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Abstract- In the present investigation we have synthesized four  chalcones namely 3-(4-

chlorophenyl)-1-(2, 4-dihydroxyphenyl) prop-2-en-1-one (CHAL-1), 1-(2, 4-

dihydroxyphenyl)-3-p-tolylprop-2-en-1-one (CHAL-2) 1-(2, 4-dihydroxyphenyl)-3-(2-

hydroxyphenyl) prop-2-en-1-one (CHAL-3) and 1-(2, 4-dihydroxyphenyl)-3-(4-hydroxy-3-

methoxyphenyl) prop-2-en-1-one (CHAL-4) and premeditated their corrosion inhibition 

property on mild steel (MS) in 1M HCl using chemical and electrochemical methods. The 

scanning electron microscopic (SEM) study reveals the formation of protective film of 

chalcones on MS surface. Presence of elements on MS surface was also studied using high 
energy dispersive (EDX) technique. Potentiodynamic polarization study reveals that 

chalcones are of mixed type inhibitors. Weight –loss experiment also performed at different 
temperature in order to derive thermodynamic parameters and to explain mechanism of 

adsorption. 
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1. INTRODUCTION  

Corrosion is a process by which metal undergoes deterioration due to chemical interaction 

with their environment. Among the several methods of corrosion protection such as cathodic 

protection [1,2], anodic protection [3], coating [4] and alloying, the application of chemical 

inhibitors is often considered as the most effective economic and practical method of 

corrosion prevention. In efforts to mitigate electrochemical corrosion of MS, the main 

strategy is to isolate the MS from corrosive agents which can be achieved by using corrosion 

inhibitors which prevent the adsorption of the aggressive anions or by the formation of a 

more resistance oxide film on the metal surface.  

Chalcones are very important class of compounds in which two aromatic rings attach 

together by a highly reactive keto ethylenic group (-CO- CH= CH-) which serve as the 

central core for synthesis of large number of compounds. The relative ease of synthesis and 

high reactivity, make them suitable reagent for synthesis of various important organic 

molecules including epoxide, isoxazoles, quinolones, indoles, flavones etc. which exhibits 

various chemical and biological activities [5-10]. Due to presence of conjugated double 

bonds and highly delocalized pi- electrons on two aromatic rings chalcones posses the 

probabilities of electron transfer reactions [11]. In view of their chemical and biological 

applications, we have studied corrosion inhibition properties of four chalcones using 

chemical and electrochemical methods. Previously some work also reported, were the 

chalcones and their derivatives have been used as corrosion inhibitors in aggressive media 

[12-14]. SEM and EDX spectroscopic studied were also performed in order to examine the 

changes in surface morphology and presence elements on MS surface in absence and 

presence of chalcones. 

 

2. EXPERIMENTAL  

2.1. Materials and solution 

The MS having composition (wt.%) Fe 99.30%, C 0.076%, Si 0.026%, Mn 0.192%, P 

0.012%, Cr 0.050%, Ni 0.050%, Al 0.023%, and Cu 0.135%, was used for weight-loss, 

electrochemical, SEM and EDX analysis. The MS with exposed area 2.5×2.0×0.025 cm3 and 

1.0 cm
2 

was used for weight-loss and electrochemical measurements respectively. Before 

experiment performed MS surface was cleaned using emery paper of grid 600, 800, 1000 and 

1200 successively, washed with double distilled water and degreased with acetone. The 1M 

HCl solution was prepared by dilution of analytical grade HCl (AR-grade) purchase from 

MERCK (35%, specific gravity 1.16) in double distilled water. 
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2.2. Inhibitors synthesis  

The chalcones were synthesized by condensation of 2, 4-dihydroxiacetophenone with 

different aldehydes as describe earlier in literature [15] (Figure 1). All the chemicals required 

for chalcones synthesis were purchased from SIGMA ALDRICH Pvt. Ltl. (INDIA) and used 

without further purification. The microwave-assisted reactions were carried out in a MAS-II 

microwave oven (2450 MHz, Sineo Microwave Chemistry Technology Company, Shanghai, 

China) with a maximum power output of 1000W. This system is equipped with a power and 

temperature feedback control switch. The temperature is monitored by an infrared sensor. 

The melting points of compounds were determined in open capillaries and matched with 

literature.  

 

 

 

 

CHAL-1, R1= -H, R2= -H R3= -Cl                                              CHAL-2, R1= -H, R2= -H, R3= -CH3 

CHAL-3, R1=-H, R2=OH, R3=-H                                               CHAL-4, R1= -H, R2= -OCH3 R3= -OH 

 

 

Fig. 1. Synthetic pathway for chalcones 

 

The chalcones synthesized by microwave have several advantages over conventional 

chemical method such as simple procedure, fast reaction rate, mild reaction condition and 

improved yields. This synthesis also avoids the use of toxic chemicals (HCl and KOH). 

Multimode commercial microwave oven was employed for the synthesis of these compounds. 

The melting point was determined using in open capillaries method and matched with the 

values given in literature [15].  The purity of products was determined by Thin Layer 

chromatography (TLC) using 20: 80 ratio of ethyl acetate / hexane system. The chemical 

structure, IUPAC name, abbreviation and nature of substituents for synthesized chalcones are 

given in Table 1. 
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Table 1. Molecular structure, IUPAC name Nature of substituents and melting point of 

studied chalcones 

 

Melting point  Structure  

Inhibitors 

(Name, abbreviation and 

nature of substituents) 

  

   

    Mp:135-136 
0
C 

 
  

 

3-(4-chlorophenyl)-1-(2, 4-

dihydroxyphenyl) prop-2-

en-1-one, R1 = -H, R2=   -H, 

R3 = -Cl 

CHAL-1 

  

Mp: 126-127 
0
C 

  

1-(2, 4-dihydroxyphenyl)-3-

p-tolylprop-2-en-1-one, 

 R1 = -H, R2=   -H, R3 = -

CH3,  

CHAL-2 

  

Mp: 129 0C 

 
  

1-(2, 4-dihydroxyphenyl)-3-

(2-hydroxyphenyl) prop-2-

en-1-one 

R1 = -H, R2=   -OH, R3 = -H 

CHAL-3 

  

Mp: 98-100 
0
C 

 
  

1-(2, 4-dihydroxyphenyl)-3-

(4-hydroxy-3-

methoxyphenyl) prop-2-en-

1-one,  

R1 = -H, R2=   -OCH3, R3 = -

OH,  

CHAL-4 

  

 

 

 

O

O

OHHO OH
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2.3. Gravimetric measurements 

The weight-loss experiment was carried out for MS specimens in aerated 1M HCl for 

three hour immersion time. After elapse time MS specimens were taken out, washed with 

double distilled water, dried and weighted accurately. All the experiments were triply 

performed and mean value was taken. Corrosion rate (CR) for MS in 1M HCl was calculated 

using following equation: 

�� = ��.�×	

	�		                                                                                                                          (1)

  

where W is weight-loss of MS in mg after 3 h immersion time (t), A is area, D is density (g 

cm
-3

). From evaluated corrosion rate, surface coverage (θ) and inhibition efficiencies (η%) 

were calculated using following equations [16]: 

 

 = �����(�)
��

                                                                                                                             (2) 

�% = �����(�)
��

× 100                                                                                                               (3) 

                                  

!
�������

			

                                                      where CR and CR(i) are the corrosion rate values in absence and presence of different 

concentration of chalcones, respectively. 

  

2.4. Electrochemical measurements 

All the electrochemical experiments were performed on MS specimens having exposed 

area 1 cm
2
 using conventional three electrode assembly. In this assembly, high purity 

rectangular platinum foils with exposed area 1 cm2 as counter, saturated calomel electrode as 

reference and MS specimens as working electrodes were used. Gamry Potentiostat/ 

Galvanostat (modal G-300) version 5.0 with EIS software was used for all electrochemical 

measurements. Before starting the experiments, MS specimens were dipped for 30 min to 

establishment of steady state potential (Ecorr). 

The electrochemical impedance measurements were carried out under potentiodynamic 

condition using AC signal of 10 mV amplitude having frequency range 100000 Hz to 0.01 

Hz. The charge transfer resistance (Rct) in absence and presence of optimum concentration of 

chalcones were calculated from the diameter of Nyquist plot. From evaluated charge transfer 

resistance inhibition efficiency calculated using following equation [30]: 

 

�% = ���� �����

����
× 100                                                                                                                (4)                                                                                                

where Rct
0 and Rct

i are charge transfer resistance for MS in 1 M HCl in absence and presence 

of chalcones respectively. 
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The potentiodynamic nature of MS was studied in 1 M HCl in absence and presence of 

chalcones by recording the anodic and cathodic potential curves. Every potentiodynamic 

polarization study was performed by changing the electrode potential automatically from -

250 to +250 mV at open circuit potential (OCP) with scan rate of 1 mVs
-1

. The corrosion 

current densities (Icorr) were derived by extrapolating the linear segments of anodic and 

cathodic curves. Corrosion inhibition efficiency was calculated from evaluated corrosion 

current densities using following equation [16]: 

 

�% =  1 − "�#$$(�)
"�#$$

% × 100                                                                                                     (5) 

Where Icorr(i)  and Icorr are  corrosion current density without and with presence of 

chalcones, respectively.  

  

2.5. Surface characterization 

MS specimens having surface area 1.0×1.0×0.025 cm3 were immersed in 1 M HCl for 3 h 

immersion time in absence and presence of optimum concentration (200 ppm) of chalcones. 

After elapsed time the MS specimens were taken out, cleaned with distilled water, rinsed with 

acetone, dried and finally their surface morphology was examined using scanning electron 

microscopy (SEM) and presence of surface elements were also examined by energy 

dispersive X-ray spectroscopy (EDX) using Ziess Evo 50 XVP instrument.  

 

3. RESULTS AND DISCUSSION 

3.1. Gravimetric measurements  

3.1.1. Effect of chalcone concentration 

The variation of inhibition efficiencies with chalcones concentration is shown in figure 2 

(a) and weight loss parameters such as corrosion rate (CR), surface coverage (θ) and 

percentage inhibition efficiency (η%) derived from weight loss experiment is presented in 

Table 2.  

Inspection of the result obtained from weight loss experiments reveals that inhibition 

efficiency and surface coverage’s increases with concentration. From Table 2, it is also clear 

that CHAL-4 shows maximum inhibition efficiency of 96.8% at 200 ppm. The order of 

inhibition efficiency obtained by weight loss experiment follow the order:  

 

CHAL-4>CHAL- >CHAL-2>CHAL-1 
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                                           (a)                                                            (b) 

 

Fig. 2. (a).Variation of inhibition efficiency with concentration, (b).Variation of inhibition 

efficiency with temperature 

 

Table 2. Parameters obtained from gravimetric measurement for mild steel in 1 M HCl      

containing different concentrations of chalcones 

 

η%  Surface coverage 

(θ)  

Corrosion rate 

(mg cm
−2 

h
−1

)  

Inhibitor conc. 

(ppm)  

Inhibitor  

-----  -----  7.60  0.0/0.0  Blank  

59.52  0.5952  2.83  25  CHAL-1  

66.19  0.6619  2.36  50    

72.38  0.7238  1.93  100    

         81.420.8142  1.30  150    

90.41  0.9041  0.70  200    

65.29  0.6529  2.53  25  CHAL-2  

75.79  0.7579  1.76  50   

83.10  0.8310  1.23  100   

89.49  0.8949  0.76  150   

92.23  0.9223  0.56  200   

65.57  0.6757  2.36  25  CHAL-3 

78.53  0.7853  1.56  50   

85.84  0.8584  1.00  100   

91.32  0.9132  0.63  150   

94.06  0.9406  0.43  200   

70.77  0.7077  2.13  25  CHAL-4 

81.73  0.7077  1.33  50   

89.49  0.8949  0.76  100     

93.15  0.9315  0.50  150   

96.80  0.9680  0.23  200   
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3.1.2. Effect of temperature 

In order to investigate the effect of temperature, weight loss experiment were performed 

for 3 h immersion time in temperature range of 308–338 K. The variation of inhibition 

efficiencies with temperature is shown in Figure 2(b). From figure 2(b) it is observed that 

inhibition efficiencies decrease with increase in temperature. The corrosion rates were 

calculated at different temperature and given in Table 3. Study of the Table 3 reveals that 

corrosion rate increases with increase in temperature which may be due to weakening of 

adsorb chalcones film on MS surface [17]. 

 

 Table 3. Variation of corrosion rate with temperature of chalcones in 1 M HCl 

 

3.1.3. Adsorption isotherms 

The fundamental information about interaction between inhibitor and metal surface is 

derived from adsorption isotherms. The most commonly used isotherms are the Langmuir, 

Temkin, and Frumkin isotherms. Out of various isotherms the chalcones give a straight line 

between log (θ/1-θ) and log C (M) [Figure 3(a)] with regression coefficient nearly one, 

suggesting that adsorption of the chalcones on MS surface follows the Langmuir adsorption 

isotherms which can be represented by following equation: 

 
�(�&')

( = )
*(+,-)

+ �(/01)                                                                                                             (6) 

 

where Kads denotes the equilibrium constant for the adsorption process which depend upon 

the value of Gibbs free energy of adsorption (�Gads) by following relationship: 

 

∆�345
° = −789:(55.5<345)                                                                                                 

(7) 

Where, R is a constant, T is temperature and 55.5 is the concentration of water in mol L-1 

[18]. The value of ∆Gads and Kads were calculated and given in Table 4. From data listed into 

the Table 4, it is observed that the value of Kads is higher in presence of the chalcones as 

Temperature (K)                                           corrosion rate (CR) (mg cm
-2 

h
-1

) 

 

CHAL-4  CHAL-3  CHAL-2  CHAL-1  Blank    

0.23  0.43  0.56  0.70  7.60  308  

1.36  1.76  1.90  2.43  11.00  318  

2.76  3.23  3.63  4.23  14.33  328  

4.56  5.06  5.80  6.30  18.66  338  
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compare to in absence of chalcones. It is reported that higher value of Kads, associated with 

formation of strong and stable chalcones film on metal surface [19]. The negative value of 

∆Gads conversant that adsorption of chalcones on MS surface in 1 M HCl is a spontaneous 

process. Generally, ∆Gads values of -20 kJ mol
-1 

or less negative reflect electrostatic 

interaction between charged molecules and charged MS surface, physisorption; and the value 

of ∆Gads either -40 kJ mol
-1

 or more negative associated with charge sharing or transfer from 

the chalcones molecules to the metal surface to form a coordinate bond, chemisorption [20].  

 

 

 

 

                                                                           (a) 

 

 

                                       (b)                                                             (c) 

  

Fig. 3. (a) Curve fitting of Langmuir’s isotherm for adsorption of chalcones on mild steel 

surface in 1 M HCl, (b) Arrhenius plots for the corrosion rate (CR) of mild steel in 1M HCl in 

absence and presence of optimum concentration of chalcones                                                                                                            

(c) Transition-state plots for the corrosion rate (CR) of mild steel in 1 M HCl in absence and 

presence of optimum concentration of chalcones 
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In our present case, values of ∆Gads range from -32.66 to -36.21 kJ mol-1 suggesting that the 

interaction of chalcones on MS surface involve both the physical as well as chemical 

adsorption and thus investigated chalcones follow the mixed mode of adsorption. 

 

Table 4. The values of Kads and ∆G
◦
ads of chalcones for mild steel in 1 M HCl at different 

temperature 

 

Inhibitors                   Kads (10
4
 M

-1
)                                                       -∆Gads (k J mol

-1
) 

 308 318 328 338  308 318 328  338 

CHAL-1 11.32 4.22 2.86 2.31  34.19 32.70 32.66 33.07 

CHAL-2 14.25 5.75 3.53 2.66  34.78 33.51 33.46 33.24 

CHAL-3 19.00 6.27 4.12 3.22  35.52 33.74 33.66 33.58 

CHAL-4 23.10 9.26 05.57 4.27  36.21 34.41 33.39 33.78 

 

3.1.4. Thermodynamic activation parameters 

In order to derive some thermodynamical parameters, weight loss experiment also 

performed at different temperature in 1 M HCl for 3h immersion time in absence and 

presence of optimum concentration of chalcones. The activation energies for chalcones were 

calculated using Arrhenius equation [21-23]: 

 

�� = =	>?@  �A+�B %	                                                                                                                   (8) 

where Ea is apparent activation energy, R is gas constant and A is Arrhenius pre-exponential 

factors at temperature (T). Plot between log CR and 1/T (Arrhenius plot), give a straight line 

[Figure 3(b)] from the slop (-Ea/2.30R) of which activation energies were calculated and 

given in Table 5. Inspection of Table 5 reveals that activation energies in presence of 

chalcones are greater than in absence of chalcones indicating that all the chalcones exhibits 

low inhibition efficiency at higher temperature [24], which is accordance with the result 

obtained from weight loss experiments. 

The two other thermodynamic parameters namely ∆H* (enthalpy of activation) and ∆S* 

(entropy of activation) were also calculated using transition state equation [25]. 

�� = �B
C1 >?@  ∆D

∗

� % >?@  − ∆F∗

�B %                                                                                               (9) 
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where h is Plank’s constant, N is Avogadro’s number, ∆S*is the entropy of activation and 

∆H* is the enthalpy of activation. Figure 3 (c), represent the plot between log CR/T . 1/T 

(transition state plot) give a straight line, from the gradient (∆H*=−slope/2.303R) of which 

values of ∆H* and from intercept [log(R/Nh)+(∆S*/2.303R)] of which values of ∆S* were 

calculated and given Table 5. Study of Table5, reveals that ∆H* values for dissolution of MS 

in 1 M HCl in presence of chalcones are higher (68.37–84.38 kJ mol
-1

) than that in absence of 

chalcones (26.04 kJ mol-1). The positive and larger values of ∆H* shows that MS dissolution 

is an endothermic process [26]. Inspection of the Table 5, reveals that ∆S* value shifted 

toward more positive value suggesting that activated complex in the rate determining step 

represents dissociation rather than association, meaning that disordering increases on going 

from reactants to the activated complex [27]. 

 

Table 5. Activation parameters for mild steel dissolution in 1 M HCl in the absence and 

presence of optimum concentration of investigated chalcones  

 

Inhibitor Ea (kJ mol
−1

) ∆H* (kJ mol
−1

) ∆S*(JK
−1

mol
−1

)  

Blank  28.48  26.04 -148.9  

CHAL-1 78.81  50.95  -58.15  

CHAL-2 63.64  68.37  -6.55  

CHAL-3 75.7                      74.85 -11.69 

CHAL-4 78.04  84.38  -48.26 

 

3.2. Electrochemical measurements 

3.2.1. Electrochemical impedance spectroscopy 

The electrochemical impedance spectroscopy is a powerful, rapid and accurate non-

destructive method for evaluation of pitting and other forms of corrosion [28-32]. The EIS 

helps study of various interfacial phenomenon’s including interfacial reaction. Impedance 

parameters such as Rs, Rct, Cdl, n, (θ) and inhibition efficiency (η%) were derived from 

Nyquist plot [Figure 4(a)] and given in Table 6. In present investigation EIS measurements 

performed on MS specimens in 1 M HCl after 30 min immersion time in absence and 

presence of optimum concentration (200 ppm) of chalcones. Figure 4(b) depicts the Bode 

impedance magnitude and phase angle plots recorded for MS electrode immersed in 1 M HCl 

in the absence and presence of optimum concentration of chalcones at its open circuit 
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potential. The log |Z| values and phase angle fall to zero at high frequency. This is may be 

due to resistive behavior of MS electrode which corresponds to solution resistance existing 

between the references (SCE) and working electrode (MS) [33]. From Figure 4(b), it is 

shown that around intermediate frequency region, a linear relationship between log |Z| vs log f 

with a slope near −1 and the phase angle around −80° has been observed. The deviation from 

ideal capacitive behavior (slope value attained −1 and a phase angle value attained −90°) 

[34], is due to slowing of the rate of dissolution with time.  

 

 

 

                      (a)                                                        (b) 

 

   

                    (c) 

 

Fig. 4. (a) Nyquist plots for mild steel in 1M HCl in absence and presence of optimum 

concentration of chalcones, (b) Bode (log f  vs. log |Z|) and phase angle (log f  vs. α) plots of 

impendence spectra for mild steel in 1M HCl in absence and presence of optimum 

concentration of chalcones 

 

Nyquist plot show a depressed capacitive loop in high frequency (HF) range and inductive 

loop in the low frequency (LF) range. Formation of only one depressed semicircle in Nyquist 

plot allows to propose an equivalent circuit [Figure 4 (c) ], consist of two resistance one due 

to electrolyte or solution resistance (Rs) and other due to charge transfer reaction. The HF 
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capacitive loop in Nyquist plot reflect the charge transfer reaction and time constant of 

electrical double layer and surface inhomogeneity which is found in adsorption process [35]. 

Formation of LF inductive loop reflect the relaxation of adsorb chemical species such as Cl-

ads and H
+

ads on MS surface [36-38]. The values of electrical double layer capacitance (Cdl) 

were calculated using following relationship:  

�4G = )
HIƒKLM���

                                                                                                                       (10) 

where fmax is the frequency at the top of the depressed semicircle and it is also the 

frequency at which the real part (Zreal) is midway between the low and high frequency x-axis 

intercepts. Study of Table 6, reveals that Cdl values are comparatively lower in presence of 

chalcones. This decrease in values of Cdl attributed partially due to decrease in local dielectric 

constant and partially due to increase in thickness of electrical double layers. This finding 

suggests that all the chalcones retard the MS corrosion by adsorbing on metal solution 

interface [39].  

 

Table 6. Electrochemical parameters calculated form EIS measurements for mild steel 

electrode in 1 M HCl in absence and presence of optimum concentration chalcones    

 

η% θθθθ  Cdl  Y0  n  Rct  Rs  conc  Inhibitor  

         (µFcm
−2

) (µFcm
−2

)        (Ω cm
2
)   (Ω)  (ppm)    

 ------   -------  106.21  249.8  0.827  9.58  1.12  0.0  Blank  

94.09  0.9409  29.11  75.3  0.848  162.3  0.972  200  CHAL-1  

95.76  0.9576  28.97  70.4  0.864  226.4  0.876  200  CHAL-2  

96.40  0.9640  25.10  45.2  0.819  266.3  1.009  200  CHAL-3  

97.05  0.9705  42.94  92.76  0.870  325.7  0.825  200  CHAL-4 

 

3.2.2. Potentiodynamic polarization 

To evaluate the effect of chalcones on potentiodynamic nature of MS in 1M HCl, 

cathodic and anodic curves were plotted in absence and presence of optimum concentration 

of chalcones [Figure (5)]. Various potentiodynamic parameters such as corrosion current 

density (Icorr), corrosion potential (Ecorr), anodic (βa) and cathodic (βc) Tafel constant derived 

from Tafel plot and given in Table 7. The corrosion current density (Icorr) calculated by 

extrapolating the linear segment of the cathodic and anodic curves from which inhibition 

efficiencies calculated. Shift toward more negative corrosion potential related to the blocking 

of active centre present on MS surface in aggressive acidic media [40].  
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Fig. 5. Potentiodynamic polarization curves for mild steel in 1M HCl in absence and presence 

of optimum concentration of chalcones 

 

Previously it is reported [41,42] that if shift in Ecorr: 

(i) is > 85 mV with respect to potential of acid solution, the inhibitor can be classified as 

cathodic or anodic type and  

(ii) is <85 mV  with respect to potential of acid solution, the inhibitor can be classified as 

mixed type. 

 

Table 7. Tafel Polarization parameters for mild steel in 1 M HCl solution containing different 

concentrations of chalcones   

 

Tafel data        

Inhibitor Conc 

(ppm) 

Icorr 

(µA/cm2) 

Ecorr 

(mV/SCE) 

βa 

(mV/dec) 

βc 

(mV/dec) 

θ η% 

Blank 0.0 1150 -495 70.5 114.6 ----- ------ 

CHAL-1 200 98.57 -527 90.9 162.0 0.9142 91.42 

CHAL-2 200 87.60 -505 76.8 181.5 0.9238 92.38 

CHAL-3 200 74.60 -481 86.6 159.3 0.9351 93.51 

CHAL-4 200 49.74 -529 89.6 117.5 0.9567 95.67 
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In our present case maximum shift in Ecorr was 34 mV suggesting that investigated 

chalcones are mixed type inhibitors [43]. Moreover, from the Figure 5, it is clear that both the 

cathodic and anodic reactions are affected in presence of chalcones but cathode is more 

polarized than anode (βc>βa), suggesting that chalcones are predominantly suppressed the 

cathodic reaction (cathodic inhibitors). 

 

3.3. Surface analysis 

3.3.1. Scanning Electron Microscopy study  

The MS surface morphology in the presence of optimum concentration of chalcones is shown 

in Figure 6(a-e). 

 

 

 

 

 

Fig. 6. (a-e) SEM micrographs of mild steel surfaces, (a) un inhibited, 1 M HCl, (b) CHAL-1, 

(c) CHAL-2, (d) CHAL-3, (e) CHAL-4 
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Figure 6(a), which shows a badly damaged surface with cracks and pits due to rapid 

corrosion attack from which it can be concluded that MS surface was greatly damaged in 

absence of chalcones. Figure 6 (b−e), are MS morphologies in presence of optimum 

concentration of chalcones. The morphology of MS surface in presence of chalcones is 

relatively smooth and less corroded, which might be accredited to strong adsorption of the 

chalcones on metal surface and suppress the corrosion process. 

 

3.3.2. EDX Analysis 

The EDX spectroscopy was used to determine the elements present on MS surface in 

absence and presence of chalcones. The percentage atomic content of MS samples obtained 

from EDX analysis is listed in Table 8. From EDX micrographs [Figure 7(a)] of MS 

specimen in absence of chalcones the peak for O is absent.  

 

 

 

 

 

Fig. 7. (a-e) EDX spectra of mild steel specimens, (a) un inhibited 1 M HCl, (b) CHAL-1, (c) 

CHAL-2, (d) CHAL-3, (e) CHAL-4 
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However, in presence of chalcones [Figure 7(b−e)], the EDX spectra showed an 

additional line characteristic for the existence of O which is due to presence of protective film 

of chalcones on MS surface. 

 

Table 8. Percentage atomic contents of elements obtained from EDX spectra of mild steel in 

1 M HCl in presence and absence of chalcones 

 

3.4. Mechanism of Inhibition 

Adsorption of inhibitors is the first step in the corrosion inhibition of MS in hydrochloric 

acid medium [44]. In acidic solution MS posses the positive charged with respect to the 

potential of zero charge in hydrochloric acid solution [45]. In the adsorption phenomenon, 

formation donor-acceptor complex between pi-electrons of inhibitors and d-orbitals of 

surface metal atoms were postulated by a number of authors [46,47]. The chalcones may 

adsorb on the metal/acid solution interface by one or more of the following ways: (i) 

electrostatic interaction of protonated inhibitors with already adsorbed chloride ions i.e. 

physisorption, (ii) donor–acceptor interactions between the p-electrons of aromatic ring and 

vacant d-orbital of surface iron atoms (chemisorption) and (iii) interaction between unshared 

electron pairs of hetero- atoms and vacant d-orbital of surface iron atoms (retro- 

chemisorption) [48] as shown in figure 8. The protonated chalcones adsorb on cathodic site 

of MS and decrease the rate of H2 gas evolution. The adsorption of chalcones at anodic side 

of MS occurs via π-electrons of aromatic ring and lone pairs of heteroatoms (O) and thus 

decreased the rate of MS dissolution. From weight loss and electrochemical measurement it is 

observed that chalcones follows the following order of inhibition efficiency: 

 

   CHAL-4 > CHAL-3 > CHAL-2 > CHAL-1 

Inhibitor Fe C O Cl 

Blank  63.09 36.10 --- --- 

CHAL-1 65.75 24.18 3.56 6.45 

CHAL-2 66.37 24.98 8.36 ----- 

CHAL-3 64.56 23.38 11.51 ----- 

CHAL-4 63.25 23.72 13.33  ----- 
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Fig. 8. Pictorial presentation of various mode of bonding between chalcones and mild steel 

surface 

 

This order of efficiency is best explained in terms of the presence of substituents in the 

phenyl moiety. The lesser inhibition effect of CHAL-1 might be due to presence of a 

deactivating chloro (-Cl) group in its phenyl moiety. Whereas the highest inhibition 

efficiency of CHAL-4 is due to presence of two activating –OH and –OCH3 groups.  

 

4. CONCLUSION 

From weight loss and electrochemical investigation it is concluded that: 

1) All studied chalcones are good corrosion inhibitors for MS in 1 M HCl and their inhibition 

efficiency values follow the order: CHAL-4 > CHAL-3 > CHAL-2 > CHAL-1. 

2) The potentiodynamic studied reveals that all chalcones were mixed-type inhibitors.  

3) The adsorption of chalcones on MS surface obeys Langmuir adsorption isotherm.  

4) Surface morphology studied revealed the formation of a protective film of chalcones on 

MS surface 
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