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 A B S T R A C T 

Corrosion inhibitive action of glutathione reduced (Gth), an eco-friendly 
inhibitor of aluminium alloy 6061 (AA6061) was investigated in a 0.5 M 
HCl medium. Experiments were conducted using weight loss and 
potentiodynamic polarization (PDP) methods. The inhibition efficiency of 
Gth increases with increasing its concentration and decreases with 
increasing temperature. Gth demonstrated reasonably good inhibition 
performance (87 % at 0.7 mM at 303 K) by acting as a mixed inhibitor. 
The measurement of activation and thermodynamic parameters 
regulating the inhibition behavior of Gth shows the mixed adsorption of 
Gth on the alloy surface, which follows the Langmuir isotherm model. 
Scanning electron microscopy (SEM) and atomic force microscopy (AFM) 
was used to conduct the surface morphological examination of corroded 
and inhibited alloy specimens. 
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1. INTRODUCTION  
 

The process of material deterioration (such as 
that of metals, alloys, composites) that occurs 
due to their association with the environment is 
commonly referred to as corrosion. In reality, 
metallic corrosion is the conversion of pure 
metal to its compound form. As a result, the 
desired lifetime of the metal / alloy is shortened. 
Therefore, there is a need to protect metallic 
structures and components that are exposed to 
corrosion in different environments. As per the 
report published in the year 2016, the estimated 
cost of corrosion is almost equal to 3.4 % of 
global GDP and this will increase over the years. 
In this connection, an annual savings of 375 to 

875 billion USD can be achieved by 
implementing appropriate control practices 
against corrosion. Adequate consideration 
should, therefore, be given over the years to the 
prevention of corrosion, which would help to 
conserve the world's material resources [1]. 
 
Commercial aluminium alloys of the 6xxx series 
consist mainly of Al, Mg, and Si as the main alloy 
components. AA6061 is commonly used in 
aircraft, aerospace, automotive and marine 
industries mainly due to its high tensile strength 
and thermal resistance and corrosion resistance 
properties [2,3]. The corrosion resistance of Al 
and its alloys is attributed to their ability to form 
a natural surface oxide film due to passivation 
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[4,5]. In aggressive chloride/acid media, a 
breakdown of the passive layer and pit 
formation can occur due to localized corrosion 
[6,7]. Al and its alloys (including AA6061) can be 
better protected by the use of chemical 
inhibitors from the corrosive attack of the 
aggressive acid media [8-11]. In many 
industries, hydrochloric acid is widely used as a 
pickling agent for Al, and its alloys. In such 
pickling processes, it is absolutely necessary to 
control the degradation of the metal. Among the 
various available corrosion control techniques, 
the use of inhibitors is the simplest and most 
cost-effective method. 
 
Research on eco-friendly corrosion inhibitors 
has become increasingly important in recent 
years. Compounds with high safety efficiency at 
low risk of environmental pollution are most 
favoured. Amino acids and their derivatives are 
being studied as eco-friendly inhibitors for 
corrosion of different metals and alloys [12-15]. 
An amino acid derivative, glutathione reduced 
(Gth) is basically a tripeptide with the chemical 
structure as shown in Fig. 1.  
 

 
Fig. 1. The molecular structure of glutathione reduced. 
 

It contains multiple heteroatoms (S, O, and N) 
and polar groups. It is therefore required to 
demonstrate reasonably good inhibition 
behaviour as a corrosion inhibitor. Gth showed a 
good inhibition efficiency towards copper in the 
hydrochloric acid medium [16]. This paper 
describes the finding of Gth as an eco-friendly 
corrosion inhibitor of AA6061 in 0.5 M HCl 
medium. Potentiodynamic polarization and 
weight loss methods were used in this study. 
Inhibition occurs by adsorption of Gth on alloy 
surfaces as revealed by SEM and AFM analysis.                  
      
 

2. EXPERIMENTAL PROCEDURE 
 

2.1 Materials  
 
The elemental composition of the AA6061 
sample   investigated  in  the  present  work  is as 
mentioned in Table 1. The rectangular coupons 
of the sample with 1cm × 2 cm × 0.5 cm 

dimensions were used to carry out weight loss 
tests. A cylindrical AA6061 coupon was 
embedded in an acrylic resin material having 
one end exposed (surface area, 1.0 cm2). Initially, 
the specimen was abraded by emery papers of 
varied grades (200-800) and then in a disc 
polisher, finally washed thoroughly with 
deionized water. A corrosive medium of 
hydrochloric acid (0.5M) was prepared from an 
analytical grade (37 %) sample. Glutathione 
reduced (Analytical grade, Merck) was used as 
an inhibitor and its aqueous solutions of the 
appropriate concentration were prepared. 
 
Table 1. The composition of AA6061 specimen 
material. 

Element Si Cu Mg Cr Al 

Wt. (%) 0.51 0.18 0.82 0.04 98.45 

 

2.2 Weight loss technique 
 

Accurately weighed test specimens were 
immersed in 100 ml of 0.5 M HCl in the absence 
and presence of varying concentrations of Gth at 
303K for 12h without any stirring. The 
temperature was accurately maintained    within  
±1 0C using a calibrated thermostat. After 
exposure, the specimens were removed from the 
test solution, washed thoroughly with distilled 
water and subsequently with ethanol, and finally 
dried at room condition. The dried coupons were 
weighed and the corresponding weight loss was 
calculated. The same tests were performed at 24, 
36 and 48 h immersion time. Each experiment 
was repeated three times and the mean value was 
used for further calculations.  

 

2.3 PDP technique 
 

Corrosion studies were performed with the 
help of a CH-instrument (604D-series, US 
model). A cell system with a counter electrode 
of Pt, a reference electrode of saturated 
calomel, and a working electrode of 
AA6061specimen were used. A freshly 
abraded specimen of AA6061 with an exposed 
surface area of 1.0 cm2 was immersed in 0.5 M 
HCl at varying temperatures (303, 313 and 
323 K). The temperature was precisely 
maintained within ±1 0C using a calibrated 
thermostat. Initially, the cell system was 
dipped in the acid medium for 30 min at OCP 
(open circuit potential). Then, the PDP studies 
were performed by polarizing AA6061 
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specimen electrode from +250 mV to -250 mV 
potential with reference to OCP at 0.01Vs -

1scan rate. From Tafel curves, Ecorr (corrosion 
potential), icorr (current density) and the slope 
corresponding to the linear potion of anodic 
(βa) and cathodic (βc) curves were recorded. 

 
2.4 Surface characterization  
 
The surface morphological studies were 
performed on a freshly abraded specimen of 
AA6061, specimens immersed separately in 0.5M 
HCl without and with 0.7mM Gth for 12h. The 
SEM pictures of alloy specimens were recorded 
using EVO 18-5-57 model analytical scanning 
electron microscope and AFM images using the 
IB342 Innova model atomic force microscope. 
 
 

3. RESULTS AND DISCUSSION 
 

3.1 Weight loss measurements 
 

By measuring weight loss, inhibition efficiency 
(IE) can be calculated from the relationship [17]:       

100(%)
0

0 



w

ww
IE                  (1) 

In the above equation, W0 and W represent the 
observed weight loss of AA6061 specimen 
immersed in the acid medium without and with 
Gth respectively. 
 
The results of the weight loss method are 
shown in Table 2. From Fig. 2, it is evident that 
IE increases with an increase in Gth 
concentration but decreases with an increase in 
immersion time. The weight loss measured 
decreases with an increase in the concentration 
of Gth, which leads to a decrease in the 
corrosion rate of AA6061. The IE of Gth, 
therefore, increases with an increase in its 
concentration. The increase in IE of Gth can be 
attributed to the increase in surface coverage 
due to its adsorption at the alloy/acid solution 
interface [18]. This indicates that an increase in 
the concentration of Gth increases the number 
of molecules adsorbed on the surface of the 
alloy and reduces the surface area available for 
direct acid attack on the surface of the alloy. 
However, the weight loss achieved remains 
almost constant beyond the optimum 
concentration of Gth (0.7 mM). The highest IE 
of 87.8 % was evinced at 0.7 mM of Gth. 

Table 2. The results of weight loss method at a 
varying concentration of Gth and 303 K. 

Immersion 
time (h) 

[Gth] 
(mM) 

Wt. loss 
(mg cm-2) 

IE 
(%) 

12 0 30.20 ± 0.04 - 
 0.06 7.42 ± 0.07 75.4 
 0.08 6.50 ± 0.05 78.4 
 0.3 5.62 ± 0.03 81.4 
 0.5 4.66 ± 0.02 84.5 
 0.7 3.66 ± 0.03 87.8 

24 0 38.42 ± 0.05 - 
 0.06 10.56 ± 0.06 72.5 
 0.08 8.22 ± 0.03 78.6 
 0.3 7.84 ± 0.05 79.6 
 0.5 6.82 ± 0.04 82.2 
 0.7 5.78 ± 0.02 85.0 

36 0 45.68 ± 0.03 - 
 0.06 13.01 ± 0.08 71.5 
 0.08 10.86 ± 0.04 76.2 
 0.3 9.00 ± 0.02 80.3 
 0.5 7.48 ± 0.03 83.6 
 0.7 6.80 ± 0.01 85.1 

48 0 51.84 ± 0.05 - 
 0.06 14.88 ± 0.09 71.3 
 0.08 13.02 ± 0.04 74.9 
 0.3 12.06 ± 0.03 76.7 
 0.5 11.12 ± 0.02 78.5 
 0.7 8.30 ± 0.03 84.0 

 
It is evident from the results that the IE of Gth 
decreases marginally by increasing the immersion 
time of alloy specimens from 12 to 48 h.  
 

 
Fig. 2. The graph indicating the influence of 
concentration of Gth and the immersion time of 
specimen on the IE of Gth at 303K. 

 
3.2 PDP measurements 
 
Inhibition activity of Gth on AA6061 corrosion 
was analysed using the PDP technique. The 
corrosive action of 0.5M HCl medium without 
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and with the presence of Gth on AA6061 at 303K 
was graphically represented as Tafel 
polarization curves (Fig. 3). The corrosion rate 
(CR) of AA6061, surface coverage (θ) and 
inhibition efficiency (IE) of Gth, were computed 
from the following relations [19, 20]: 

z

iM
mmpyCR corr








3270
)(  (2) 

In the above relation, 3270 is the unit 
conversion constant, icorr equal to corrosion 
current density in Acm2, ρ is the density, M is the 
atomic mass of Al, and Z is the number of 
electron transfer occurs per metal atom.  

corr

inhcorrcorr

i

ii )(
   (3) 

In the above equation, icorr equal to corrosion 
current density in the blank medium, whereas 
icorr (inh) that in the inhibited medium. 

100(%) IE   (4) 

Electrochemical parameters such as Ecorr, icorr, CR, 
IE, βa, βc are shown in Table 3. The icorr and CR 
values are reduced when the additive 
concentration of Gth increases. It can be possible 
by the adsorption of Gth, which protects the alloy 
surface from more corrosion [9]. The inhibition 
activity of Gth increased with an increase in its 
additive concentration, while it decreased slightly 
with an increase in temperature. 
 

 
Fig. 3. Tafel plot for AA6061 in 0.5M HCl without and 
with Gth at 303K. 

 
The maximum IE of 86 % was reached by adding 
0.7 mM Gth at 303K. Generally, if the observed 

change in Ecorr value in the inhibited medium 
exceeds ±85 mV compared to that in the 
uninhibited medium, then the added inhibitor 
can be classified as belongs to cathodic or anodic 
type [21]. In the present case, the highest change 
in the Ecorr value found in the inhibited medium 
is around -20 mV, which means that Gth has a 
mixed inhibitor behaviour. Table 3 shows that 
the value of βc does not change significantly with 
an increase in the additive concentration of Gth. 
 
Table 3. PDP results for AA6061 in 0.5 M HCl without 
and with Gth at varied temperatures. 

T 
(K) 

[Gth] 
(mM) 

Ecorr 

(mV) 

- βc 

(mV 
dec-1) 

βa 

(mV 
dec-1) 

icorr 

(mA 
cm-2) 

CR 
(mmpy) 

IE 
(%) 

3
0

3
 

0 -729 558.2 568.1 4.650 50.64 0 

0.06 -723 738.0 797.3 1.210 13.18 73.9 

0.08 -724 736.9 751.0 1.073 11.71 76.8 

0.3 --728 763.8 816.9 0.803 8.76 82.7 

0.5 -722 753.6 787.1 0.712 7.76 84.6 

0.7 -728 731.0 775.5 0.652 7.10 85.9 

3
1

3
 

0 -739 532.3 513.9 8.165 90.98 0 

0.06 -733 664.0 612.9 2.251 24.52 72.4 

0.08 -732 652.5 701.0 2.023 22.27 75.2 

0.3 -733 731.0 690.3 1.430 15.58 82.4 

0.5 -735 751.3 720.7 1.443 15.73 82.8 

0.7 -734 754.4 741.2 1.191 12.97 85.4 

3
2

3
 

0 -749 374.3 497.4 12.17 132.8 0 

0.06 -740 673.4 568.9 3.273 35.66 69.1 

0.08 -741 670.8 538.7 3.227 35.15 73.2 

0.3 -742 674.3 589.3 2.959 32.23 75.7 

0.5 -742 647.1 565.7 2.679 29.18 78.0 

0.7 -740 700.3 608.8 2.180 23.75 82.1 

 

It means that the added Gth raises the energy 
barrier for the proton discharge reaction and 
therefore regulates the kinetics of the cathodic 
reaction.  Similarly, the anodic slope (βa) does 
not vary significantly when the additive 
concentration of Gth is increased. This shows 
that the added Gth regulates the metal 
dissolution reaction by blocking the anodic 
reactive sites without altering the inhibition 
mechanism [22,23]. 
 
3.3 Influence of temperature 
 
The data relating to the effect of the temperature 
increase on the IE of Gth are recorded in Table 3 
and are also graphically represented in Fig. 4.  
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Fig. 4. The effect of temperature on the IE of Gth. 

 
In the absence of Gth, the corrosion rate was 
found to increase sharply with an increase in the 
temperature of the acid medium (Table 3). 
Generally, the rate of a chemical reaction 
including electrochemical reaction increases 
with an increase in temperature due to the 
increase in the activation energy of the reacting 
species. It is clear from the findings (Fig. 4) that 
there is a slight decrease in IE of Gth with a 
temperature increase from 303 to 323K. This 
can be attributed to the weaker adsorption of 
Gth at higher temperatures due to the shorter 
time gap between its adsorption and desorption. 
This may lead to the desorption of some of the 
adsorbed Gth molecules from the alloy surface at 
higher temperatures. As a result, a larger surface 
area of the alloy is exposed to the acid medium, 
which may result in an increase in CR of the alloy 
and a decrease in IE of Gth. The observed 
decrease in IE with temperature increase 
indicates that Gth molecules are adsorbed on the 
surface of the alloy through physisorption [24]. 
The effect of the temperature on the 
deterioration of AA6061 is useful in the 
measurement of the activation parameters such 
as the activation energy (Ea), enthalpy change 
(∆Ha), and entropy change (∆Sa). 
 

The Arrhenius equation was used in computing 
Ea values [25]. 

RT

E
BCRIn a)(                          (5) 

In the above relation, CR refers to the corrosion 
rate, B represents Arrhenius constant, R is the 
gas constant, and T refers to temperature. 

Arrhenius plot of ln(CR) vs. 1/T presented in Fig. 
5 displays the straight-line graphics. The Ea 
value was derived from the slope equal to –Ea/R. 
The findings presented in Table 4 indicate that 
the Ea values obtained in the inhibited medium 
are higher than in the blank medium. This 
resulted in a decrease in CR of AA6061 due to 
the adsorption of Gth. The observed rise in Ea 
value correlates with an increase in Gth 
concentration suggesting the physisorption of 
Gth [9]. The activation parameters (∆Ha and ∆Sa) 
for the deterioration of AA6061 are computed 
from the transition state relation [26], which is 
represented as, 

)exp()exp(
RT

H

R

S

Nh

RT
CR aa 




  (6) 

In the above relation, h represents Planks 
constant, N refers to Avogadro’s number. 
 

 
Fig. 5. Arrhenius plot for AA6061 in 0.5M HCl without 
and with Gth.     

 

 
Fig. 6. Plot of ln(CR/T) vs. 1/T for AA6061 in 0.5M 
HCl without and with Gth. 

 
The graph of ln(CR/T) vs. 1/T for AA6061 in 0.5 
M HCl without and with the presence of Gth gave 
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straight lines (Fig. 6). The ∆Ha values are 
obtained from the slope equal to -∆Ha/R while 
∆Sa values from the intercept equal to [ln(R/Nh) 
+∆Sa/R]. The positive value of ∆Ha indicates 
(Table 4) that the inhibition reaction is an 
endothermic process. The ∆Ha values obtained 
are almost equal to the corresponding Ea values 
for the deterioration of alloy, which indicates the 
possible physisorption of Gth. The large negative 
values of ∆Sa reveals that the inhibition proceeds 
with an increase in ordering [27].  
 

Table 4. Activation results for AA6061 in 0.5 M HCl 
without and with Gth. 

[Gth] 

(mM) 

Ea 

(kJmol
-1

) 

∆Ha 

(kJmol
-1

) 

∆Sa 

(Jmol
-1

K
-1

) 

0 43.83 41.09 -77.55 

  0.06 45.59 40.72 -89.02 

 0.08 44.79 42.12 -85.37 

0.3 53.04 48.05 -67.84 

0.5 53.90 49.21 -65.45 

0.7 49.09 46.36 -75.80 

 

3.4 Adsorption behaviour of Gth 
 

The type of interactions between the inhibitor 
molecule and the alloy can be best studied by 
applying the findings to different models of 
adsorption, namely Langmuir, Temkin Frumkin, 
and Freundlich. The type of adsorption model 
followed becomes important in understanding 
the potential mechanism for inhibition. The best 
fittings of the data were obtained with the 
Langmuir isotherm model according to the 
relationship [28]:   

inh

ads

inh C
K

C


1


                        (7) 

Where Cinh = [Gth], whereas Kads refers to the 
equilibrium constant for adsorption. 
 

 
Fig. 7. Langmuir isotherm model for the adsorption 
of Gth on AA6061 in 0.5M HCl. 

The graph, Cinh/θ vs. Cinh, gave straight lines 
(Fig. 7) with both the slopes and linear 
coefficient values (R2) almost equal to one 
(Table 5), which implies that adsorption of Gth 
follows the Langmuir isotherm model [29-31]. 
The Kads value is computed from the intercept, 
which is equal to 1/Kads.  
 

The equilibrium constant (Kads) is related to the 
standard free energy change (ΔG°ads) for 
adsorption as per the equation: [32] 

)exp(
5.55

1 0

RT

G
K

ads

ads


   (8) 

In the above relation, R refers to gas constant 
and the concentration of water is 55.5 mol L-1. 
 
A straight-line graph is obtained by plotting 
ΔG°ads vs. T (Fig. 8). The standard value of the 
entropy change (ΔS°ads) is given by the slope and 
the enthalpy change (ΔH°ads) is obtained by the 
point of intercept according to the relationship: 

adsadsads STHG 000      (9)                                                                                      

The values obtained for ΔG°ads, ΔS°ads and ΔH°ads 
are recorded in Table 5. 
 
Table 5. Thermodynamic results for the adsorption 
behaviour of Gth. 

T 
( K) 

Kads                    
(103 M-1) 

Slope R2 
ΔGoads 

(kJ mol-1) 

ΔHo
ads 

(kJ 
mol-1) 

ΔSo
ads 

(Jmol-1 

K-1) 

303 71.50 1.14 0.9999 -38.27 

-14.06 -80.07 313 65.20 1.15 0.9998 -39.29 

323 50.40 1.22 0.9992 -39.86 

 

 
Fig. 8. Plot of ΔG°ads vs. T for the adsorption of Gth on 
AA6061 in 0.5 M HCl. 

 
Large values of Kads, as well as a negative sign of 
ΔGoads, indicate that inhibitor film formed on 
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AA6061 is reasonably stable. Generally, ΔGoads  
values around -20 kJmol-1 or more positive mean 
physisorption, while that around -40 kJmol-1 or 
more negative mean chemisorption of inhibitor 
molecules [33, 34]. The ΔG o

ads values obtained for 
Gth are between -20 and -40 kJmol-1, suggesting 
the mixed adsorption of Gth on AA6061. The 
negative value of ΔHoads indicates the exothermic 
character of the adsorption process. This indicates 
the possible reduction in IE of Gth with an increase 
in temperature (Table 3) which also supports its 
mixed adsorption activity mainly by physisorption.       
According to the literature, the ΔHoads value for 
physisorption is lower than – 41.86 kJmol-1, 
whereas it is -100 kJmol-1 for chemisorption [35]. 
The obtained value of ΔHo

ads (Table 5) in the 
present case is -14.06 kJmol-1. It shows the 
physisorption of Gth on the surface of the alloy. 
The high negative value of ΔSoads shows that 
inhibition results in a decrease in disorder [35]. 
 
3.5 SEM Analysis 
 
The SEM image of freshly abraded AA6061 
specimen (Fig. 9a) depicts a smooth surface 
texture with few scratches that may be formed 
during polishing. Fig. 9b represents the SEM image 
of the corroded alloy specimen with a completely 
damaged surface containing more pits/cracks 
created by the corrosive action of the acid medium. 
The rough surface with pits and cracks indicate the 
micro galvanic corrosion of the alloy sample. 
However, in the presence of Gth, the extent of 
damage to the alloy surface is significantly reduced 
with lower pits on the surface (Fig. 9c). This 
improvement in surface morphology is due to the 
formation of a protective film of Gth on the alloy 
surface that is responsible for inhibition. 
  

 
   (a) 

 
   (b) 

 
   (c) 

Fig. 9. SEM images of AA6061 specimen (a) freshly 
abraded, immersed in 0.5 M HCl (b) without and (c) 
with 0.7 mM Gth for 12 h. 

 
3.6 AFM Analysis 
 
Three-dimensional AFM images of AA6061 
specimens - fresh abraded, immersed in 
0.5MHCl without and with 0.7mM Gth are 
recorded as shown in Figs. 10a-10c respectively. 
The measured values of average surface 
roughness (Ra) and root mean square roughness 
(Rq) of the corroded and inhibited specimen are 
shown in Table 6. It is clear that the measured Ra 
and Rq values of the inhibited alloy specimen are 
drastically reduced compared to that for an 
uninhibited sample but almost closer to that for 
the fresh specimen. The possible adsorption of 
Gth is clearly indicated by a drastic decrease in 
the surface roughness values in the case of the 
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inhibited specimen compared to the corroded 
specimen. This controls the deterioration of 
AA6051 in HCl media.  
 
Table 6. The surface roughness results for AA6061 
specimens. 

Samples 
Ra  

(nm) 

Rq  

(nm) 

AA6061    27.5    41.0 

AA6061 in 0.5M HCl 1073.0 1366.0 

AA6061 in (0.5M HCl +  0.7 mM Gth)     51.4    69.1 

 

 
   (a) 

 
   (b) 

(c) 

Fig. 10. Atomic force micrographs of AA6061 
specimens (a) freshly abraded, immersed in   0.5M 
HCl, (b) without and (c) with 0.7mM Gth for 12h. 

3.7 Corrosion of AA6061 and its inhibition 
mechanism 

 

According to the literature [36], the deterioration 
of Al in the hydrochloric acid medium follows a 
general mechanism. On this basis, the anodic 
reaction involves the following steps:                                      

)10(  adsAlClClAl  

     
)11(32

  eAlClClAlClads  

The reaction at cathode involves the evaluation 
of hydrogen gas as per the following steps: 

)12(adsHeH    

)13(2HHH adsads   

On this basis, an effective inhibition mechanism 
for AA6061 corrosion in the HCl medium can be 
predicted. Organic inhibitors normally adsorb on 
the surface layer surrounding the alloy. The 
inhibition mechanism involved is regulated by 
factors such as the structure of the inhibitor and 
its molecular charge distribution, the nature of 
the metal and its surface charge.  Organic 
inhibitors can adsorb via physisorption, 
chemisorption or both. Electrostatic attraction of 
the charged inhibitor species (like protonated 
species) to the oppositely charged alloy surface 
will lead to physisorption. Whereas, 
chemisorption can occur by sharing of lone pair 
of electrons in hetero-atoms, and/or π-electrons 
of multiple bonds or aromatic ring in an inhibitor 
with empty metal atom d-orbitals [37,38]. 
 

The possible inhibition mechanism for inhibiting 
the deterioration of AA6061 by adsorption of 
Gth can be demonstrated as follows. Based on 
the values of ΔGoads (as explained in section 3.4 
Adsorption behaviour of Gth) it can be inferred 
that Gth follows a mixed adsorption process.  In 
an acidic environment, aluminium alloy surface 
can be positively charged because the pHzc value 
for aluminium (i.e., pH at zero charge potential) 
is 9.1 [39]. As a result, the chloride ions are first 
adsorbed by the electrostatic force of attraction 
at the alloy/HCl solution interface. Hence, the 
alloy surface can acquire a negative charge (Fig. 
11). Similar to amino acids and their derivatives, 
Gth can also be protonated in an acidic medium 
[8,12]. The protonation of Gth in the acidic 
medium may be represented as follows: 

  )14(
 

x

xHGthxHGth  
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Fig. 11. The physisorption of Gth. 
 

 

Fig. 12. The chemisorption of Gth. 

 
The protonated inhibitor, [Gth–HX]x+ can easily 
be attracted to the negatively charged alloy 
surface. As a result, the protonated inhibitor, 
[Gth–HX]x+ can electrostatically adsorb on the 
alloy surface leading to physisorption [32] as 
shown in Fig. 11. The chemisorption of Gth can 
arise as a result of the sharing of lone pair 
electrons on N, S, O atoms and π-electrons of 
carbonyl groups in Gth with the empty d-orbitals 
of aluminium leading to coordination bond [10] 
as depicted in Fig.12. 
 
 
4. CONCLUSION 
 
The following conclusions are drawn from 
electrochemical and surface morphological 
studies of inhibition behaviour of Glutathione 
reduced on AA6061 corrosion in 0.5M HCl. 

 Glutathione reduced has been shown to be a 
reasonably good eco-friendly inhibitor of 
AA6061 corrosion in 0.5M HCl. 

 Glutathione reduced showed mixed inhibitor 
behaviour and improved its protective power 

by increasing its additive concentration and 
lowering the temperature. 

 Inhibition accompanied by mixed adsorption 
and followed the Langmuir isotherm model. 

 Adsorption of Gth on the alloy was 
demonstrated by SEM and AFM tests. 

 Corrosion inhibition results obtained by 
weight loss and PDP method are very well 
matched. 
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