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Expired concor drug as potential nontoxic corrosion inhibitor 
for 304 stainless steel in hydrochloric acid solution 

ABSTRACT 

The effect of the expired concor drug as the corrosion inhibitor for stainless steel type 304 
(304SS) in 2M HCl solution has been investigated using electrochemical and non-electrochemical 
techniques. Some kinetic corrosion parameters were calculated. The inhibition efficiency (% I) 
increases with rising concentration of the drug and maximum efficiency (85.8 %) reached 300 
ppm. The polarization measurements indicated that the expired concor drug was of the mixed type 
and inhibits corrosion by adsorption on the surface of 304SS due to the presence of more than 
one active center in its molecule. The adsorption was obeyed Langmuir adsorption isotherm. The 
activation energy and thermodynamic parameters were also calculated and discussed. 
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1. INTRODUCTION 

Stainless steel type 304 has found wide 
application in a variety of industries. It is covered 
with a highly protective film of chromium oxy-
hydroxides; this makes it resistant to corrosion in 
many aggressive environments. The hydrochloric 
acid solution, however, readily attack 304SS. It is 
possible to reduce the corrosion rate to the safe 
level by adding inhibitors. Most of the well-known 
inhibitors investigated for corrosion of steel in 
acidic solution are heterocyclic compounds [1-7]. It 
is clear that the adsorption on the metal substrate 
is the initial step in inhibition. Generally, a stronger 
coordination bond causes higher inhibition 
efficiency (I%) [8]. Due to the toxicity of widely used 
corrosion inhibitors and the ever-tightening 
environmental regulations surrounding their use 
and disposal, there is great interest in replacing 
harmful inhibitors with effective nonhazardous 
alternatives. Over the past two decades, extensive 
research and development have led to the 
discovery of new classes of corrosion inhibitors, 
and the importance on the use of several drugs as 
corrosion inhibitors has grown [9]. 
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Recently, the use of antibiotics and other drugs 
have been investigated and their inhibition 
efficiencies have been linked to their heterocyclic 
nature [10]. Most of the heterocyclic drugs are 
environmentally friendly and can favorably compete 
with the natural products. In recent years, the use 
of pharmaceutical compounds offer interesting 
possibilities for corrosion inhibition due to the 
presence of heteroatoms like nitrogen, sulfur, 
oxygen and ˊ- bond in their structure and are of 
particular interest because of their safe use, high 
solubility in water and high molecular size. Some of 
the azosulpha and antimalarial drugs have been 
reported as good corrosion inhibitors [11,12]. There 
are great efforts to use drugs as corrosion 
inhibitors for steel [13-15], but the use of the 
expired drugs as corrosion inhibitors for steel is 
limited. Some antibacterial drugs have been used 
as corrosion inhibitors [16-18]. Cyclic voltammo-
gram was drawn before by some authors [19] on 
platinum in order to assess the stability of 
pharmaceutically active substances from drugs at 
the metal-corrosive environment interface 

The present review reports the new trends 
aimed at the recycling of expired drugs and using it 
as corrosion inhibitors for metals in different media. 
The expired concor drug was used as the corrosion 
inhibitor for 304SS in 2M HCl using different 
electrochemical and non-electrochemical methods  

Figure 1 shows the structure of the expired 
concor drug. This drug obtained from Sandozinc 
and Pfizer Inc companies, Egypt. 

mailto:asfouda@
http://www.idk.org.rs/journal


Abd El-Aziz S. Fouda et al. Expired concor drug as potential nontoxic corrosion inhibitor ... 

ZASTITA MATERIJALA 59 (2018) broj 2 227 

 

Concor Drug 

Molecular weight = 266.33, Molecular Formula = 
= C14H22N2O3 (RS)-1-{4-[(2-isopropoxyethoxy) 

methyl] phenoxy}-3-(isopropylamino) propan-2-ol 

Figure 1 Structure of the expired concor drug 

Slika 1 Struktura istroġenog leka 

2. EXPERIMENTAL METHOD 

The composition of the SS type 304 is as 
follows (weight %): C 0.08, Cr 18.0, Ni 8.0, S 0.03, 
Mn 2.0, Si 0.075, Fe balance. The 304SS strips of 
2x2x0.1 cm size were used for WL measurements. 
In electrochemical studies, a cylindrical rod 
embedded in Araldite with an exposed bottom 
surface area of 1cm2 was used. The electrode was 
abraded with different grades of emery papers, 
degreased with acetone and rinsed with bi-distilled 
water. WL measurements were carried out as 
described elsewhere [19]. The specimens are 
immersed in 100 ml test solution for the period of 3 
hrs electrochemical measurements were carried 
out using the Gamry (PCI 300/4) Instrument 
Potentiostat / Galvanostat/ZRA. This includes a 
Gamry framework system based on the ESA400. 
Gamry applications include DC105 for corrosion 
measurements and EIS300 for electrochemical 
impedance spectroscopy along with a computer for 
collecting data. Echem Analyst (5.58) software was 
used for plotting, graphing, and fitting data. The 
electrode potential was measured against a 
saturated calomel electrode (SCE) and a platinum 
foil was used as an auxiliary electrode. 

3. RESULTS AND DISCUSSION 

3.1. Weight loss (WL) tests 

304SS coupons were exposed for 3 hrs in 
naturally aerated 2M HCl with and without the 
addition of the drug [Fig.2]. From the data of WL, 
the % I at each drug concentration was calculated 
using the equation: 

% I = ɗ x100 = [1-CRinh/ CRfree) x 100 (1) 

where CRinh and CRfree are the corrosion rates in 
the absence and presence of the drug, 
respectively. It can be seen that the maximum of 
75.1 % inhibition efficiency is achieved at 300 ppm 
of drug concentration and % I increases with 
increasing the drug concentrations [20] [Table 1]. 
This is mainly due to the active chemical 
constituent of viz, ˊ bonds, heteroatoms (O and N). 
The almost greater than 75% of surface coverage 
(ɗ) is due to the coordination between the metal 
and the heteroatom present in the drug. 

Table 1. (CR) and (% I) at different concentrations of 
the expired concor drug for the corrosion of 
304 SS after 120 min immersion in 2M HCl at 
30°C 

Tabela 1. (CR) i (% I) u razliļitim koncentracijama 
vremenski isteklog leka za koroziju 304 SS 
posle 120 min potapanja u 2M HCl na 30°C 

Conc. 

ppm 

Concor 

CR x103  mg cm-2 min-1 % I 

 50 4.2  45.88 

100 3.5 54.90 

150 3.1 60.18 

200 2.7 64.56 

250 2.5 67.78 

300 1.05 75.10 
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Figure 2. WL-time curves for the corrosion of 304 SS in 2M HCl without and with different concentrations 

of the expired concor drug at 30 oC 

Slika 2. WL-vremenske krive za koroziju 304 SS u 2M HCl bez i sa razliļitim koncentracijama lekova 
kojima je istekao vremenski rok na 300C 
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3.2. Effect of temperature on % I 

The % I for 304SS corrosion in the presence of 
various concentrations of the investigated expired 
drug and at different temperatures was calculated 
and were listed in Table 2. The results of Table 2 
illustrate the variation of CR and % I with drug 
concentration at different temperatures. The 
obtained data revealed that the % I decreased with 
an increase in the drug concentration. This 
suggests that the drug species are adsorbed on the 
304 SS/solution interface where the adsorbed 
species mechanically form a protecting film on the 
metal surface which retards the action of the 
corrosion. The value of % I was decreased with a 
suggested that physical adsorption mechanism 
[21]. These results indicate that the adsorption of 
investigating drug shields the metal surface at 
room temperature [22]. However, it may be 
shielded from the surface with a rise in 
temperature. It is also clear that the corrosion rate 
of 304SS in the absence and presence of drug 
obeyed Arrhenius type equation as with raising 
solution temperature. The dependence of corrosion 
rate (icorr) on the temperature can be expressed by 
Arrhenius equation 2: 

icorr =A exp (-Ea
*/ RT) (2) 

where A is the pre-exponential factor and Ea
* is the 

apparent activation energy of the corrosion 
process. Arrhenius corrosion of 304SS in 2 M HCl 
the presence of different concentrations of expired 
concor is shown in Figure 3. E*

a values determined 
from the slopes of these linear plots are shown in 
Table 3. The linear regression (R2) is close to 1 
which indicates that the corrosion of 304SS in 2 M 
HCl solution can be elucidated using the kinetic 
model. Table 3 showed that the values of Ea

* for 
the inhibited solution are higher than that for the 
uninhibited solution, suggesting that dissolution of 
304SS is slow in the presence of a drug. It is 
known from Eq.2 that the higher Ea

* values lead to 
the lower corrosion rate. This is due to the 
formation of a film on the SS surface serving as an 
energy barrier for the stainless steel corrosion [23].  

Enthalpy and entropy of activation (ȹH*, ȹS*) of 
the corrosion process were calculated from the 
transition state theory as given from equation 3 
Table 4):  

icorr = (RT/Nh) exp (ȹS*/R) exp (-ȹH*/RT) (3) 

where h is Planckôs constant and N is Avogadro's 
number. A plot of log (icorr/T) vs. 1/ T for stainless 
steel in 2M HCl with different concentrations of 
expired concor gave straight lines as shown in 
Figure 4. Values of ȹH* are positive. This indicates 
that the corrosion process is an endothermic one. 
The entropy of activation ȹS* is large and negative. 
This implies that the activated complex represents 

an association rather than dissociation step, 
indicating that a decrease in disorder takes place, 
going from reactants to the activated complex [24]. 

Table 2. Variations of % I and CR for various 
concentrations of the investigated expired 
drug at different temperatures 

Tabela 2. Varijacije % I i CR za razliļite koncen-
tracije ispitivanog vremenski isteklog leka 
na razliļitim temperaturama 

Temp., 
ºC 

Conc. 
ppm 

Expired concor drug 

CR x10-3 

mg cm-2 min-1 
%I 

35 

50 6.1 41.9 

100 5.2 50.4 

150 4.6 56.1 

200 4.2 60.0 

250 3.5 66.6 

300 3.4 67.6 

40 

50 8.4 44.0 

100 7.6 49.3 

150 7.0 53.3 

200 6.3 58.0 

250 5.5 63.3 

300 4.9 67.3 

45 

50 12.6 40.0 

100 10.7 49.0 

150 9.7 53.8 

200 8.8 58.1 

250 8.0 61.9 

300 7.5 64.2 

 

Table 3. Activation parameters for 304SS surface 
corrosion without and with various 
concentrations of investigating expired 
drug in 2M HCl 

Tabela 3. Parametri aktivacije za povrġinsku 
koroziju 304SS bez i sa razliļitim 
koncentracijama ispitivanog leka u 2M HCl 

Conc. 

ppm 

Activation parameters 

Ea
* 

kJ mol-1 

æH* 

kJ mol-1 

-æS* 

J mol-1K-1 

0.0 53.5 22.4 58.1 

50 57.9 24.0 50.6 

100 59.8 24.9 45.7 

150 61.7 25.7 40.4 

200 62.5 26.0 39.7 

250 63.1 26.2 37.8 

300 64.8 27.0 33.1 
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Figure 3. Arrhenius plots for 304 SS (log CR vs 1/T) after 120 minutes of immersion in 2M HCl without and 
with various concentrations of concor drug 

Slika 3. Arrheniusove krive za 304 SS (log CR vs 1/T) nakon 120 minuta potapanja u 2M HCl bez i sa 
razliļitim koncentracijama vremenski istroġenog leka 
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Figure 4. Transition-state for 304 SS (log CR/T vs. 1/T) in 2M HCl without and with various concentrations 
of expired concor drug 

Slika 4. Prelazno stanje za 304 SS (log CR /T vs. 1/T) u 2M HCl bez i sa razliļitim koncentracijama 
istroġenog leka 

 

3.3. Adsorption Isotherms and Thermodynamic 
Parameters 

Adsorption isotherm values are important to 

explain the mechanism of corrosion inhibition of 

organo-electrochemical reactions. The most 

frequently used isotherms are Langmuir isotherm 

(Fig. 5). Thermodynamic parameters for the 

adsorption of concor on a 304SS surface in 2M HCl 

at different temperatures were listed in Table 4. 
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The Langmuir adsorption isotherm may be 

formulated (ɗ/1-ɗ) =1/Kads + C. The plot (1-ɗ/ɗ) vs 

C found to be linear for the additive (Fig. 5). The 

equilibrium constants (Kads) for an adsorption-

desorption process for the drug can be calculated 

from the reciprocal of the antilogarithm of the 

intercept. The Kads values were listed in Table 4 

The thermodynamic parameters free energy 

(æGoads) and entropy (æSoads) of the investigated 

drug can be calculated from the thermodynamic 

relations: 

ȹG0
ads = -RT ln (55.5 Kads)  (4) 

æG0
ads = æH0

ads ̮̮ TæS0
ads  (5) 

In the above expression, 55.5 is the concen-

tration of water in solution in M-1[25]. To calculate 

æH°ads , a plot of log Kads vs. 1/T was done and the 

slope of the line gave the (-æH°ads) (Fig. 6). The 

calculated values of (æGoads), (-æH°ads) and (æSoads) 

are recorded in Table 4. The negative values of 

æGoads indicate the spontaneous adsorption of the 

additives on the surface of 304SS and its values 

also, indicates that the inhibition process becomes 

less favorable as the temperature is increased from 

30°C to 45°C. This conclusion agrees with the 

values of % I. These results prove that the best I% 

occurs at 30°C. This agrees with what expected 

since the adsorption is an exothermic process and 

is always accompanied by a decrease of entropy 

change. æSoads decreases with increasing 

temperature. The negative sign of æHÁads indicates 

the exothermic process of adsorption. The low 

value of æSoads supports the higher absorbability of 

concor on the surface of SS. 

 

Table 4. Thermodynamic adsorption parameters for the adsorption of the drug on SS304 in 2M HCl at 
different temperatures 

Tabela 4. Termodinamiļki parametri adsorpcije za adsorpciju leka na SS304 u 2M HCl na razliļitim 
temperaturama 

Inhibitor 
Temp. 

°C 

Kadsx10-4 

M-1 

-æG°ads 

kJ mol-1 

-æH°ads  

kJ mol-1 

-æS°ads 

J mol-1 K-1 

concor 

30 68.2 20.8 

30 

68.50 

35 61.7 20.8 67.67 

40 50.8 20.7 66.05 

45 46.8 20.8 65.37 
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Figure 5. Langmuir isotherm of concor on 304SS surface in 2M HCl at different temperatures 

Slika 5. Termodinamiļki parametri adsorpcije za adsorpciju istroġrnog leka na SS304 u 2M HCl 
na razliļitim temperaturama 
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Figure 6. log kads vs 1/ T for the corrosion of 304SS in 2M HCl in the presence of expired concor drug 

Slika 6. log kads vs 1/T za koroziju 304SS u 2M HCl u prisustvu istroġenog leka 

 

3.4. Polarization (PP) tests 

Addition of different concentrations of this drug 
on the anodic and cathodic polarization of 304SS 
was studied in 2M HCl. The corrosion current (icorr) 
density was determined from the intersection of 
linear parts of cathodic curves successively by the 
stationary corrosion potential (Ecorr). The % I at 

each concentration was calculated using the 
equation: 

%IE=ɗx100= [1-(icorr/i°corr)] x 100  (6) 

Where icorr and i°corr are the current densities in the 
presence and absence of inhibitor, respectively. 

Table 5. Shows the effect of concor concentration on the corrosion kinetics parameters such as anodic 
and cathodic Tafel slopes (ba and bc), Ecorr, icorr, % I, and ɗ 

Tabela 5. Prikaz uticaja koncentracije istroġenog leka na parametre korozione kinetike, kao ġto su anodne 
i katodne Tafelove krive (ba i bc), Ecorr, icorr,% I i th 

[Inh.] 

ppm 

-Ecorr 

mV vs SCE 

icorr  

mA cm-2 

bc 

mV dec-1 

ba  

mV dec-1 

kcorr 

mmy-1 
% I ɗ 

Blank 372 598 135 64 27.33 ---- ---- 

50 391 310 126 58 17.39 36.3 0.363 

100 367 338 131 55 15.45 43.5 0.435 

150 393 315 128 63 14.38 47.3 0.473 

200 393 283 84 43 12.91 52.7 0.527 

250 391 256 101 49 11.68 57.2 0.572 

300 395 215 96 56 9.83 64.1 0.641 

 

The parallel cathodic Tafel lines (Fig.7) 
suggested that the addition of the drug to 2M HCl 
solution do not modify the hydrogen evolution 
mechanism and the reduction of H+ ions at 304SS 
surface, which occurs mainly through a charge 
transfer mechanism [26]. The change in the values 
of bc in the presence of the inhibitor clearly 
indicates the effect of the drug on the kinetics of 

hydrogen evolution. The shift in anodic Tafel slope 
ba values may be due to the adsorption of inhibitor 
molecules onto the 304SS surface [27]. The 
studied drug acts as a corrosion inhibitor 
suppressing both anodic and cathodic reactions by 
getting adsorbed on the 304SS surface blocking 
the active sites and these results suggested that 
the addition of the drug reduces the anodic 
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dissolution and also retards the cathodic hydrogen 
evolution reaction, indicating that concor drug 
exhibits cathodic and anodic inhibition effect [28]. 
The polarization curves exhibit no steep slope in 
the anodic range (Fig.7), meaning that no passive 
films are formed on 304SS surface. Table 5 shows 
that there is no definite trend in the shift of Ecorr 

values, in the presence of various concentrations of 
concor in 2M HCl solution. This result indicated that 
the drug can be classified as a mixed type of 
inhibitor in 2M HCl solution. The I% calculated from 
WL and PP measurements was in good 
agreement. 
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Figure 7. PP curves for the dissolution of 304SS in 2M HCl without and with different concentrations of expired 
concor drug at 30oC 

Slika 7. PP krive za rastvaranje 304SS u 2M HCl bez i sa razliļitim koncentracijama istroġenog leka na 30ÁC 

3.5. EIS measurements 

Impedance spectra (Nyquist plots) of SS in 2M 
HCl containing various concentrations of the 
expired concor at 300C are shown in Fig. 8. Nyquist 
plots contain depressed semicircles with the center 
under the real axis, indicating the charge transfer 
process as the main controlling factor of the 

corrosion of 304SS. It is apparent from the plots 
that the impedance of the inhibited solution has 
increased with the increase in the concentration of 
the drug. The experimental results of EIS measure-
ments for the corrosion of 304SS in 2M HCl with 
and without drug are given in Table 6. The equi-
valent circuit was used to fit the EIS data (Fig. 9). 

 

Figure 8. The Nyquist plots for the corrosion of 304 SS in 2M HCl in the absence and presence of different 
concentrations of the concor at 30oC 

Slika 8. Nyquist -ove krive za koroziju 304 SS u 2M HCl u odsustvu i prisustvu razliļitih koncentracija 
istroġenog leka na 30ÁC 


