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Abstract:  The influence of expired Temazepam drug on the corrosion of mild steel in 10 % HCl solution was studied with the 
help of weight loss, colorimetry and scanning electron microscopy studies.  The studied inhibitor (Expired Temazepam) exhibits 
a protection efficiency of 96 % at 4 mg/L. The adsorption process is the backbone for the protection of mild steel from the 
aggressive 10 % HCl solution. Colorimetry studies reveal that, the examined expired drug effectively inhibits the weight loss of 
iron content in the mild steel with the help of a strong barrier layer, which is generated on the surface of mild steel. The barrier 
layer effectively isolates the mild steel surface from the 10 % HCl solution. Surface studies by scanning electron microscopy 
confirm that, expired Temazepam drug is a robust inhibitor for the corrosion of mild steel in the studied acid system.  
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I. INTRODUCTION 
The mild steel corrosion in hydrochloric acid solution is often a very dangerous problem in the several industrial installations, it is 
very much essential to moderate this negative phenomenon by the application of organic species as corrosion inhibitors. Several 
corrosion scientists worked together to discover the green corrosion inhibitor to protect the mild steel metallic property against the 
disintegration process [1-2]. The selection of suitable corrosion inhibitors, mainly depends on the formulation as practical 
application in use of various corrosive environments. Organic species are well characterized by heteroatoms (N, P, O and S) and 
distinct functional groups are considered to be an effective corrosion inhibitor to mitigate the mild steel corrosion process. The 
shape and orientation of the organic compound are the decisive parameters in the protection of mild steel metal from the corrosion 
process. The mode of action of organic compounds is generally results from the physical or chemical adsorption proceeds on the 
mild steel surface [3-5]. The process of adsorption mainly depends on the structural property, aromaticity, steric factor, heteroatoms 
and π-electrons, which favor the adsorption of organic compounds on the surface of mild steel surface. For these reason, 
investigation on the corrosion inhibition property and adsorption mode of organic species as corrosion inhibitors appears as a 
dynamic and continuous domain of research [6-9]. Many biologically important organic species exhibit anticorrosion, anti-cancer, 
antibiotic, antiepileptic, and antitumor activities. Nowadays expired drug products are widely used for the prevention metal 
corrosion in the hydrochloric acid system. That's why we selected expired Temazepam. This research paper contributes to the 
corrosion inhibition study of mild steel by expired Temazepam drug in 10 % HCl solution. The chemical structure of Temazepam is 
shown in the Figure 1.  

 
Figure 1: Chemical structure of Temazepam drug 

To carry out present study, we employed weight loss at 313 K (with immersion time of 10, 20, 30 and 40 hours), colorimetry (with 
immersion time of 10 hours) and scanning electron microscopy studies.  
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II. EXPERIMETAL SECTION 
The chemical composition of mild steel was shown in the Table 1. The mild steel strips were cleaned with sand papers and washed 
with acetone. The 1 cm2 of mild steel surface was exposed for weight loss, colorimetry and scanning electron microscopy studies. 
The 10 % HCl solution was prepared by the dilution of analytical grade HCl with elaborated triple distilled water. The expired 
Temazepam drug of 1 mg/L , 2 mg/L, 3 mg/L and 4 mg/L was prepared for chemical and surface studies at specific solution 
temperature. Weight loss technique was performed on the mild steel surface with 10 % HCl solution in the absence and presence of 
1 mg/L, 2 mg/L, 3 mg/L and 4 mg/L of expired Temazepam drug at 313 K with an immersion period of 10, 20 30 and 40 hours. 
Colorimetry experiment was performed with immersion period of 10 hours. The protection efficiency can be evaluated as per the 
procedure stated in our previous investigations [10, 11]. Surface studies of mild steel were carried out by scanning electron 
microscopy technique without and with 4 mg/L of expired Temazepam drug at 10 hours immersion time.  

Table 1 Chemical composition of mild steel 
Element Fe Si S P C Mn 
Wt% (99.03%) 0.1       0.05 0.04 0.18 0.6 

III. RESULTS AND DISCUSSION 
A. Weight loss studies 
Weight loss technique is an appropriate method for the monitoring the effect of organic compound on the metal corrosion process. 
The weight loss results are shown in the Table 1. It is observed from this data that, the introduction of expired Temazepam drug 
decreased the mild steel corrosion rate and enhanced the protection efficiency. The decreased mild steel corrosion rate and enhanced 
protection efficiency are due to the adsorption of expired Temazepam drug on the mild steel-10 % HCl solution interface. The 
highest protection efficiency observed at the concentration of 4 mg/L (96.634 %).  The corrosion inhibition effect is more 
pronounced when the expired Temazepam drug amounts increased from the 1 mg/L to 4 mg/L. These results clearly show that, 
expired Temazepam drug blocks the both cathodic and anodic mild steel active sites with concentration dependent mode. The 
increased concentration of expired drug products greatly decreased the attack of H + or Cl- ions on the mild steel surface. The 
increased immersion time decreases the protection efficiency of the expired Temazepam drug due to the desorption process. At 
higher contact period (more than 10 hours immersion time), greater interaction between the corrosive solution ( 10 % HCl solution ) 
and protective film of an expired Temazepam drug takes place, which weakness the strength  of protective layer over the surface of 
mild steel. As a result of this, low protection efficiency values observed at a higher immersion time (20, 30 and 40 hours).  

Table 1 Weight loss (mass loss) results at 313 K 
Concentration (mg/L) Contact time (h)  Protection (corrosion inhibition) 
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B. Colorimetry 
Colorimetry technique gives information about the film coverage ability of organic corrosion inhibitor on the surface of metal. The 
results obtained from the colorimetry technique are shown in the Table 2. From this table, it is clear that, weight loss of iron content 
in the mild steel is an inverse relationship with concentrations of the expired Temazepam drug (1 mg/L, 2 mg/L, 3 mg/L and 4 
mg/L). This shows that, the increase in the concentration of expired Temazepam drug reduces the weight loss of iron content in the 
mild steel when it is submerged in the 10 % HCl solution. The corrosion inhibition action of expired Temazepam drug was occurred 
by the blocking the active anodic and cathodic sites of mild steel in the 10 % HCl solution, which lead to a reduce in the exposed 
mild steel surface area required for the dissolution process. The results of colorimetry follows the results of weight loss studies. 

Table 2. Colorimetry results 
Concentration (mg/L) Protection (corrosion inhibition) 

efficiency  
 

Bare 
1 
2 
3 
4 

 
 

55.436 
60.116 
83.877 
98.960 

 

C. Scanning Electron Microscopy Technique 
The mild steel surface topography was screened by scanning electron microscopy technique. Figure 2 (a, b) shows the scanning 
electron microscopy topography of mild steel surface. In the absence of expired Temazepam drug, mild steel surface have corrosive 
products and pits, but in the presence of 4 mg/L of expired Temazepam drug, the roughness minimized on the surface of mild steel. 
It clearly shows the formation of barrier layer on the surface of mild steel by which the dissolution rate is reduced in the presence of 
4 mg/L of expired Temazepam drug and diminishes the corrosion reaction.  

 
a)                                                                          b) 

Figure 2 (a, b): a) Unprotected mild steel surface b) Protected mild steel surface 

IV. CONCLUSION 
Expired Temazepam drug found to be good mild steel corrosion inhibitor in 10 % HCl solution.  The protection efficiency rises with 
an increase in the concentration from 1 mg/L to 4 mg/L of expired Temazepam drug and decreases with an increase in the 
immersion time from 10 hours to 40 hours. The corrosion inhibition property of expired Temazepam drug is due to the adsorption 
process. Surface study by scanning electron microscopy technique fully supports the colorimetry and weight loss results. Hence, 
expired Temazepam drug is a robust mild steel inhibitor in 10 % HCl solution and could find promising applications in several 
industrial units.  
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