentiodynamic polarisation 
studies indicate the mixed nature of the inhibitor. Surface 
analysis reveals the adsorption of inhibitor molecule on 
the metal surface. 
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摘  要：研究在盐酸介质中巴戟天树叶水性提取物对铝表面腐蚀抑制作用的影响。采用质量损失法和电化学方法

研究铝在含巴戟天植物树叶提取物的 0.5 mol/L HCl 溶液中的缓蚀作用。对缓蚀剂浓度、酸浓度、温度和卤化物离

子浓度等参数进行优化。结果表明：提高温度和酸的浓度会降低缓蚀剂的性能。热力学分析表明：铝表面的缓蚀

剂分子的吸附服从 Langmuir 吸附等温线。 

关键词：铝；质量损失；酸腐蚀；抑制；巴戟天 
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