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Abstract 

The effect of a new class of corrosion inhibitor, namely, Erdosteine drug on stainless steel 304L (304L SS) 

corrosion was investigated as potential corrosion inhibitor in 1 M HCl solution at 25°C.   Measurements were 

conducted utilizing “weight loss (WL), electrochemical impedance spectroscopy (EIS) and potentiodynamic 

polarization (PP)” tests. From all tests, one can observe that with increasing doses of Erdosteine drug the inhibition 

efficacy was increased at 25°C. The adsorption of this drug on SS304L surface follows Langmuir adsorption 

isotherm. The inhibition efficacy increases with increasing the dose of the Erdosteine drug and decreases with rise 

in temperature of the medium. This drug may form a film which acts as a barrier, to minimize the contact area 

between 304L SS surface and HCl solution. Electrochemical results showed that this drug is efficient inhibitor for 

SS304L and the efficacy reached to 90 % at 300 ppm. The PP data showed that this drug acts as mixed mode 

mechanism. From the EIS examination, we notice the decrease in the values of double layer by increasing the dose 

of Erdosteine drug, on the other hand, the charge transfer resistance is increased. Thermodynamic parameters of 

activation and adsorption processes were calculated and discussed. The sign of the free energy of adsorption 

showed spontaneous process of adsorption and the stability of the adsorbed film. The surface morphology of the 

SS304L samples was estimated utilizing “Atomic Force Microscopy (AFM), X-ray photoelectron spectroscopy 

and Fourier transform infrared spectroscopy (FTIR)”. Results gain for all tests used are in good agreement. To 

study the stability of Erdosteine and its interaction with solvent at different time intervals, different solvation 

thermodynamic parameters were determined from; density, refractive index and UV-spectra measurements. 
 
Keywords: SS304L, Corrosion inhibition, HCl, AFM, FTIR, Erdosteine drug, Solvation

Introduction 

Corrosion is a chemical or electrochemical attack 

that causes deterioration of engineered materials' 

physical, metallurgical, and mechanical properties. It's 

one of the 'hereditary diseases' of metals and their 

alloys, and it can be localized or uniform. SS 304L is 

the basic chromium-nickel stainless steel which has 

determined extensive programs in kind of industries 

due to its critical traits including versatility, durability 

and excessive mechanical and corrosion resistance [1]. 

The failure of SS resulting from pitting corrosion is a 

serious technological problem. Pitting corrosion 

occurs as a result of the breakdown of the oxide film 

in an aggressive acidic medium [2]. It is notable that 

corrosion never stops however its extension and 

seriousness can be brought down. However, corrosion 

control is a fundamental issue from an application 

standpoint, and it has been determined that inhibitors 

should have been used, which act as a barrier to reduce 

the environment's aggressiveness against corrosion 

[3–7]. Among the acid solutions, hydrochloric acid is 

one of the most widely used regular aggressive 

solutions [8–9]. To control the attack of acid on the 

base metal surface, the use of efficient inhibitors in 

hydrochloric acid is essential. The inhibitors used in 

such cases should be effective even under severe 

conditions in concentrated hydrochloric acid and 

temperatures ranging from 273 to 333 K [10]. 
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Heterocyclic compounds such as antibiotic 

(pharmaceutical drugs) can provide excellent 

inhibition. These molecules depends at most on certain 

physical properties of the inhibitor molecules such as 

functional groups, steric factors, electron density at the 

donor atom and electronic structure of the molecules 

[11[.  A few researchers have been remind the use of 

antibacterial drugs as corrosion inhibitors because of 

presence of oxygen, nitrogen and sulphur in their 

structures as active centres, high solubility in water, 

high molecular size, non-toxic and environmentally 

friendly corrosion inhibitors, important in biological 

reactions, also drugs can be easily produced and 

purified as a corrosion inhibitor for high carbon steel 

in hydrochloric acid solution such as: pantoprazole 

sodium [12], sulfa drug [13], clindamycin antibiotic 

[14], pyridine and its derivatives [15], Rhodanine [16], 

levofloxacin [17], cephalosporin [18], methionine 

[19]. In present years the use of drugs as corrosion 

inhibitors for different metals namely Cefatrexyl, 

Ciprofloxacin”, Norfloxacin, Ofloxacin drugs, Tacrine 

have paid attention on by some authors [20–22].  

Erdosteine is an antibiotic useful for help clear 

sputum in adults with chronic bronchitis [31]. The goal 

of this study is to analyse the corrosion behaviour of 

SS304L in 1M HCl at altered temperatures and doses 

by altered tests (chemical and electrochemical tests). 

The surface morphology of the SS304L specimens 

also analysed and discussed. 

2. Experimental techniques 

2.1. Materials 

The chemical composition of 304L SS (in weight 

%) seen in (Table 1). “For chemical 

measurements, 304L SS specimen with an 

exposed surface area of 2 x 2 x 0.2 cm was used 

and for electrochemical tests, the exposed surface 

area of metal was1 cm2. Prior to each experiment, 

the surface of 304LSS specimens was abraded 

with the finest grade emery papers to mirror finish, 

rinsed with acetone and finally washed with 

doubly distilled water”. 

 

 

 

Table 1. Chemical conformation (weight %) of the 304L SS 

Element C Si Mn Cr P N Ni Fe 

Weight (%) 0.03 0.75 2.0 18-20 0.045 0.1 8.00/12.0 the rest 

2.2. Inhibitor and chemicals 

The pharmaceutical compound has been examined 

named Erdosteine which purchased from 

Eipico company, Cairo, Egypt. The 

investigated pharmaceutical drug is used as 

received and chosen because: it is easily 

soluble in water, has high molecular 

weight, save corrosion inhibitor, contains 

donating atoms (N, O and S), and, important 

in biological reactions and easily available. All 

the solutions were prepared from AR 

grade chemicals using bi-distilled water. 

The aggressive solutions used were made 

from 37 % HCl, appropriate doses of acid were 

prepared using bi-distilled water. 1000 ppm stock 

solutions from the investigated drug were 

prepared by dissolving one gram /liter of the solid 

pharmaceutical drug in bi-distilled water; the 

other doses of pharmaceutical drug (50 – 300 

ppm) were prepared by dilution with bi-distilled 

water”. All the materials utilized were of AR 

grade and utilized as received. 

 

Inhibitor (drug) Sample Medium IE % References 

Pencillin G (15x10-4M) Mild steel H2SO4 90.0 [23] 

Penicillin V (15x10-4M) Mild steel H2SO4 63.3 [24] 

Cefalexin (11x10-4M) Mild steel HCl 67.5 [25] 

Ceftriaxone (400 ppm) Mild steel HCl 87.6 [26] 

Ketamine (300 ppm) 316 SS HCl 94.0 [27] 

Augmentine  (300 ppm) Carbon steel HCl 97.8 [28] 

Desloratadine drug (2000 ppm steel HCl 92.2 [29] 

amoxicillin (500 ppm) Sabic iron HCl 88.4 [30] 

https://en.wikipedia.org/wiki/Antibiotic
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Table 2 Molecular structure, formula and weight of investigated drug 

Inhibitor Structure Mol. Formula Mol. Weight 

Erdosteine 

 

 

 

C8H11NO4S2 

 

 

249.30 

 

2.3. Methods 

2.3.1. Chemical measurements  

A. Weight Loss (WL) Measurements  

Coupons of SS304L specimens of size 2 × 2 × 0.2 cm 

were weighed and immersed in 100 ml of the test 

solution in open beakers. “The beakers were placed 

into a water bath maintained at 25ºC. Each sample of 

SS304L was withdrawn from the test solution after 

every 30 min, washed and dried in air before 

reweighing. The difference in weight after each 

interval was taken as the WL. The experiment was 

repeated utilized by ASTM practice standard G-31 

Standard practice for laboratory immersion corrosion 

testing of metals, ASTM International, 2004). From 

the WL results, the inhibition efficacy (% IE) of the 

drug, degree of surface coverage (θ) and corrosion 

rate (kcorr) were determined using the following 

equations” [32,33]: 

% IE = Ɵ x 100 = [1- (W1/W2)] x 100         (1) 

kcorr = W/ At                (2) 

where “W1 and W2 are the WLs  for SS304L in the 

presence and absence of the drug, A is the area of 

the SS304L coupon (cm2), t is the time of 

immersion (min) and W is the WL (mg cm-2)” of 

SS304L after time t (min). 

2.3.2. Electrochemical measurements 

A three electrode electrochemical cell was used. “The 

working electrode was SS304L of surface area of 1 

cm2. Before each experiment, the electrode was 

abraded using emery papers as before. After this, the 

electrode was cleaned ultrasonically with ethyl 

alcohol and washed by bi-distilled water. All 

potentials were given with reference to the saturated 

calomel electrode (SCE). The counter electrode was 

a platinum plate of surface area of 1 cm2. The working 

electrode was immersed in the test solution for 30 min 

until a steady state open circuit potential (Eocp) was 

obtained. The polarization curves were recorded by 

polarization from -0.6 V to 0.2 V under 

potentiodynamic conditions corresponding to 1mV/s 

(sweep rate) and under air atmosphere [34-36]. All 

measurements were carried out with SS304L 

electrode in 1M HCl in the absence and presence of 

different doses of the investigated drug at 25°C. All 

experiments were carried out at 25°C. The %IE and 

(θ) were calculated from the following equation: 

% IE = Ɵ x 100 = [1- (icorr(inh)/ icorr(free) ]x 100   (3) 

Where “icorr(free) and icorr(inh) are the corrosion current 

densities in the absence and presence of inhibitor”, 

respectively.  

“Electrochemical impedance spectroscopy 

measurements were performed using the same cell 

that used in PP experiments .The EIS carried out over 

a frequency range of 1 Hz to 100 kHz, with a signal 

amplitude perturbation of 10 mV. The (% IE) and (θ) 

of the investigated drug obtained was calculated from 

the following equation”: 

% IE = Ɵ x 100 = [1- (R°ct/ Rct] x 100             (4) 

Where Rºct and Rct are the charge transfer resistance 

values in the absence and attendance of the inhibitor, 

correspondingly. 

All electrochemical measurements were carried out 

using “Potentiostat /Galvanostat / Zra analyser 

(Gamry PCI4-G750). A personal computer with 

DC105 software for PP, and EIS300 software for EIS 

and Echem Analyst v 5.21” was used for data fitting. 

 

2.3.3. Surface Examinations 

The specimens of SS304L used for surface 

morphology examination were immersed in “1M HCl 

in the absence (blank) and presence of 300 ppm of 

Erdosteine at 25°C for 1day. The analysis was 

performed using atomic force microscopy (AFM) by 

used on a Pico SPM2100 AFM device operating in 

contact mode in air at Nanotechnology Laboratory, 

Faculty of Engineering Mansoura University. IR 

Affinity (Perkin-Elmer) spectrophotometer was used 

for recording the FTIR spectra to determine the 

composition of the corrosion product formed on the 

SS304L surface. It can perform the surface 

characterization XPS by utilizing monochromatic X-

ray Al K-alpha radiation of (10-1350 eV) and spot 

size of 400 with full spectrum pass energy of (200 - 

50eV)”. 

2.5. Biological Effect 

Erdosteine was utilized for testing its ability to 

prohibit the growth of bacteria in cooling tower of 

ammonia at Talkha factory for fertilizers by 

implementing the spore suspension procedure. “By 

separating this bacteria and cultivate it in a plate over 

nutrient agar then after growth, taking numerous 

swaps from several collected colonies then multiply 

it in 1L measuring flask containing deionized water. 

Then left it for 1-3/2 hrs before cultivating again (with 

adding Erdosteine). Then left it for 1/2 - 1 hr then 
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taking 2 ml from this solution by syringe and pouring 

over agar solution in two cultivating plates; one 

without Erdosteine, the other containing the 300 ppm 

and waiting for maximum 2 days. The plates were 

incubate at 310K then counting colonies by UVP 

colony DOC”. It apparatus, the plates exhibited 

suitable resistance to the bacteria.  

2.6. Quantum chemical calculations 

To observe the correlation among the molecular 

structure and the reactivity of Erdosteine compound, 

theoretical calculations had been performed the use of 

DMol3 module installed in Materials Studio model 

7.0. 

2.7. Monte Carlo (MC) simulations 

 MC simulations were achieved using Materials 

Studio 7.0 “(Accelrys Inc., San Diego, “CA, USA) in 

a simulation box with periodic boundary conditions. 

A pure iron crystal was introduced and cleaved along 

the most stable (less energy) plane (1 1 0) 

constructing a 30 Å vacuum slab. The plane surface 

of Fe (1 1 0) has been relaxed by decreasing its 

energy; this step has been followed by extending the 

surface of Fe (1 1 0) to a super cell (10 / 10). The 

simulation analysis was performed in a test box 

containing the simulated corrosive species and one 

molecule of each inhibitor using the Monte Carlo 

quest and assigning the COMPASS force field known 

as a high-quality force field to combine parameters of 

inorganic and organic materials” 

 

3. Results and Discussion 

3.1. Chemical Measurements  

3.1.1 WL Measurements 

WL of SS304L was determined, at various time 

intervals, in the absence and attendance of altered 

doses of Erdosteine. “From the experimental data of 

the WL measurements, the % IE, was calculated from 

equation (1), All the experiments were performed at 

25-45oC. Values of corrosion rates (kcorr) and % IE of 

Erdosteine are summarized in (Tables 3). The value 

of % IE increases with increasing drug doses and 

decreases with rise in temperature. This behaviour 

can be attributed to the increase of the surface 

coverage and due to the adsorption of drug on the 

surface of SS304L. The optimum dose wanted to 

achieve an efficiency of 90% was found to be 300 

ppm. In all cases, the increase in the inhibitor dose 

was accompanied by a decrease in WL and an 

increase in the percentage inhibition. These results 

lead to the conclusion that the Erdosteine under 

investigation are fairly efficient as inhibitor for 

SS304L dissolution in HCl solution. The results 

confirmed the very good effect of Erdosteine drug on 

the corrosion inhibition of SS304L in 1M HCl 

solution as corrosive media. Fig. 1 shows the WL-

time curves for the corrosion of SS304L in 1M HCl 

solution in the absence and presence of Erdosteine 

drug at 25oC”.  

 

3.1.2 Effect of Temperature 

The effect of temperature on the corrosion parameters 

of SS304L with the addition of Erdosteine drug was 

studied using WL method. “A major advantage of this 

method is its relative simplicity and availability. The 

data of corrosion behaviour of SS304L in 1M HCl 

containing different doses of Erdosteine for 120 min in 

temperature range 25-45°C were presented in (Table 3).  

Inspection of this Table revealed that the kcorr of 

SS304L increases with increasing temperature. On the 

other hand, the %IE of Erdosteine decreased with 

raising temperature Fig. 2. This suggested possible 

desorption of some of the adsorbed drug molecules 

from the metal surface at higher temperatures. Such 

behaviour shows that the drug was physically adsorbed 

on the metal surface”. 

 

Arrhenius-type dependence is detected among kcorr 

and temperature often stated as: 

kcorr = A exp -E*
a/RT     (5) 

Where “E*
ais the apparent activation energy, R is the 

universal gas constant, T is the absolute temperature, 

and A is the frequency factor. Fig. 3 depicts Arrhenius 

plot log kcorr against the reciprocal of temperature 1/T 

for SS304L in 1M HCl solution in the absence and 

presence of different Erdosteine doses”. An 

alternative formulation of Arrhenius balanceEq. is 

[37]: 

kcorr = RT/Nh exp (ΔS*/R) exp (-ΔH*/RT)   (6) 

Where “h is the Planck’s constant and N is the 

Avogadro's number. 

Fig. 4 shows a plot of log kcorr/T as a function of 1/T 

for SS304L. Straight lines were obtained with a slope 

of- ΔH*/R and an intercept of ln R/Nh + ΔS*/R from 

which the values of ΔH* and ΔS* were calculated for 

the blank and Erdosteine. The values of the E*
a, H* 

and ΔS* were recorded in (Table 4). 

The increase in the E*
ais proportional to the drug 

dose, indicating that the energy barrier for corrosion 

process is also increased [38].  

The increase in the H* in presence of the drug means 

that the addition of the Erdosteine to the acid solution 

increases the height of the energy barrier of the 

corrosion reaction to an extent depends on the type 

and dose of the present Erdosteine.  
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The adsorption of the drug molecules on the metal 

surface leads to a lower number of hydrogen atoms 

adsorbed on it; this will cause a decrease in hydrogen 

evolution rate rather than the rate of metal dissolution, 

because of the blocking of the surface of the metal by 

the drug molecules”.  
 

Table 3 Corrosion rate (kcorr) and %IE data gotten from WL tests for SS304L in 1M HCl solution in the absence 

and attendance of altered doses of Erdosteine at 25°C 

Conc., 

ppm 

(kcorr), 

mg cm-1Min-1 
θ % IE 

Blank 0.051 ---- ---- 

50 0.010 0.804 80.4 

100 0.009 0.824 82.4 

150 0.0081 0.841 84.1 

200 0.007 0.863 86.3 

250 0.0062 0.878 87.8 

300 0.0047 0.908 90.8 
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Fig.1. Time-WL curves for the SS304L dissolution in 

1M HCl solution in the absence and attendance of 

altered doses of Erdosteine drug at 25oC 
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 Fig. 4. Log (kcorr/T) versus 1/T for SS304L in 

1M HCl as blank and with Erdosteine at altered 

temperatures 

3.1.3 Adsorption Isotherms 

Erdosteine drug adsorbed on the SS304L surface and 

the data of (θ) for change doses of drug in 1 M 

hydrochloric acid were determined from WL data 

utilizing the follows Eq. (1). “Ө values were increased 

with raising the Erdosteine doses. By utilizing these 

data and for applying altered adsorption isotherms, 

Langmuir adsorption isotherm was recognized to be 

the best explanation of the inhibitor adsorption 

behaviour on the surface of SS304L and the regression 
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constant (R2=0.99) reach to unity and to obey the next 

Eq.” [39]. 

C/θ = 1/Kads    + C                                         (7) 

Where, “C, Kads express on the dose and equilibrium 

constant of adsorption procedure, respectively. 

Drawing (C) vs. (C/Ө) of Erdosteine drug at change 

temperatures was presented in Fig. 5. The intercept 

equal to (1/Kasd) and slope similar the unity”, the 

adsorption constant give result to the ∆Go
ads by next:  

Kads = (1/55.5) exp (ΔGo
ads / RT)    (8) 

The ∆Go
ads data at all temperatures are documented in 

Table 5. The (∆Ho
ads.) was measure agreeing to the 

Van't Hoff eqn. 

log 𝑘𝑎𝑑𝑠  = (
−∆𝐻𝑎𝑑𝑠

°

2.303𝑅𝑇
)  + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡   (9) 

Plotting “(log Kads) vs. (1/T) give straight line as 

displayed in Fig. 6, the slope = (-∆Ho
ads /2.303R), from 

this slope; the ∆Ho
ads data was calculated and is 

recorded in Table 5”. Then by applying the next 

balance: 

∆Go
ads= ∆Ho

ads. - T∆So
ads.               (10) 

Table (5) shows the adsorption parameters for the 

obtained Erdosteine drug. “The data of the table 

confirmed the spontaneous adsorption of Erdosteine 

drug on the SS304L surface, through the negative 

data obtained G0
ads, whose negative value lowered 

with higher temperature, which confirms that the 

adsorbed layer is more stable at lower temperatures. 

The results gotten from free energy confirm that the 

type of adsorption incident is physical adsorption and 

not chemical as it is known that G0
ads values when 

they are less than -20 kJ / mol are physical adsorption. 

Where these results established that the adsorption is 

physisorption. The value of enthalpy is negative, 

which means that adsorption molecules of drug are 

exothermic. The exothermic process can refer to 

physical or chemical adsorption, but the value 

governs the kind of adsorption. ∆Ho
ads value less than 

40 kJ/mol refer to the physisorption process”. The 

∆So
ads values are positive due to the rise of disorder 

because desorption of water molecules from the 

surface of SS 304[40]. 

 

 

Table 4. Activation parameters of SS304L corrosion in the absence and attendance of various doses of 

Erdosteine in 1M HCl 

Activation parameters 

Conc.,ppm -ΔS* 

J mol-1K-1 

Δ H* 

kJ mol-1 

Ea
* 

kJ mol-1 

130.2 38.5 41.1 Blank 

72.9 58.8 61.3 50 

68.5 60.1 62.9 100 

66.5 61.1 63.8 150 

60.5 63.5 65.8 200 

55.8 64.8 67.4 250 

53.9 65.9 68.5 300 
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Fig. 5. Langmuir isotherm for Erdosteine adsorption 
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Fig. 6. (Log Kads) vs. (1/T) for the dissolution of 

SS304L in 1M HCl in the existence of Erdosteine 

drug at altered temperatures 
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Table 5. Parameters of Langmuir adsorption of Erdosteine on the SS304L surface at change temperatures 

Temp 

ºC 

- ΔGo
ads, 

kJ mol-1 

-ΔHºads 

kJ mol-1 

ΔSºads 

J mol-1 K-1 

25 19.2 

27.0 

73.1 

30 19.0 71.3 

35 18.9 69.7 

40 18.8 68.6 

45 18.5 66.4 

3.2. Electrochemical measurements 

3.2.1 PP Measurements 

The cathodic and anodic polarization curves for 

SS304L in 1 M HCl solution in uninhibited and 

inhibited solutions of Erdosteine at 25°C are shown 

in Fig.7. “The various electrochemical parameters 

calculated from Tafel plots are given in Table 6. It is 

clear that the investigated inhibitor promotes the 

retardation of anodic dissolution of SS304L and 

cathodic hydrogen discharge reactions .It is observed 

that the presence of Erdosteine on the SS304L, while 

the Ecorr and Tafel slopes experience no significant 

change in the inhibited solution compared to the 

uninhibited solution. The addition of Erdosteine 

caused no considerable shift in the Ecorr values, 

suggesting that the drug acts as a mixed-mode 

inhibitor [41-43].  The results show also that the slope 

of the anodic and the cathodic Tafel slope was slightly 

changed on increasing the dose of the investigated 

drug. This indicates that there is no change in the 

mechanism of inhibition in presence and absence of 

drug. The higher values of Tafel slope can be 

attributed to surface kinetic process rather the 

diffusion-controlled process” [44] 

 

Table 6. Effect of Erdosteine doses on corrosion parameters of 304L SS in 1M HCl at 25°C 

 

Conc, 

ppm 

icorr. 

μA cm -2 

-Ecorr. 

mV vs SCE 

βa 

mV dec-1 

βc 

mV dec-1 

kcorr 

mpy 
θ % IE 

0.0 1420 436 139 185 558 -- -- 

50 620 439 128 191 428 0.563 56.3 

100 432 443 140 188 266 0.696 69.6 

150 284 449 135 188 207 0.800 80.0 

200 250 450 140 187 185 0.824 82.4 

250 205 457 141 181 138 0.856 85.6 

300 154 461 138 183 111 0.892 89.2 

  

-1.0 -0.8 -0.6 -0.4 -0.2 0.0
1E-6

1E-5

1E-4

0.001

0.01

0.1

 Blank 

 50 ppm

 100 ppm

 150 ppm

 200 ppm

 250 ppm

 300 ppm

lo
g

 i
 ,

 m
A

 c
m

-2

E, mv (vs SCE)

Fig.7.Tafel polarization curves of 304L SS 

dissolution with and without altered doses of 

Erdosteine at 25ºC 

3.2.2 EIS Measurements 

Figure 8 shows the Nyquist plot for SS304L in 1M 

HCl in the absence and attendance of different doses 

of Erdosteine at 25°C. “This diagram has a semicircle 

appearance; it indicates that the corrosion of 

Erdosteine is mainly controlled by a charge transfer 

process. The Bode plot for the SS304L is shown in 

Fig. 9 where the high frequency limit corresponds to 

electrolyte resistance RΩ, while the low frequency 

limit represents the sum of (RΩ + Rp) where Rp is the 

first approximation determined by both the 

electrolytic conductance of the oxide film and 

polarization resistance of the dissolution and 

passivation process. Various impedance parameter 

such as charge transfer resistance (Rct), double layer 

capacitance (Cdl) and (% IE) were calculated and are 

given in (Table 7). The data obtained showed that the 

values of charge transfer resistance (Rct)  increase and 

the values of layer (Cdl) capacitance double decrease 

with increasing the dose of the drug which 

accompanied with increasing (% IE), due to the 

adsorption of this drug molecules on the electrode 

surface leading to a film formation on Erdosteine 

surface. The obtained Nyquist impedance diagram in 

most cases does not show perfect semicircle. This 

may be attributed to the frequency dispersion as a 

result of the heterogeneity of the electrode surface” 

[45-47].  
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Fig. 9. Bode curves for the dissolution of SS304L in 1M HCl in the absence and presence of altered doses of 

Erdosteine at 25oC and Equivalent circuit model utilized to fit the impedance spectra. 

 

Table 7. EIS data for dissolution SS304L in 1M HCl in the absence and presence of altered doses of Erdosteine at 

25ºC 

Conc, 

ppm 
Yo, 

µ Ω
-1

 s
n

 cm
-2

 x10
-6 

n 
Rp, 

Ω cm2 

Cdl, x106 

μFcm-2
 

θ % IE 

0.0 255 0.867 69 137 ---- ---- 

50 138 0.912 168 97 0.589 58.9 

100 122 0.866 294 73 0.765 76.5 

150 118 0.836 416 66 0.834 83.4 

200 111 0.818 564 60 0.878 87.8 

250 103 0.824 673 58 0.897 89.7 

300 88 0.838 740 52 0.907 90.7 

3.3 Surface Examinations: 

3.3.1 AFM analysis 

AFM tests supplies photos with atomic or near-

atomic-resolution surface topography which able to 

giving the surface roughness of coupons by the 

angstrom-scale. “Atomic force microscopy (AFM) is 

a very higher resolution type of scanning probe 

microscopy on the order of fractions of a nanometer, 

more than 1000 times better than the optical 

diffraction limit [48]. Fig.10a shows the three 

dimensional (3D) AFM morphologies for polished 

SS304L surface as standard sample,Fig.10b SS304L 

surface immersed in 1M HCl as blank sample and 

Fig.10c SS304L surface immersed in 1M HCl +300 

ppm of Erdosteine drug. The values Average 

roughness (Sa) nm show that the surface of the metal 
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is smoothed by the adsorbed surface layers of 

Erdosteine drug on the SS304L surface. It is clear that 

the lower roughness was detected on the free sample. 

The height and the roughness of the metal with 

Erdosteine is less compared with the height and the 

roughness of the blank sample”. As the roughness 

decrease this indicate that the inhibitor made highly 

percent of inhibition against corrosion. 

 

3.3.2 FTIR analysis 

FTIR spectroscopy presentations exciting 

capabilities such as excessive signal to noise ratio, 

excessive sensitivity and selectivity, accuracy, 

“mechanical simplicity, short analysis time and small 

amount of sample required for the analysis. Fig.11 

shows the FTIR spectra of the Erdosteine inhibitor. 

The finger print spectra of the stock drug and the 

SS304L surface after immersion in 1M HCl + 300 

ppm of Erdosteine for 6 hours was obtained and 

compared to each other it was obviously clear that the 

same finger print of drug stock solutions present on 

SS304L surface except the absence of some 

functional group and it suggested to be due to reaction 

with HCl. From Fig.11 there are small shift in the 

peaks at SS304L surface from the original peak of the 

stock drug solution, these shifts indicate that there is 

interaction between SS304L and inhibitor molecule”. 

3.3.3. XPS analysis 

X-ray photoelectron spectroscopy (XPS) 

examination was achieved to check the Erdosteine 

adsorbed studied on the surface of 304L SS and 

define the chemical nature of Erdosteine / SS304L 

interface and the results were discussed as below. 

“The high-resolution XPS survey gotten from 304L 

SS surface dissolution in 1.0 M hydrochloric in the 

attendance of Erdosteine is demonstrated in Fig. 12. 

All spectra found from XPS display the forms of 

complex, which were dispersed to the binding 

energies (BE, eV) and the conforming 

quantification (%) of each peak constituent are 

recorded in Table 8. The XPS gotten from 

dissolution of  SS304L in the attendance of the drug 

inhibitor studied, the XPS contains elements (Fe 2p, 

Cr2p, O 1s, Cl 2p, C 1s) in addition to N 1s core 

level as shown in Fig.12 [49]. All that approve the 

Erdosteine inhibitor adsorbed on the SS304L in acidic 

environment”. 

  

Free Blank 

 
Erdosteine inhibitor 

 

Fig. 10. AFM analysis on SS304L in attendance and absence of Erdosteine drug for 1 day's immersion 

 

https://www.nature.com/articles/srep33305#f8
https://www.nature.com/articles/srep33305#f8
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Fig. 12. XPS graphs of (a) XPS survey, (b) C1s scan, (c) Cl2p scan (d) O1s scan(e) N1s scan(f) Fe2p scan(g) Cr2p 

scan of SS304L after immersion in 1 M HCl+300ppm of Erdosteine inhibitor for 24 h. 

 

Table 8. Binding energies of surveys and its expected bonds. 

 

Core 

element 
BE, eV Assignments 

C1s 

286.87 
C-H, C-C, 

C-O, C+-O, C=O 
287.20 

285.54 

Cl2p 198.18 Cl 2p3/2 

O1s 536.42 2,  Fe(OH)3O2Fe 

N1s 405.87 Cu-Nx. 

Fe2p 

711.03 ,3O2Fe 

3FeOOH, FeCl 

 
716.22 

728.09 

Cr2p 
585.81 

3Cr(OH) 3,O2Cr 
574.12 

3.4. Biological effect  

Biological effect of acute toxicity tests was done for 

Erdosteine drug using Doc-it colony instrument. “The 

photos of bacteria colonies using the instrument, for 

blank and for Erdosteine were demonstrated in Fig.13. 

The number of bacteria colonies cultivated obtained 

using Doc-it colony instrument was shown in Table 9. 

The results of Table 9 show that the number of bacteria 

colonies for Erdosteine (150 colonies) was lesser than 

the blank (297 colonies), meaning that Erdosteine has 

a kindly impact in preventing multiplying bacteria, and 

so the CR decreased”. 

  
(a) photo by Doc-it instrument for blank (b) photo by Doc-it instrument for AE 

Fig. 13. Original photos of bacteria colonies by Doc-it colony for (a) blank and (b) Erdosteine. 
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Table 9. Number of bacteria colonies for blank and for 

Erdosteine as obtained using Doc-it colony counter 

instrument 

Sample No of bacteria colonies 

Blank 297 

Erdosteine 150 

 

3.5 Quantum Chemical Parameters          
The quantum chemistry, “according to the DMol3 

module established in Materials Studio version 7.0 

software was utilized for all calculations in the current 

research. The analysis of the density distributions 

optimized geometry, highest occupied molecular 

orbital (HOMO), and lowest unoccupied molecular 

orbital (LUMO) structures of the inhibitors are shown 

in Figure 14. HOMO and LUMO can determine the 

donation - acceptance capacity and the molecular 

reactivity of the Erdosteine drug. EHOMO denotes the 

ability of the molecule to donate electron, whereas 

ELUMO describes the ability of the molecule to accept 

electron. The dipolar moment (μ) is a measure of the 

polarity with the covalent bond. The energy band gap 

ΔEg (ΔE = EHOMO − ELUMO) that the lower energy gap 

value is considered to be high reactivity molecule and 

have a good corrosion inhibition efficiency onto the 

metal surface [50]. The (μ) calculated the polarity with 

the covalent bond between the compounds studied. It 

is accepted that the high μ values improve the 

adsorption tendency on metal surface of the 

compounds tested”. 

Molecular orbital 

 

Mullikan Charges 

 

HOMO 

 

LUMO 

 

Fig. 14. The frontier molecular orbital Erdosteine inhibitor (HOMO and LUMO). 
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Table 10. Parameter gotten from quantum for Erdosteine drug 

Parameters (Variable) DMol3 

(ev) HOMOE -5.29 

(ev) LUMOE -1.64 

)HE-L(E ∆E, (eV) 3.65 

µ (debye) (Dipole moment) 10.07 

3.9. Monte Carlo (MC) Simulation  

The side and top observations of the most suitable 

adsorption formations for the “Erdosteine drug tested 

on the SS304L surface obtained from the adsorption 

locator module are thus shown in Table 11. Adsorption 

energy is characterized as declining energy, when two 

materials are mixed during the adsorption process in 

which an electron, ion or molecule (adsorbent) is 

bound to the solid surface. As seen in Table 11, 

Erdosteine has higher energy for adsorption, which 

predicts the heavy adsorption of Erdosteine on the 

hardened surface of SS304L creating adsorbed stable 

layers which protecting the SS304L from corrosion”. 

 

Table 11.  Results and descriptors measured by the Monte Carlo simulation for adsorption of Erdosteine molecule 

on iron (1 1 0). 

 

Structures 

Total 

energy 

Adsorption 

energy 

Rigid 

adsorption 

energy 

Deformation 

energy 

Compound 

dEad/dNi 

H2O 

dEad/dNi 

Fe (1 1 0)/ Erdosteine 

/H2O 
-1350.709 -1343.883 -1395.503 51.61 -106.55 -0.397 

 

Side View 

 

Top View 

 
 

Fig. 15. The most appropriate conformation for adsorption of the Erdosteine molecule on  

Fe (1 1 0). 

3.4. Mechanism of Corrosion Inhibition 
The adsorption of drug molecules can be 

attributed to the existence of polar unit having atoms 

of nitrogen, sulphur, oxygen, and heterocyclic rings. 

“Therefore, the possible reaction centres are unshared 

electron pair of hetero-atoms and л-electrons of ring 

[51]. The adsorption and inhibition effect of drug 

molecules in 1M HCl solution can be explained as 

follows:  In aqueous acidic solutions, drug molecules 

exist either as neutral molecules or as protonated 

molecules and may adsorb on the metal/acid solution 

interface by one and/or more of the following ways: 

(i) electrostatic interaction of protonated molecules 

with already adsorbed chloride ions, (ii) interaction 

between unshared electron pairs of hetero-atoms and 

vacant d-orbital of iron surface atoms. The possible 

explanation of the inhibition is due to adsorption 

process which is considered as the key of the 
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mechanism of inhibition action. It might be proposed 

that the drug molecules adhere to the steel surface. 

The presence of a charged metal surface (304LSS in 

acid medium is positively charged and species with 

charge in the bulk of the solution are required for the 

physisorption technique to work (protonation of drug 

compound). Anionic acid (Cl-) species are first 

adsorbed on the steel surface, forming a negatively 

charged surface, and then the protonated species are 

adsorbed on it Fig. 16 [52]. 

 
Fig. 16. Mechanism of inhibition 

 

3.5. Solvation Properties of Erdosteine: 

Solvation process describes the interaction 

of solvent with molecules or ions of a solute. Ions, and 

to some cases, molecules, interact strongly with 

solvent, and the strength and nature of this interaction 

influences many properties of the solute, including 

solubility, reactivity, molal volume and colour. In the 

process of solvation, ions are surrounded by concentric 

shells of solvent. Solvation is the process of 

reorganizing solvent and solute molecules into 

solvation complexes. Solvation involves bond 

formation, hydrogen bonding, and van der Waals 

forces. Solvation of a solute by water is called 

hydration. Solvation can be studied in terms of density, 

UV-spectra and refractive index measurements. Many 

interactions in solutions were considered depending on 

the solvation process of the substances as reported 

earlier [53-54]. Also, density, refractive index and 

UV-spectra measurements of solutions are expected to 

shed some light on the solute-solvent interactions and 

configuration of their mixtures [55]. To study the 

stability of this compound and its interaction with 

solvent with time, different solvation thermodynamic 

parameters were done from; density, refractive index 

and UV-spectra measurements. 

3.5.1-Effect of Solvent on the UV-Visible Spectra of 

Erdosteine: 

The UV-Visible spectra of Erdosteine with 

concentration (1000 ppm) in ethanol-water mixed 

solvents at different time intervals were measured and 

represented in Figure (17, 18, and 19). The values of 

the absorbance and the wavelength of the Erdosteine 

are collected in Table 12. 

Table 12: UV-visible spectra of Erdosteine (1000 ppm) in ethanol-water mixed solvents at different time intervals 

at 298 K° 

EtOH% 

(Vol%) 

0 hr. 24 hr. 72 hr. 

peaks 
 

(nm) 
abs peaks 

 
(nm) 

abs peaks 
 

(nm) 
abs 

Zero% 
1 244 1.590 1 244 1.590 1 244 1.590 

2 279 1.191 2 279 1.191 2 279 1.191 

30% 
1 244 0.606 1 244 0.798 1 244 0.648 

2 281 0.104 2 282 0.206 2 281 0.204 

50% 
1 245 0.611 1 244 0.720 1 245 0.352 

2 282 0.1141 2 282 0.198 2 283 0.124 

70% 
1 243 0.0474 1 - - 1 243 0.158 

2 286 0.036 2 198 - 2 286 0.043 

90% 
1 241 0.383 1 240 0.322 1 241 0.076 

2 320 0.035 2 313 0.033 2 320 0.025 

https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Ion
https://en.wikipedia.org/wiki/Solution
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Fig. 17: UV-visible Spectra of Erdosteine in different mole fraction of ethanol-water mixed solvent (0, 30, 50, 

70, 90%, Vol %) after time 0 hr. 

 
Fig. 18: UV-visible Spectra of Erdosteine in different mole fraction of ethanol-water mixed solvent (0, 30, 50, 

70, 90%, Vol %) after time, 24 hr. 

 

 
Fig. 19: UV-visible Spectra of Erdosteine in different mole fraction of ethanol-water mixed solvent (0, 30, 50, 

70, 90%, Vol %) after time 72 hr. 

 

From Figures (17, 18, and 19) and Table 12, It was 

found that there are slightly shift in wavelength () as 

the time intervals and as the mole fraction of ethanol 

increased. On the other hand, it was found that the 

absorbance of Erdosteine decrease as the percentage of 

ethanol increase (Figure 20). This may be due to the 

distributions in the hydrogen bonding in solution, 

where hydrogen bonding breaking between ethanol-

ethanol molecules, and hydrogen bond forming 

between ethanol-Erdosteine  
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Fig. 20: Effect of ethanol percentage on the absorbance of UV-visible Spectra of Erdosteine 

  

3.5.2-Effect of time on the conductivity and pH: 

       In studying the effect of time on the solvation of 

Erdosteine in water solvent at 298˚K, from the 

measurements of the electrolytic conductivity and the 

pH at different time intervals, it was found that pH and 

conductivity decrease as the time and the ethanol % 

increase, as data in Table 13. The conductivity 

decrease as ethanol % increase may be as a result of 

low dielectric constant of ethanol than water. 

Table13: The effect of time (hr) and ethanol % on the conductivity(s/cm) and pH values of Erdosteine in ethanol-

water mixed solvents at 298 K0 

Time Ethanol Vol.% pH 
Conductivity, 

(s/cm) 

00:00 

zero% 7.44 188 

30 % 7.49 73 

50 % 7.45 33 

70 % 7.63 14 

90 % 9.67 5 

24:00 

zero% 7.50 180 

30 % 7.53 69 

50 % 7.57 32 

70 % 7.31 14 

90 % 8.82 4 

48:00 

zero% 6.42 175 

30 % 6.77 72 

50 % 6.81 33 

70 % 6.60 15 

90 % 7.80 4 

72:00 

zero% 5.35 170 

30 % 6.37 75 

50 % 6.06 34 

70 % 5.97 18 

90 % 6.83 5 

3.5.3- Refractive index, atomic polarization, molar 

refraction and   polarizability: 

The refractive index of a liquid can be 

measured with the help of an instrument called Abbe 

Refract meter. A thin film of the liquid is placed 

between the two prisms. Light from a sodium lamp is 

made to fall on lower side of the lower prism with the 

help of a mirror. The hypotenuse surface of the lower 

prism is ground and, therefore, light enters the liquid 
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A 

at all angles of incidence. However, no ray can enter 

the upper prism with greater angle of refraction than 

the grazing incidence (i.e., at an angle) slightly less 

than 90ºC. Thus the view in the telescope appears to 

be divided into two bands, one bright and one dark. 

The prism assembly is rotated with the help of a side 

knob till the cross wire of the telescope coincides 

with the edge of the bright band. A pointer attached to 

the prism assembly indicates the refractive index on the 

scale calibrated to read refractive indices directly. 

The refractive index measurements had been 

used to study the solvation of some substances in 

different solutions like solvation properties of Glycyl-

Glycine and Glycyl-L-leucine in aqueous acetate 

solutions which show that the interactions between 

ions of acetate salt and the charged end and/or peptide 

groups become stronger with increasing 

concentrations of the co solutes. A similar trend was 

found for diglycine in aqueous KCl, NaA and MgA 

[56]. 

The refractive indices and the solvent-solvent 

interaction processes depend on the nature of the 

solvent and on its physical properties such as the 

dielectric constant, the dipole moment and the donor 

number. The refractive indices can be obtained from 

the measured values of the refractive indices [57]. The 

refractive indices, of Erdosteine in ethanol-water 

mixed solvents at 298 K° are represented in Table 14. 

From the measured values of the refractive indices, 

the atomic polar, the molar refraction and the 

polarizability were calculated [58-59] and represented 

in Table 14. 

Also from the values of the measured refractive 

indices of Erdostine with different alcohol mole 

fractions, the molar refraction (Rm) can be calculated 

[60] 

 n2 -1 

Rm =  ________   Ø V = = PA+ PE = PD + PT   (11)     

  

 n2 + 2 

Where Vφ is the apparent molar volume of the 

surfactant in solution, n is the refractive index of the 

surfactant solution. The right-hand side of equation (1) 

is equal to the total molar polarization or the distortion 

polarization which equal to the summation of both the 

electron polarization (PE) and the atomic polarization 

(PA). The atomic polarization (PA) was calculated [61] 

from the following equation 

         PA  1.05 n
2                      

(12) 

The mean value of the molecular dipole 

 dipole moment induced by electric 

field) can be calculated from the optical refractive index 

(n) of a material containing N molecules per unit 

volume.  
     

Where nˆ= N / -V, N is the Avogadro’s number 

and (φV) is the apparent molar volume.  

Table 14: Refractive indices (nD), the atomic polar (PA), the molar refraction (Rm) and the polarizability (α) of 

Erdosteine in ethanol-water mixed solvents at 298 K° 

 

Mole fraction  

of ethanol (x1) by wt. 
nD PA 

Rm 

(cm3/mol) 
αx10-23 

(cm3) 

0.0000 1.364 1.9535 54.310 2.1534 

0.0331 1.365 1.9563 54.829 2.1740 

0.0715 1.364 1.9546 55.403 2.1967 

0.1166 1.363 1.9500 55.294 2.1925 

0.1704 1.362 1.9477 55.240 2.1903 

0.2355 1.359 1.9417 55.006 2.1810 

0.3161 1.355 1.9283 54.909 2.1772 

0.4182 1.350 1.9150 55.372 2.1955 

0.5520 1.346 1.9014 55.257 2.1910 

0.7349 1.345 1.8991 56.314 2.2329 

3.5.4- Density measurements and Molal Volume 

Calculations: 

The solvation process can be studied also using 

the density measurements and the molal volume 

calculations. The density of Erdosteine in ethanol-

water mixed solvents at 298 K° was measured 

experimentally and represented in Table 15. From the 

measured density, the solvated radius (r), the molal 

volume (VQ), the Wander Walls volume (Vw) and the 

electrostriction volume (Ve) of Erdosteine in ethanol-

water mixed solvents at 298 K° were calculated [62-

64] and represented in Table 15. 

From the molar concentration and the density 

values, the apparent molal volumes, Vφ of Erdosteine 
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in ethanol-water mixed solvents, at 298.15 K, were 

calculated using the following equation (13) 

𝑉𝜑 = M /ρ  - 1000/ m ( 1/ ρ° - 1/ ρ )                     (13) 

Where M is the molecular weight of Erdosteine, 

m is the molal concentration of Erdostine and in 

solution, ρ and ρₒ are the densities of solution and 

solvent, respectively. The calculated apparent molal 

volumes, Vφ of Erdosteine in ethanol-water mixed 

solvents at 298 K°, are given in Table 15. 

The packing density is the relation between the 

Van der Waals volume and the molal volume of 

relatively large molecules is found to be constant [65-

66]. Therefore, it is possible to calculate the Van der 

Waals volumes (Vw) of Erdosteine under study by 

apply the following equation (14). 

Packing density (P) =Vw / Vφ= 0.661           (14) 

The electrostriction volume (Ve) which is the 

volume compressed by the solvent [65-68], can be 

calculated using the following equation. 

Ve = Vw –Vφ             (15) 

The values of the solvated radius, Van Der 

Waal volume and the electrostriction volume are 

reported in Table 15. 

Inspection of the data in Table 15, we can note that, as 

the mole fraction of ethanol increase the density 

decrease and the volume increase, this may be related 

to the low density of pure ethanol than that of water. 

 

 

Table 15: The density (ρ), the solvated radius (r), the molal volume (VQ), the Wander Walls volume (Vw) and the 

electrostriction volume (Ve) of Erdosteine in ethanol-water mixed solvents at 298 K° 

 

Mole fraction  

of ethanol (x1)  

by wt. 

ρ 

g/cm3 

VQ 

(cm3/mol) 
r 

(cm) 
Vw 

(cm3/mol) 
Ve 

(cm3/mol) 

0.0000 1.232 243.655 3.875 161.056 -82.599 

0.0331 1.016 245.381 3.884 162.197 -83.184 

0.0715 1.004 248.314 3.899 164.135 -84.178 

0.1166 1.002 248.809 3.902 164.462 -84.346 

0.1704 1.001 249.055 3.903 164.625 -84.429 

0.2355 1.000 249.301 3.905 164.788 -84.513 

0.3161 0.990 251.817 3.918 166.451 -85.366 

0.4182 0.970 257.008 3.944 169.882 -87.126 

0.5520 0.960 259.684 3.958 171.651 -88.032 

0.7349 0.940 265.207 3.986 175.302 -89.905 

  4. Conclusions 

       The Erdosteine drug acts as good and efficient 

corrosion inhibitor for the corrosion of 304L SS in 

1M HCl solution. The IE decreases with rise of 

temperature, but increases with increasing the dose of 

the drug. The inhibition of 304L SS corrosion by 

Erdosteine can be attributed to the adsorption ability 

of drug molecules onto the reactive sites of the metal 

surface. The adsorption of the drug on 304L SS obeys 

Langmuir adsorption isotherm. Polarization data 

indicate that the drug acts as a mixed-type inhibitor. 

AFM reveals the formation of a smooth uniform 

surface on 304L SS in the presence of the drug that 

indicates the formation of a good protective layer on 

the metal surface. The results obtained from different 

measurements gave consistent results. 
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