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The corrosion protection of stainless steel 304 (SS 304) in molar HCl solutions utilized by some 

organic compounds has been investigated by (WR) weight reduction, (EFM) electrochemical 

frequency modulation, (EIS) electrochemical impedance spectroscopy, (PP) potentiodynamic 

polarization tests and (AFM) atomic force microscope. It was found that inhibition rise with improving 

inhibitor dose and break down with temperature rising. The adsorption of organic compounds on SS 

304 surface follows the Temkin's isotherm. PP experiments were performed at different solutions 

showed that these compounds act as mixed-kind inhibitors. Further, calculations of theoretical tests 

were occurred and correlations among experimental protection efficiency (% ω) and computed 

parameters were illustrated. 
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1. INTRODUCTION 

Stainless steel is corroded in acidic medium (HCl) [1, 2]. It is notable that corrosion never stops 

however its extension and seriousness can be brought down. But in fact it suffers from 

certain type of corrosion in some environments. The use of inhibitors is one of the most practical 

methods for protection against corrosion [3–5]. Organic assembled are usually utilized as corrosion 

protection to lessen the rate of corrosion in acidic media on stainless steel [6–9]. Protection 

effectiveness of organic assembled is ascribed for the most part to the nearness of a polar group going 

about as a adsorption active site. Adsorbed organic atoms avoid steel corrosion by hindering the site 
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active on the metal surfaces and the hindrance effectiveness (ω %) of an inhibitor relies on 

unequivocally on the chemical structure or the practical groups on the particle of inhibitor. A few 

works have concentrated the impact of organic assembled include nitrogen on the steel corrosion in 

acidic solution [10–21]. Several authors investigated the use of thiourea and thiourea derivatives as 

corrosion inhibitors in different media and in different metals [22-27]. Also, a number of authors 

studied the effect of glycine and its derivatives as corrosion inhibitors [28- 30]. 

The impact of this work was to discover the influence of inhibition and adsorption of various 

organic compounds containing O, N and S atoms in acidic medium on SS 304. Also, the temperature 

effect on the dissolution of SS 304 was investigated by WR, PP, EIS and EFM methods. Moreover, the 

relationship among parameters for quantum calculations and experimental protection efficiencies of 

the inhibitors was discussed. 

 

 

 

2. EXPERIMENTAL  

2.1. Materials preparation 

SS 304 sheets have chemical compositions (wt.%): < 0.03 C, 18.0 Cr, 8.0 Ni and the rest iron 

were utilized as working electrode for all studies.  

 

2.2. Chemical tests 

The coins utilized were cutting to be a rectangular (20 x 20 x 3 ml). The coins were scratched 

with emery papers up to grade 2000 grit size. After being abraded then had washing in acetone, dried 

by filter paper. The coins were immersed in double distilled water and wiped dry before putting them 

in the solution test. After the coins were dipped in 100 ml of 1 M HCl attendance and lack of various 

doses organic assembled at unlike temperatures (25-55 
o
C). After different rinsed time the coins of SS 

304 were obtain, washed with double distilled water and weighted after accurately dried. The ω % and 

Ө were measured from:  

ω % = 100 x  θ = 100 × [1- (W / W°)]                                                                             (1) 

Where W and W
°
 are mass reduction in the existence and nonexistence of assembled, 

continually.                                                                                                   

 

2.3. Electrochemical techniques 

PP researches were occurs at a rate of scan = 1 mV s
-1

. The potential of electrode was maintains 

until reach stabilization after 35 min till a potential constant was arrived, which is defined as the OCP. 

PP diagrams for SS 304 coins in the test solution attendance and without unlike doses of organic 

assembled were listed from -1000 to 1000 mV at OCP. Then utilized icorr was obtained from the ω 

calculation and (θ) as below:  

% ω = θ ×100= [1-(icorr/i°corr)] × 100                                                                             (2) 
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The EIS tests were done in the similar utilized for PP method given above. All EIS tests were 

occurs at OCP. The θ and PE given from EIS were measured by the following. 

(3) 

Where Rct and R°ct are the resistances in the existence and nonexistence of organic assembled, 

continually. 

EFM tests were take place by utilized 2 frequencies of 2 and 5 Hz. The intermodulation spectra 

include responses current assigned for harmonically and peaks intermodulation current. The higher 

peaks were utilized to measure CF-2 &CF-3the causality factors, icorr and βc and βa. 

All the electrochemical tests were given by utilized the electrochemical workstation 

(Instruments Gamry PCI4-G750). The cell include ((SCE) saturated calomel electrode, the platinum 

was utilized as auxiliary electrodes and the electrodes for working constitute SS 304 coins of one cm
2
 

area. 

 

2.4. Surface analysis by atomic force microscopy (AFM) 

In this analysis the sample surface was scanned by a fine tip to find out surface morphology 

and properties to generate a 3D surface image and determine surface roughness, using SPM 2100 AFM 

instrument operating in contact mode in air. The scan rate size of all the AFM images is 05 μm x 05 

μm areas at a scan speed of 6.68 μm second.  

 

2.5. Inhibitors 

The aggressive acid solutions were carried out by dissolving an analytical (37%) grade HCl 

with double distilled water. All chemical used were given from Aldrich chemical company. Table 1 

shows the molecular structures,  names, molecular formulas and molecular weights of the organic 

assembled, which had been written by A, B and C.  

 

Table 1. The structures, names, molecular weights and molecular formulas of investigated compounds 

 

Mol.Wts 
Mol. Formulas 

 

molecular 

molecular 

weight 

&Weight 

Names Structures Comp 

 

371.43 

C17H12N3O3S2 

4-(3-phenyl-2-thioxo-

2,3-dihydrothiazole-5-

carboxamido)benzoic 

acid 

  

(A) 
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337.13 

 

C17H15N5O3 

4-(3-amino-5-

(phenylamino)-1H-

pyrazole-4-

carboxamido)benzoic 

acid 

  

    (B) 

 

308.38 

C13H12N2O3S2 

4-(2-cyano-3,3-

bis(methylthio)acrylamid

o)benzoic acid 

 

(C) 

 

 

3. RESULTS AND DISCUSSION 

3.1. Chemical techniques 

3.1.1. Weight reduction (WR) tests 

Table 2. CR in and ω value given from WR method for SS 304 in HCl in the nonexistence and 

existence of various doses of inhibitors at 25°C 

 

Inhibitor concentration, 

 μM 

(A)  (B) (C) 

% ω % ω % ω 

1 30.0 19.7 15.4 

5 50.6 30.4 21.8 

10 56.4 44.9 30.8 

15 65.1 54.1 39.7 

20 78.2 65.4 56.7 

25 91.0 76.2 66.2 

                   

WR tests for SS 304 were given in one M HCl in the nonexistence and existence of unlike 

doses of inhibitor up to 3 h at room temperature. The outcome data at various inhibitor doses are 

summarized in Table 1. Maximum doses of the inhibitor led to a break down in the data of the rate of 

corrosion, while the protection and the surface coverage rose. All the tests were obtained in the 

solutions naturally-aerated at either 25 ºC or 55 ºC utilized a condenser (thermostat-cooling) for the 

control of temperature. The coins were weighed after and before inundation, and mass reductions were 

measured. Values of % ω are recorded in Table 2. The data of protection efficiency improve with 

improving dose of inhibitor. This habit could be ascribed to the rise of the surface area coated by the 

molecules adsorbed organic assembled with the rise of its dose.  At the same dose of inhibitors, the 

order of % ω was given as next: A > B > C.  
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Figure 1. WR-time plots for the corrosion of SS 304 in the nonexistence and existence of different 

doses of inhibitor (A) in 1 M HCl at 25˚C. 

 

3.1.2. Adsorption behavior 

The organic assembled adsorbed on the SS 304 surface is regarded as a adsorption substitution 

processes among the water adsorbed molecule on the SS 304 surface and organic composite in org(aq) 

aqueous phase [31,32]: 

n H2O(s) + Org(aq) = nH2O(aq) + Org(s)                                                                                                                                       (2) 

Where n = number of molecules water eliminating from the 304 SS surface for each molecule 

of adsorbed inhibitor. Swinkless and Bockris [33], give (n) is assumed to be individual of coating or 

electrode charge. Clearly, the data of (n) will rely on the area of organic molecule cross-sectional with 

relation to that molecule of water.  

In this section of the research, the data obtained of θ were fitted to different isotherms contain 

Frumkin, Langmuir, Flory-Huggins Temkin, Freundlich and Henry. The excellent fit was given by 

Temkin isotherm [34]. 

 

Table 3. Adsorption parameter for investigated inhibitors on 304 SS at various temperatures 

 

Temp. 

°C 

Kadsx10
-5 

M
-1

 

-ΔG°ads 

kJ mol
-1

 

-ΔH°ads 

kJ mol
-1

 

ΔS°ads 

J mol
-1

 K
-1

 

(A) 

25 5.14 49.3 

 

24.4 

 

79.6 

35 3.26 50.7 

45 2.75 51.4 

55 2.00 52.2 

(B) 
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25 2.71 47.3 

 

28.7 

 

62.0 

35 2.25 48.1 

45 1.4 49.2 

55 0.94 49.3 

(C) 

25 20.49 44.5 

 

30.4 

 

53.8 

35 1.41 44.8 

45 1.29 45.5 

55 0.84 46.2 

 

Plotting of log C against θ is show in Fig. 2 where relationships of line straight were given. The 

organic assembled adsorbed on 304 SS obeys perfectly adsorption Temkin. 

  θ =  2.303/a log Cinh +2.303/a log Kads    (3) 

Where Cinh = dose of inhibitor (M), (a) = factor draw the interaction molecular in the layer 

adsorbed and Kads (M
-1

) = equilibrium adsorption constant. The +ve data of (a) led to force attraction 

among the molecules adsorbed where the –ve data give forces repulsion among molecules adsorbed. 
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Figure 2. Temkin diagrams for SS 304 in existence and nonexistence of various doses of compound 

(A). 

 

The ΔG°ads was measured from the next equation [35]: 

ΔG°ads = - TR ln (55.5 K)       (4)    

R
2
=0.948 

R
2
=0.946 

R
2
=0.963 

R
2
=0.964 
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Where 55.5 = water dose in solution (mol l
-1

), R = constant universal gas and T = temperature 

absolute. By applying the equation ΔG°ads = ΔH°ads - T ΔS°ads   and draw T against ΔG°ads relationships 

linear with intercept =(ΔH°ads) and slope = (- ΔS°ads) were given. The outcome value was listed in 

Table 3. From Table 3 we can obtain that: 

 Data of Kads lower with the temperature improve from 25 to 55 °C due to desorption of 

organic assembled from the 304 SS surface by higher temperature. This led to that these assembled are 

physically adsorbed on surface of 304 SS. 

 The –ve sign of ΔGºads confirms the adsorption of inhibitors are spontaneous and 

strength of the thin film on the metal which lead to rise the disorder [36]. 

 The obtained ΔG°ads values were less negative than −40 kJ mol
-1

 led to the adsorption 

mechanism of the assembled components is chemisorptions as a result of the sharing or transfer of 

electrons from organic molecules to the 404 SS surface to form a bond coordinate [37] 

 The ΔH°ads –ve sign given that the exothermic adsorption process [38]. 

 ΔS°ads is +ve sign of arises from substitution process [39], which indicates the rise in 

the solvent entropy. Given rise in disorder due to the fact that desorbed water molecules from the SS 

surface by inhibitor molecules. 

 

3.1.3. Influence of temperature 

The corrosion rate of SS 304 in free acid and in the existence of various doses of inhibitors was 

done in the range of temperature of 25–55°C utilized WR tests. The same diagrams to Fig.1 were given 

for other compounds (not shown). As the improve temperature, the rate of corrosion rises and hence 

the % ω of the compounds decreased. Due to desorption is obtained by improving temperature. These 

data given that the inhibitors adsorbed on surface of SS 304 take place among physical adsorption. The 

Ea, ΔH
*
 and ΔS

*
 for the SS 304 corrosion in nonexistence and existence of different inhibitors doses 

were measured from Arrhenius equation [40]: 

k  =  A e 
(- Ea*/ RT)

                                                                                                                  (5) 

and equation transition [41]: 

k =TR/Nh e 
(ΔS*/R)

 e 
(-ΔH*/TR)

                                                                                                  (6) 

where T = temperature Kelvin, k = rate of corrosion, R = constant gas universal,  h = constant 

Planck's, A = factor pre-exponential and N = Avogadro's number.  

Arrhenius plots of logarithmic values of 1/T (Kelven
-1

) versus log k at dose constant of the 

organic assembled inhibitors, are given in Fig. 3 and 1/T vs. log (k/T), in Fig. 4 straight Lines with 

slope = - ΔH
*
/2.303R and- Ea

*
/2.303R, and intercepts = log R/Nh + ΔS

*
/2.303R and A for transition 

and Arrhenius equations, continually were given.  

The obtained data of thermodynamic activation parameters (∆G
*
, ∆H

*
, ∆S

*
) for the dissolution 

of 304 SS in nonexistence and existence of organic assembled at different temperatures are recorded in 

Table 4. It is clear that Ea
*
 and ∆H

*
 vary in the similar manner for all tested compounds. So, the rate of 

corrosion is mainly decided by kinetic parameters of activation [43]. Also it is noted that the Ea
*
 is 

maximum in the existence of the tested compounds studied than in their nonexistence. The same data 
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were given by other authors [44-46]. The Ea
*
 values are helpful to determine the kind of adsorption. 

The maximum Ea
*
 values in the presence of the investigated  compounds may be attributed to an 

appreciable lower in adsorption process of these investigated  compounds on the SS 304 surfaces with 

rise in temperature [47].  

3.00 3.05 3.10 3.15 3.20 3.25 3.30 3.35 3.40

-2.8

-2.6

-2.4

-2.2

-2.0

-1.8

-1.6

-1.4

-1.2

-1.0

-0.8

 Blank

 1 x 10
-6
 M

 5 x 10
-6
 M

 10 x 10
-6
 M

 15 x 10
-6
 M

 20 x 10
-6
 M

 25 x 10
-6
 M

lo
g

 K
c
o

rr
, 
m

g
 c

m
-2
 m

in
-1

(1/T) X 1000 K
-1

 
  Figure 3. Arrhenius diagrams for SS 304 corrosion in the existence and nonexistence of various 

doses of compound (A). 
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  Figure 4. Transition state for dissolution of SS 304 in existence and nonexistence of various doses of 

compound (A) 
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Table 4. Thermodynamic activation parameters for dissolution of SS 304 in existence and 

nonexistence of various doses of investigated assembled. 

 

Δ-  S
*
 

J mol
-1

 K
-1 

∆H
*
 

kJ mol
-1 

Ea
*
 

kJ mol
-1 

Conc. 

μM 

 

Inhibitor 

131.6 17.7 42.9 1.0 HCl Blank 

119.6 20.4 49.2 1 

A 

107.4 22.3 53.1 5
 

104.0 23.0 55.2 10
 

100.2 23.7 56.8 15
 

76.7 27.2 64.9 20
 

46.4 31.7 91.1 25 

125.8 62.7 61.9 1 

B 

115.7 63.4 64.0 5
 

112.6 64.0 68.6 10
 

109.9 65.4 69.1 15
 

102.3 66.0 69.3 20
 

84.1 67.8 70.5 

 

25 

126.2 61.8 61.5 1 

C 

124.3 62.3 63.0 5
 

121.6 63.4 66.4 10
 

120.1 65.10 66.80 15
 

101.2 65.60 67.80 20
 

100.7 

20 

66.40 68.70 25 

 

Also, the rise (Ea
*
) in presence of inhibiter compared to the blank given that the physically 

adsorption of the inhibitors on SS 304 surface while either unchanged or break down Ea
*
 in the 

presence of inhibitors suggest chemisorptions [48-49]. On second side, lower negative data of ∆S
*
 in 

the presence of the inhibitors, this means that presence of these assembled cause a lower in the 

disordering in direction from reactants to the complexes activated [50, 51]. The order of decreasing 

activation energy and thermodynamic parameters in the attendance of the organic assembled inhibitors 

agrees with the order of lowering IE% of these assembled. 

 

3.2. Electrochemical techniques 

3.2.1. PP tests 

The breakdown of cathodic and anodic current density in attendance of investigated assembled 

Fig. 5 with improving dose. Similar curves had given for other inhibitors (not shown). PP diagrams 

were measured by the PP tests and the outcome parameters for example (Rp), (βc, βa), (η %), (icorr), and 

(Ecorr) were measured and recorded in Table 5. The numerical data of the deviation of the (βa &  βc),  

icorr, Ecorr ,  θ and ηTafel (%) were measured from equation 7 & are listed in Table 5.  

ηTafel% =   [1- ( icorr / i
o
corr)] x 100      (7) 



Int. J. Electrochem. Sci., Vol. 12, 2017 

  

5081 

Where icorr and i
o
corr correspond to inhibit and non-inhibited corrosion current densities, 

respectively. 

(Ecorr) was given to change towards direction to more noble with the rise in the dose of 

inhibitor. The important of the 304 SS surface led to nature anodic of the investigated assembled. 

Cathodic Tafel slope (βc) was obtain to lower at maximum inhibitor dose Table 5. This can be 

correlated with the lower in the transfer cathodic coefficient, which clearly led to the effect of 

investigated assembled on the kinetics of evolution reaction hydrogen [52].  
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Figure 5. PP plots for the SS 304 corrosion of in nonexistence and existence of various doses of 

compound (A) 

 

Table 5. Influence of inhibitors doses on the parameters of electrochemical from PP method for the SS 

304 corrosion in HCl at 25˚C    

 

kcorr % η θ 
βa 

mV dec-1 

βc 

mV dec-1 

icorr 

mA cm-2 

-Ecorr,  

mVvs SCE 

Conc 

μ M 

 

Inh. 

424.8 ------- ------- 173.9 109.5 930.0 540.0 0.0 

H3PO4 

Blank 

307.7 53.6 0.536 121.0 99.2 673.0 517.0 1 

A 
190.6 56.3 0.563 103.8 104.2 417.0 437.0 5 

121.8 83.6 0.836 71.8 80.2 256.0 444.0 10 

72.7 88.3 0.883 78.5 82.7 159.0 442.0 15 

35.5 94.6 0.946 38.8 91.6 77.6 403.0 20 

376.5 11.4 0.114 136.5 93.2 824.0 376.5 1 

B 213.9 49.7 0.497 125.7 171.0 468.0 213.9 

 

5 

114.8 62.3 0.623 78.7 62.4 351.0 114.8 10 
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136.0 68.0 0.680 90.3 67.3 298.0 136.0 15 

62.9 85.2 0.852 64.7 99.4 138.0 62.9 20 

418.0 7.0 0.700 222.9 137.7 865.0 530.0 1 

C 

388.9 19.2 0.192 159.3 124.5 751.0 520.0 5 

263.0 38.1 0.381 136.1 98.4 576.0 530.0 10 

122.1 66.0 0.660 86.7 100.4 316.0 444.0 15 

55.1 76.2 0.762 58.3 45.8 221.0 530.0 20 

 

The anodic Tafel significantly slope improve with the rise in the dose of inhibitor Table 5 that 

might be ascribed to the exchanges in charge transfer coefficient  for the anodic corrosion of SS 

reaction because the existence of an energy barrier given by the adsorbed inhibitor molecules[53]. It 

could therefore note that the influence of inhibitor given both the reaction cathodic and anodic of the 

corrosion process, which means that, investigated assembled study as a mixed type inhibitor in the 

present case [54, 55]. icorr lowered with rise in the dose of inhibitor and became one order of magnitude 

break down at an investigated assembled dose of 20 μM. The ηTafel% was measured from the icorr in 

existence and non-inhibited of compounds utilized the equation as written elsewhere [56]. Investigated 

assembled were shown to have very excellent %IE in the acid medium of SS 304 in the experimental 

attendance of acidic solution Table 5. ηTafel % improved with rise in the dose of inhibitor. A corrosion 

protection efficiency of up to 94% was obtained with the utilized of investigated assembled at the dose 

of the 20 μM. 

 

3.2.2. EIS technique  

EIS provides more knowledge on both the capacitive and resistive habitat SS/solution interface 

and appropriate for in situ and non-destructively probing relaxation phenomena over a range frequency 

[57]. The EIS values were obtain as typical Nyquist diagrams. These are often utilized in the literature 

electrochemical due to they allow for an easy measurements of the EIS corrosion elements. The 

corrosion  of SS 304 in acidic solutions in nonexistence and existence of various doses of the 

investigated compounds utilized this method. Nyquist plots of various inhibitor doses (A) are draw in 

Fig. 6. All the plots from Fig. 6 appear to be the same with respect to their shape, but they vary 

significantly in their area. The spectra of the impedance include a Nyquist semicircle kind without 

appearance of diffusive contribution to the total impedance (Z) which led to that the dissolution goes 

mainly under charge-transfer control [58-60].  In the existence of inhibitors the diameter of the 

capacitive loops increases, this indicative of the extent of inhibition of corrosion process, contrary to 

the decrease of the capacity of double layer (Cdl) which is known from next equation [61]: 

Cdl = 1 / (2 π fmax Rct)                                                                                                            (8) 

The %IE obtained from the EIS measurements are calculated from the relation [62]: 

% η = [1 – (Rct / R`ct)] x100                                                                                                     (9) 

where R
o
ct and Rct are the resistance of the charge-transfer data in nonexistence and existence 

inhibitors, respectively. The diameter of the semicircle and also charge transfer of the corrosion 

process improve with rising dose of investigated inhibitors.  
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Figure 6. Nyquist curves for 304 SS in nonexistence and existence of various doses of assembled (A). 

 
 

Figure 7. Equivalent circuit utilized to EIS fitting data 

 

Table 6. EIS parameters for SS 304 corrosion in HCl include various doses of investigated inhibitors 

 

% η θ 
Rct, 

Ω cm
2 

Cdlx10
-3

, 

μF cm
-2 

Conc., 

μM 

 

Inhibitor 

---- ---- 29.27 462.9 1 M HCl blank 

48.4 0.484 57.5 269.1 1
 

A 

58.8 0.588 72.1 337.1 5 

74.1 0.741 114.8 157.0 10 

87.3 0.873 234.5 476.3 15 

96.8 0.968 936.4 804.5 20 

37.4 0.374 47.5 363.3 1
 

B 
45.6 0.456 54.7 334.4 5 
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59.8 0.598 73.9 245.5 10 

68.9 0.689 93.6 188.1 15 

86.1 0.861 213.9 136.0 20 

14.2 0.142 34.6 317.5 1
 

C 

30.0 0.300 42.5 317.4 5 

44.1 0.441 53.1 224.3 10 

55.3 0.553 63.7 338.0 15 

77.4 0.774 131.4 179.2 20 

 

Due to, the presence of inhibitor rise the adsorption over the surface of SS 304 and obtained 

data coating layer which may lower the electron transfer among the SS surface and the aggressive 

medium. On the other side, there is a break down in Cdl data along with rising in the dose of the 

organic assembled. Due to the displacement gradual molecules of water with those of the organic 

assembled on the surface of electrode leading to a lower in the active center and lower the process of 

corrosion [63]. The slowing down in the value of Cdl, may be ascribed to lower in the local dielectric 

constant and/or rise in the electrical double layer thickness. As a data, the higher Rct with lower Cdl at 

optimum dose is noted. The higher %IE = 96.8%. The achieved protection by these organic assembled 

lower in series: A > B > C   

The %IE obtained from WR, PP and EIS tests are in excellent agreement. 

 

3.2.3. EFM tests 
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  Figure 8. Spectra from EFM  for SS 304 in hydrochloric acid (blank). 
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Figure 9. Spectra from EFM  for SS 304 in hydrochloric acid in existance of 1x10

-6
 M from inhibitor 

(A) 
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Figure10.  Spectra form EFM  for SS304 in hydrochloric acid in existance of 5x10

-6
 M from inhibitor 

(A). 

 

EFM can undertake and quickly calculate the current corrosion data without prior information 

of Tafel slopes. These important of EFM tests make it real candidate for corrosion online calculation. 

The causality factors which attend as an internal examine on the exactitude of EFM calculation. The 

causality factors CF-2 and CF-3 are measure from the current of frequency spectrum. The EFM of SS 

304 in HCl solution contain (1, 5, 10, 15 and 20 µM) of organic assembled at 25°C are given in Fig. 

(8-14).  

The intermodulation band and harmonic are apparent visible and are much higher than the 

noise of background. EFM data were treated utilized two unlike models: perfect control diffusion of 

the cathodic reaction and the “activation” model. For second, a set of three non-linear equations had 

been occurs, assuming that the potential of corrosion does not exchange because the polarization of the 

electrode working [64-66].  
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Figure11. Spectra form EFM  for SS304 in hydrochloric acid in existance of 10x10

-6
 M from inhibitor 

(A) 
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Figure 12.  Spectra from EFM  for SS 304 in hydrochloric acid in existance of 15x10

-6
 M from 

inhibitor (A) 
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Figure13.  Spectra from EFM  for SS304 in hydrochloric acid in existance of 20x10

-6
 M from inhibitor 

(A) 
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Table 7. EFM parameters for SS 304 corrosion in HCl including various doses from investigated 

inhibitors  

 

% ηEFM 

 

 

Ɵ CF-3 CF-2 
βc , 

mV dec
-1

 

βa, 

mV dec
-1

 

icorr., 

μA cm
-2

  

Conc., 

μM 

 

Inhibitor 

------- ------- 2.58 1.78 117 140 595.5 1 M HCl Blank 

34.5 0.345 2.61 1.77 128 158 390.1 1 

A 
35.9 0.359 2.77 1.57 77 90 381.7 5

 

46.5 0.465 3.25 1.50 74 86 318.7 10
 

74.2 0.742 3.20 1.78 60 67 153.4 15 

89.9 0.899 2.78 1.84 94 138 60.41 20
 

30.9 0.309 2.72 1.81 116 148 411.8 1 

B 

34.5 0.345 2.94 1.58 89 103 390.5 5
 

42.7 0.427 2.85 1.53 76 90 341.3 10
 

70.9 0.709 2.77 1.88 72 94 173.1 15 

84.5 0.845 2.80 1.50 81 95 92.6 20
 

16.7 0.167 3.19 1.56 78 90 496.0 1 

C 
29.1 0.291 2.73 1.76 136 111 422.3 5

 

36.2 0.362 2.80 1.84 158 120 381.1 10
 

59.3 0.593 2.55 1.59 77 91 272.2 15 

69.9 0.699 2.53 1.90 81 95 179.4 20
 

 

The value in Table 7 give that, the appending of any one of tested composite at a given dose to 

the acidic medium brought down icorr, lead to these composite prevent the SS 304 corrosion in HCl by 

adsorption. The CF obtain under unlike tests are nearly equal to the theoretical data (2 and 3) lead to 

that the calculated data are perfect and of best quality.  %η improves by raising the inhibitor dose for 

304 SS measured from Eq. (7). The measured protection efficiency given from mass reduction, PP and 

EIS tests are in agreement with that given from EFM tests 

 

3.3. Atomic Force Microscopy (AFM) 

 
 

Figure 14.  AFM image  for SS 304 in 1 M HCl (blank) 
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AFM analysis is one of the major analyses for surface study, which could be used further 

investigation in the formation of film coating on the SS 304 surface [67, 68]. The AFM is used to 

given the topography image of SS 304 in presence and absence of optimum dose of inhibitor. As can 

be seen from Fig .15 there is much lower damage on the SS 304 surface with investigated inhibitor 

compared to SS 304 surface immersed in acidic medium solution without inhibitor in Fig .14. AFM 

parameters are summarized in the Table 8 

 

.  

 

Figure 15. Spectra from AFM  for SS 304 in existence of 25x10
-6

 M from inhibitor (A) 

 

Table 8. AFM parameters for SS 304 in HCl in existence and nonexistance of 25 µM of organic 

inhibitors 

 

Roughness  

Sqm (nm) 
Sample 

53.159 Polished SS 304  

247.690 SS 304 in 1 M HCl 

144.510 SS 304 in 1 M HCl + Inhibitor A 

180.890 SS 304 in 1 M HCl + Inhibitor B 

197.610 SS 304 in 1 M HCl + Inhibitor C 
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4. CORROSION PROTECTION MECHANISM 

Adsorption of organic compounds which is the essential mechanism of corrosion inhibition 

which can be explained by two basic kinds of interactions: chemisorptions and physisorption. Organic 

molecules may be adsorbed on the metal surface in four ways namely: (i) electrostatic interaction 

between the charged molecules and the charged metal, (ii) interaction of unshared electron pairs in the 

molecule with the metal, (iii) interaction of k-electrons with the metal, and (iv) donor-acceptor 

interactions between the π- electrons of aromatic ring and the metal atoms [69]. The adsorption organic 

derivatives can be attributed to the presence of polar unit having atoms of nitrogen, and oxygen and 

aromatic rings [70].Therefore, the possible reaction centers are unshared electron pair of hetero atoms 

and π-electrons of aromatic ring. It is well known that, the inhibitors have unoccupied orbitals, so 

exhibit a tendency to accept electrons from d-orbital of metal to form stable chelates which are 

considered as excellent inhibitor [71]. 

The order of lowering protection efficiency due to first inhibitor (A) has excellent protection 

efficiency due to: i) its higher molecular size (371.43) that may facilitate better adsorption on the SS 

304 surface and hence, it covers larger molecular area, ii) also it has 3-N, 3-O and 2-S atoms and 2 

benzene rings which serve as adsorption centers. Substance (B) comes after substance (A) in % η due 

to: i) it has lower molecular size (337.13) and ii) it has 5-N and 3-O atoms no S-atoms and 2 benzene 

rings (S > N > O in the basicity).  Inhibitor (C) is the least effective substance in protection efficiency 

due to: i) it has lesser molecular size (308.38) and ii) also it has 2-N, 3-O and 2-S atoms and one 

benzene ring. 

 

 

 

5. CONCLUSIONS 

The investigated inhibitors show good performance as corrosion protection in acidic solution. 

The protection efficiency of organic assembled follows the sequence: A > B > C.  PP research given 

that investigated assembled behave as mixed kind inhibitors for SS 304 in acidic medium. Impedance 

tests led to that Rct value raised, while break down Cdl data in the existence of the inhibitors. The 

adsorption of the organic compounds followed the Temkin adsorption isotherm which led to the 

protection process take place by adsorption. The % η given from WR, PP tests, EIS and EFM are in 

excellent agreement 
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