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Abstract    

    The use of varied quantities of orphenadrine to protect stainless steel against 

corrosion in an acidic media at 298 K has been investigated. It was observed that 

when the drug's concentration is increased, the drug's speed of corrosion lowers. The 

data of inhibition efficiency (percent IE) in the presence of orphenadrine drug and 

corrosion resistance showed that the highest protection efficiency was achieved with 

the best concentration, and that the corrosion rate decreased with increasing 

orphenadrine drug concentrations, making it a good inhibitor for stainless steel in an 

acidic environment. The theoretical investigation proved the efficiency of the drug 

for inhibition, as the drug is absorbed on the surface of the stainless steel by the 

active groups in the drug, using the hyperchem-8.07 software to compute the 

molecular orbital energies. 
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 مض الهيدروكمهريكاح في(الفهلاذ المقاوم لمصدأ L313أورفينادرين عمى تآكل ) تأثير دواء السترات
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  الخلاصة 

كيزات مختمفة لحطاية الفهلاذ الطقاوم لمصجأ من التآكل في وسط ااستخجام عقار الأورفيظادرين بتر       
كمفن. وقج وجج أن سرعة التآكل تتظاقص مع وجهد الجواء مع زيادة تركيزه . كانت نتائج  892 الحامضي عظج
% ومقاومة التاكل  بجهد عقار الأورفيظادرين في اعمى كفاءة حطاية وافضل تركيز ، وتظاقص  IE كفاءة التثبيط

اوم لمصجأ في الهسط الحامضية. معجل التآكل مع زيادة تركيز عقار الأورفيظادرين الطثبط الجيج لمفهلاذ الطق
لحداب الطاقات الطجارية الجزيئية ، أظهرت الجراسة الظعرية فعالية  hyperchem-8.07باستخجام برنامج 

، حيث يتم امتصاص الجواء عمى سطح الفهلاذ الطقاوم لمصجأ بهاسطة الطجطهعات الفعالة في  الجواء لمتثبيط
 .الجواء
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1. Introduction 

     Corrosion is the deterioration or shattering of minerals and metals, which has an impact on 

the country's development [1]. This is comparable to the danger of natural calamities such as 

earthquakes and floods, although corrosion can be controlled [2,3]. Plastics, organic particles, 

and polymers as protective coatings for metal surfaces, as well as organic and organic 

inhibitors for catholic and anode protection [4], are some of the approaches used to protect 

metals from corrosion. Active inhibitors are heterocyclic compounds that contain oxygen, 

sulfur and nitrogen, either with long chain or aromatic carbon compounds. These inhibitors 

contain functional groups such as (-NH2, -OR, -SR, -C = C, -NR2, -OH) and have p-electron 

systems. Tetracycline, ampicillin, penicillin G, methocarbamol, ampiclox, cloxacillin, 

orphenadrine, azithromycin, and other medications are used to prevent metal corrosion 

because they contain electrons of functional groups that enable their absorption on the metal's 

surface [5]. The role of inhibitors is to prevent or reduce metal corrosion by increasing the 

metal' resistance to corrosion, reducing the spread of substances that interact on the surface of 

the metal and reduce or increase the cathodic or anode reactions, as well as the inhibitor 

increases the absorption of ions or particles on the surface of the metal [6,7]. Orphenadrine 

citrate is used to treat lower back pain and headache because it is an N-methyl-D-aspartate 

receptor antagonist. Urinary retention, blurred vision, dry mouth, and confusion result from 

side effects of orphenadrine use, which is partly related to the anticholinergic process [8]. 

Previous study has shown that employing inhibitors in an acidic solution can regulate or 

minimize stainless steel corrosion. There are a variety of corrosion inhibitors that are better 

suited to industrial demands. Inhibitor compounds' inhibition efficacy is primarily determined 

by the composition and chemical characteristics of the inhibitor produced on the metal 

surface. Corrosion is prevented by inhibitors adsorbing on the metal surface through polar 

atoms. SiO2 [9], ZrO2 [10], nanomaterials, and chemical derivatives as 1,3-Thiazolidin-5-one 

Derivatives [11] are examples of inhibitors. The effect of Orphenadrine at various 

concentrations on the corrosion of stainless steel in an acidic environment at 298K and 

Theoretical Studies using the hyperchem-8 software were explored in this research. The 

higher the concentration of the medication, the better at suppressing corrosion. 

2.Material and Method 

2.1. Material 

2.1.1. Stainless steel: Table 1 shows the chemical composition of the stainless steel metal 

used as a sample to study corrosion, the chemical composition device was X-ray fluorescence. 

Table 1-composition of Stainless steel: 

Grade 
C 

(Max) 

Mn 

(Max) 

P 

(Max) 

S 

(Max) 

Si 

(Max) 
Cr Ni Mo 

Nitrogen 

(Max) 

316 0.028 2.00 0.045 0.030 0.75 
16.00-

18.00 

10.00-

14.00 

2.00-

3.00 
0.10 

 

2.2.1. Hydrochloric acid of  Test Solution : (0.2M HCl) supplier from BDH, the solution was 

prepared by adding 16.70 ml of HCl to one liter of distilled water. 

2.2.2. Inhibitor 

The Orphenadrine citrate drug inhibitor in different concentration (10,100,200,300and 400 

ppm) used for testing the corrosion protection for Stainless Steel in acid media. Orphenadrine 

citrate drug has chemical name:- N-(4-Hydroxyphenyl) acetamide. 
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O

N

N ,N-dimethyl-2-(phenyl(o-tolyl)methoxy)ethanamine

Chemical Formula: C18H23NO
Exact Mass: 269.18

Molecular Weight: 269.38

m/z: 269.18 (100.0%), 270.18 (19.8%), 271.18 (2.1%)

Elemental Analysis: C, 80.26; H, 8.61; N, 5.20; O, 5.94  
2.2.3. Metal preparations: Utilize wire-cutting technology to cut stainless steel with a diameter 

of 2.5 cm and a thickness of 2 mm in a circular motion, as it utilizes silicon carbide sheets of 

various sizes (100, 260, 320, 600, 800, and 1200) to flatten and polish the metal's surface. The 

corrosion of stainless-steel metal in acidic medium and at a temperature of 298 K, in the 

presence and absence of an inhibitor (Orphenadrine citrate in various concentrations) was 

studied using electrochemical measurements. The corrosion voltage and current are 

determined for the presence and absence of the inhibitor using the corrosion cell, which 

consists of three electrodes. The corrosion cell is built of pyrex and has a one-liter capacity. It 

is made up of two external containers for water flow from the cooling device and to keep the 

temperature constant at 298 Kelvin, as well as an interior container that houses the cell's three 

poles. The working electrode potential is determined using the reference electrode which 

corresponds to the reference potential .The reference electrode is composed of two inner 

vessels that consist of silver, silver chloride, potassium chloride, and the outer vessel that is 

filled with a prepared acid solution of 0.2 M hydrochloric acid as the voltage of the reference 

electrode is defined and accurate. The auxiliary electrode is made of high purity platinum 

metal, its length is 10 cm. The working electrode that connects to the composite stainless steel 

which consists of a metal wire of 20 cm in length, Figure-1. shows measurements of the 

polarization.  

 

 
Figure 1- Complete system set up for polarization measurements 
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3. RESULTS AND DISCUSSION 

3.1. Inhibition efficiency 

Fig. 2. shows a diagram of the various drug concentrations against an efficiency of inhibition 

of corrosion of stainless steel in an acidic medium at 298 K. The explanation for this is 

because the drug's inhibitory efficiency at the maximum concentration has improved due to 

the stainless steel's enhanced capacity to absorb the drug, and the efficiency has remained 

consistent [12,13]. The corrosion current density is utilized before and after inhibition to 

compute the ratio of inhibition efficiency. 

    {
              

        
   }                         

Where,          and        are corrosion current density in inhibited and uninhibited 

medium, respectively [14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-Inhibition efficiency (%IE) of stainless-steel metal at different concentration of drug 

at 298 K. 

 

3.2-Potentiodynamic polarization curves 

Fig. 3. shows the polarizing behavior of the stainless-steel metal in an acidic medium at 298 K 

and in the presence of the drug. The inhibitor is in the form of organic molecules that inhibit 

the corrosion of the stainless steel 

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-Potentiodynamic polarization curves of stainless steel in 0.2 M HCl with and 

without inhibitor concentrations at 298 K. 
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Table 2-Parameters of Potentiodynamic polarization curves of the stainless steel with and 

without inhibitor solutions at 298 K. 

Conse. of 

inhibitor)ppm) 

 

Icorr 

(mA/cm2) 

-Ecorr 

(mV) 

 

ba 

 

-bc 
P.L 

(mm.y-

1) 

W.L 

g/(m².d) 
%IE θ 

Rp/ 

Ω.cm2 

 
(mV.dec

-1
) 

 

0 10.70 466.5 359.7 246.1 2350 104 0 0 5.929 

10 1.37 417.5 295 345.4 344 15.3 87.19 0.8719 50.42 

100 1.26 440 380.9 281.6 317 14.1 88.22 0.8822 55.79 

200 1 430.8 346.3 208.6 280 12.5 90.65 0.9065 56.52 

300 0.916 424.4 322.6 292.7 230 10.2 91.43 0.9143 72.74 

400 

 

 

0.855 415.2 344.3 267.4 214 9.54 92.00 0.9200 76.43 

 

      When the inhibitor (Orphenadrine citrate medication) was introduced, the corrosion 

current values in the acid medium decreased significantly, as shown in Table 2. and Fig. 4. 

Furthermore, changes in the corrosion potential values, as well as changes in the anode Tafel 

curve (Ba) and the cathodic tafel curve (Bc), are minor and barely detectable. In summary, the 

results demonstrate that adding an inhibitor largely prevents hydrogen from forming and 

regulates anodic dissolution without affecting the corrosion process [15]. These chemicals are 

mixed type inhibitors, according to the results [16]. The basic function of inhibitors is to 

prevent active sites from forming on the metal's surface, reducing anodic dissolution and 

disrupting hydrogen gas release. They can also screen the covered part of the electrode and 

therefore protect it from the action of the corrosion medium [17]. The values E(corr) not 

effect on the addition of increasing concentrations of drug [18]. 

3.3.  Adsorption Isotherm 

Many factors influence the adsorption process. Adsorption is characterized as a chemical 

process in which the adsorbent material interacts with the adsorbent material, or as a physical 

process involving a mild reaction. To determine the adsorption equations, the degree of 

surface coverage ) θ) of different concentrations was used, which is illustrated in Equation 

2[19] 

      {
 

 
     }      

The plots of (C/ θ) against concentrations of Orphenadrine citrate drug for the at 298 K were 

straight lines [20], this indicates that the process is an adsorption process of the drug by the 

metal in 0.2 M of hydrochloric acid [21] as shown in Fig. 4. 
 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 4-The degree of surface coverage (C/θ) of stainless steel metal at different 

concentration of drug  at 298 K. 
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3.4. Polarization resistance (Rp) 

Equation 3 indicates the polarization resistance [22] 

   
     

                  
                                           

Table 2 shows the polarization resistance, where we note that the increase in inhibitor 

concentration increases with it the polarization resistance, and therefore the stainless steel is 

more resistant to corrosion [23,24], because the drug is less conductive than stainless steel, so 

the surface of the metal is completely covered with the drug [25]. 

3.5. Theoretical Calculations 

          In Theoretical, study molecular mechanics are used for calculations of minimum 

energy, PM3 method explains the semi-empirical and Hyperchem program [26]. Energies 

EHOMO, ELUMO, energy gap (, (ΔE) between the participating HOMO and LUMO 

calculate optimized molecular structures [27,28]. Because the last occupied orbital is small, an 

electron will be removed from orbital, the drug has polarity, and thus the dipole moment of 

the drug increases with increasing inhibition efficiency [29]. Because the last occupied orbital 

is small, an electron will be removed from orbital, the drug has polarity, and thus the dipole 

moment of the drug increases with increasing inhibition efficiency. Because the stainless-steel 

metal has an electrical charge on its surface and the medication possesses electric moments, 

there is an electrostatic interaction between the electric field and the drug [30-32]. This is  

show  in Figure-(5and6),and Table(3).  

 

 
Homo Sites 

 

 
Lumo Sites 

 

 
Electrostatic potential Sites 

 

Figure 5-Homo,Lumo and Electrostatic potential Sites as 2D & 3D Counters for the Drug. 

 



Jassim et al.                                   Iraqi Journal of Science, 2022, Vol. 63, No. 7, pp: 2793-2803              

2799 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 6-The optimized structure (down) and HOMO (center) and LUMO (high) distribution 

for molecules. 

 

Table 3-Quantum chemical parameters for drug 

Compd. No. 

 
ΔEtot ΔH

o
f ΔEb EHomo ELumo 

Dipole 

moment 

 

 -67855.33 4.15 -4442.77 - 9.180616 0.2634013 0.6602 

 

3.6. FT-IR Spectra  

      The FTIR spectrum of  drug compound reveals a stretching vibration  band at C-H ( 

aromatic ring), C=C( aromatic ring) , C-H   ( aliphatic group),R-O-R( ether group), (3048, 

1594, 2962, 1181) cm
-1

groups stretching vibrations respectively, see Fig. 7 and Table.4 and 

Fig. 8 explain Vibration stretching bond of drug  mode of (C=C), aliphatic (CH), 

ether(CO)[33].  

 
Figure 7 -IR of Orphenadrine citrate drug inhibitor 
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Table 4-Comparison of theoretical and experimental Frequency  for drug. 
Comp. 

NO. 
Frequency Intensity 

 

1 

 Theoretical experimental  

C-H ( aromatic ring) 3048 3047 3.74212 

C=C( aromatic ring) 1594 1585 1.13956 

C-H   ( aliphatic group) 2962 2970 1.79535 

R-O-R  (Ether group) 1181 1180 2.42710 

 

  

Vibration stretching mode of ether(CO) Vibration stretching mode of aromatic (CH) 

  

  Vibration stretching mode of aliphatic (CH)      Vibration stretching mode of (C=C)  

 
                                   Vibration stretching mode of aromatic (CH)  

Figure 8-explain Vibration stretching  bond of drug ( mode of (C=C),  aliphatic (CH), 

ether(CO). 
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4.Conclusions  

      This work describes the corrosion inhibition of 316L Stainless Steel by Orphenadrine 

citrate drug. Experimental results from potenciodynamic measurements are subjected to 

theoretical calculations. The results of the inhibition efficiency showed that the use of 

Orphenadrine citrate for corrosion inhibition in the aqueous acidic media, can decrease the 

corrosion from 10.70to 0.916 (mA/cm2), also the inhibition efficiency reaches 92.00%, due 

to, the adsorption of inhibitor from solution attachment to surface of 316L Stainless Steel  in 

acid solution. The work includes a theoretical study using molecular mechanics and semi-

empirical calculations by the program of hyperchem 8.07 (PM3)& (DFT), the heat of 

formation (ΔH˚f),total energy(ΔEb) and optimized structural geometries were calculated at 

298K, vibration spectra for Orphenadrine citrate was calculated and then compared with the 

experimental value.  

5. Acknowledgements 

I thank all the researchers who participated in the research, as well as the laboratories of the 

College of Science for women  

 

Refrences  
[1] N. J.Kadhim, M. S. Sando, F. S. Jaafar and  I. M.M. M. Hasan," Synthesis, Characterization, and 

Investigation the Inhibitory Impact of Thiosemicarbazide Derivative toward the Corrosion  of 

Mild Steel in Acidic Media'', Journal of Baghdad Science, Published Online First: May,2022. 

[2] D. Kesavan, M. Gopiraman and  N. Sulochana, “Green Inhibitors for Corrosion of Metals: A 

Review,” Che Sci Rev Let, vol.1,no.1,pp.1-8,May,2012. 

[3] O.H.R.Al-Jeilawi and M. A. H. Al-Yassiri , "Synthesis, Characterization and Quantum 

Mechanical Study of Some New 2- benzylidenehydrazinecarbothioamide Derivatives as 

Corrosion Inhibitors for Carbon/mild Steel in Acidic" . Iraqi Journal of Science,vol.56,no.1,pp.1-

11,Jan.2015. 

[4] Koch, G.,H., Brongers, M.,P.,H., Thompson, N.,G., Virmani, Y.,P. and  Payer, J.,H, "Corrosion 

costs and preventive strategies in the United States", NACE Intl PHWA-RD-01-156,2002. 

[5] Nnabuk, O., Eddy, S., Stoyanov, R. and Ebenso, E., E," Fluoroquinolones as Corrosion Inhibitors 

for Mild Steel in Acidic Medium; Experimental and Theoretical Studies". Int. J. Electrochem. 

Sci.,vol.5,no.8,pp.1127 -1150, Auq,2010. 

[6] B.E.AMitha Rani,and B.B.J.Basu,"Green inhibitors for corrosion protection ofmetals and alloys 

an overview", International Journal of Corrosion. Volume,Special Issue,May,2012. ID 380217 | 

https://doi.org/10.1155/2012/380217 

[7] R.G.Sundaram, G. Vengatesh and  M. Sundaravadivelu," Effect of Pharmaceutically Active 

Compound Nitroxoline on the Corrosion of Mild Steel in an Acidic Environment", Advances in 

Chemistry ,Volume , pp.1- 9,Auqust, 2016.http://dx.doi.org/10.1155/2016/8653675. 

[8] L.S.Omer, A.J.Rasul , "Assay of Orphenadrine Citrate in Pharmaceuticals via Extraction-

Spectrophotometric Method", Iraqi Journal of Science. Vol.59,no.3A, pp.1152-1161, July,2018. 

[9] M.Atik, P.De.Lima,L.A.Avaca,M.A.Aegerter,J.,Zarzycki,"Protection of 316L stainless steel 

against corrosion by SiO2 coatings", Journal of Materials Science Letters.vol.13,pp.1081-

1085,Jan,1994. 

[10] I.Bacicl, H.O.Curkovic, Lidija. Curkovic,V.Mandic, Z. Sokcevic," Corrosion Protection of AISI 

316L Stainless Steel with the Sol-Gel Yttria Stabilized ZrO2 Films: Effects of Sintering 

Temperature and Doping", Int. J. Electrochem. Sci., doi: 10.20964/2016.11.04, 11 , pp.9192 – 

9205,Oct, 2016. 

[11] M.Abdallah,M.M.Salem, B.A. AL Jahdaly, M.I. Awad,E. Helal,A.S. Fouda," Corrosion 

Inhibition of Stainless Steel Type 316 L in 1.0 M HCl Solution Using 1,3-Thiazolidin-5-one 

Derivatives", Int. J. Electrochem. Sci., doi: 10.20964/2017.05.35,12 ,pp.4543 – 4562, Apr,2017. 



Jassim et al.                                   Iraqi Journal of Science, 2022, Vol. 63, No. 7, pp: 2793-2803              

2802 

[12] Noura,  M," Evaluation of Additives as Corrosion Inhibitors/Antioxidants for High Quality Nano 

Emulsifiable Oils of Metalworking Fluids", Journal of Surface Engineered Materials and 

Advanced Technology, 4,pp.155-163,Jan, 2014. Doi: 10.4236/jsemat.2014.43019. 

[13] Rasha ,A., J., Muna, S., S. and  Ahlam, M., F, "Protection of Galvanized steel from corrosion in 

salt media using sulfur nanoparticles", Baghdad Science Journal , Published Online First: 

Sep,2021. 

[14] R.A.Jasim,N.J.Kadhim and A.M.Farhan," Experimental and Theoretical Study of Neomycin 

Sulfate as Corrosion Protection for Titanium in Acid Media", Baghdad Sci. J,vol.18,no. 2, pp.374-

383, Jun,2021. Doi: https://doi.org/10.21123/bsj.2021.18.2.0374 

[15] A.M.Farhan, R.A.Jassim and A.A.Mohamoed,"Corrosion Protection of Carbon Steel By Voltaren 

Drug in Acid Media and Theoretical Studies", RJPBCS. Vol.9,no. 2, pp.705-715, Apr, 2018. 

[16] Z.Salarvand,M.Amirnasr,M.Talebian and  S.K.Raeissi,"Enhanced corrosion resistance of mild 

steel in 1 M HCl solution by trace amount of 2-phenyl-benzothiazole derivatives: experimental, 

quantum chemical calculations and molecular",Corros. Sci, 114, pp.133-145, 2017. 

Doi:10.1016/J.CORSCI.2016.11.002 

[17] H.Lgaz,S.Zehra,K.Toumiat,A.Chaouiki,Y.ElAoufir,A.H.Ismat,M.L.R.Khan,CH.Salghi,"Mild 

Steel Corrosion Inhibition by Furocoumarin Derivatives in Acidic Media", Int. J. Electrochem. 

Sci. 14 ,pp.6699 – 6721, Jun, 2019.doi: 10.20964/2019.07.11 

[18] A.S.Fouda,S.M.Rashwan,M.Kamel and A.A.Badawy,"Unused Meropenem Drug as Corrosion 

Inhibitor for Copper in Acidic Medium; Experimental and Theoretical Studies". Int. J. 

Electrochem. Sci.. 11 , pp.9745 – 9761,Oct, 2016. doi: 10.20964/2016.11.36 

[19] R.K.Pathak and M.Pratiksha,"Drugs as Corrosion Inhibitors: A Review", International Journal of 

Science and Research (IJSR). Vol.5, no. 4,pp.671-677,Apr,2016. ID: NOV162623 

[20] R. A.M. AAnaee ,M.H.Abdulmajeed,M.M.Kadhim and S.Alaa, "Antibacterial Inhibitor as an 

Expired Metoclopramide in 0.5 M Phosphoric Acid", Al-Khwarizmi Engineering Journal. 

Vol.15,no.1,pp.71- 81,Mar,2019. Doi: 10.22153/kej.2019.08.002 

[21] E.Salah,"Expired Desloratidine Drug as Inhibitor for Corrosion of Carbon Steel Pipeline in   

Hydrochloric acid Solution" ,  Int. J. Electrochem. Sci., 16 , pp.150852 ,Nov,2021. doi: 

10.20964/2021.01.27 

[22] A.M.A.Al-sammarraie and M. H.Raheema," Reduced Graphene Oxide Coating for Corrosion 

Protection Enhancement of Carbon Steel in Sea water" Iraqi Journal of Science. Special Issue , 

Special Issue, Part B,:pp.243-250,Oct,2016. 

[23] I.A.Akpan, N.O.Offiong" Electrochemical study of corrosion inhibition action action of 

sulphadoxine on mild steel in acidic medium". International Journal of Chemical and Process 

Engineering Research. vol.1,no.2,pp. 10-18, 2014. Doi:10.18488/journal.65/2014.1.2/65.2.10.18 

[24] R.A.Jassim,N.J.Kadhim,A.M.Farhan and M.S. Hadi, "Nano-Parctials as corrosion inhibitors for 

Aluminum alloys in acidic solution at different Temperatures", IOP Conf. Series: Materials 

Science and Engineering. . 928 052014:1-12 doi:10.1088/1757-899X/928/5/052014, 2020. 

[25] S.A.Adbulaziz and  A.M. A.Al-Sammarraie, "Anticorrosion behavior of deposited nanostructured 

polythiophene on stainless steel, carbon steel, and aluminum in sea water" . International Journal 

of Engineering Research & Science. Vol.2,no.2,Feb,2016. 

[26] M.P.Chakravarthy and  K.N.Mohana,"Inhibition Behaviour of Some Isonicotinic Acid 

Hydrazides on the Corrosion of Mild Steel in Hydrochloric Acid Solution",Inter J Corrosion. 

Vol.5,no.6,pp.1-13,Nov, 2013. https://doi.org/10.1155/2013/854781 

[27] O.Senhaji,R.Taouil ,M.K.Skalli,M.Bouachrine,B.Hammouti,M.Hamidi and S.S.Al-Deyab," 

Experimental and Theoretical Study for Corrosion Inhibition in Normal Hydrochloric Acid 

Solution by Some New Phophonated Compounds". Int J Electrochem Sci.6,pp.6290-6299, 

Dec.2011. 



Jassim et al.                                   Iraqi Journal of Science, 2022, Vol. 63, No. 7, pp: 2793-2803              

2803 

[28] M.Shihab,and A.F.Mahmod,"Experimental and Theoretical Study of Some Npyridinium Salt 

Derivatives as Corrosion Inhibitors for Mild-steel in 1 M H2SO4"Portugaliae Electrochimica 

Acta,vol.35,no.6,pp.39-51,Jan,2017. 

[29] S.Martınez,"Inhibitory mechanism of mimosa tannin using molecular modeling and substitutional 

adsorption isotherms" .Mater. Chem. Phys.vol.77,no.1,pp.97-102,January,2003. 

https://doi.org/10.1016/S0254-0584(01)00569-7 

[30] I.Ahamad,R.Prasad and M.A.Quraishi,"Inhibition of carbon steel corrosion in acid solution by 

pheniramine drug: Experimental and theoretical study". Corros. Sci,vol.52,no.9,pp.3033-

3041,Sep,2010. Doi: 10.1016/j.corsci.2010.05.022 

[31] E.A.Noor and A.Al-Moubaraki, "Thermodynamic Study of Metal Corrosion and Inhibitor 

Adsorption Processes in Mild Steel/1-Methyl-4[4’(-X)-styryl Pyridinium Iodides/Hydrochloric 

Acid Systems",Materials Chemistry and Physics, vol.110, no.1, pp.145-154, Jul, 2008. Doi: 

10.1016/j.matchemphys.2008.01.028                            

[32] A.S.Fouda,M.A.Elmorsi,T.Fayed,A.F.Hassan and M.Soltan,"Corrosion Inhibitors Based on 

Antibiotic Derivatives for Protection of Carbon steel Corrosion in Hydrochloric Acid 

Solutions",International Journal of Advanced Research,vol.2,no.4 ,pp.788-807,Jan,2014. 

[33] Mahendra, Y., Sushil, K., Neelam, K.,, Indra B. and Ebenso ,E., E, "Experimental and Theoretical 

Studies on Corrosion Inhibition Effect of Synthesized Benzothiazole Derivatives on Mild Steel in 

15% HCl Solution", Int. J. Electrochem. Sci.,vol.10,no.1,pp602–624,Jan, 2015. 

 

 


