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Abstract:  The inhibition of copper corrosion by expired Famotidine drug in the 3 M HCl solution was examined through weight 
loss and atomic absorption spectroscopy studies. Weight loss studies show that, the increased in the expired Famotidine drug 
amounts generally enhances the protection efficiency of the corrosion inhibitor. Atomic absorption spectroscopy study indicates 
that, the weight loss of copper metal decreases with a rise in the concentration of the expired Famotidine drug in the 3 M HCl 
solution. The protective film generated on the copper surface in the 3 M HCl solution responsible for the prevention of copper 
metal corrosion in the acidic system. The examined drug may be useful to solve the metal dissolution problem in many industrial 
units.  
Keywords: Expired Famotidine drug, 3 M HCl solution, Weight loss, Atomic absorption  spectroscopy  

I. INTRODUCTION 
Copper metal experience corrosion when it is exposed to the hydrochloric acid system. The copper corrosion destroys the physical 
and chemical property of copper metal. Corrosion inhibitors are species adsorbed physically or chemically or both in electrode-
electrolyte solution, hence blocking the electrode (metal) from coming into contact with aggressive corrosive ions [1-3]. This is due 
to the presence of hetero-atoms (N, O, P and S) in their moieties. The geometry of single inhibitor species has an important effect in 
determining its adsorbability at the electrode-electrolyte solution interface. Molecules having a planar structure tendency to adsorb 
strongly on the surface of metal in the corrosive solution. The choice of eco-friendly corrosion inhibitors utmost important in order 
to prevent the dissolution of metal process without any toxicity to the environment [4-7]. The choice of expired drug species as 
corrosion inhibitors has numerous reasons, because they are ecological and do not contain heavy metals or other toxic species. There 
are many reports shows that, the use of expired drug products as a non-toxic corrosion inhibitor for many metals in the different 
corrosive environments. Hence, nowadays corrosion researchers focused on the exploration cheap and nontoxic corrosion inhibitors 
[8-10]. Therefore, in a current investigation selected, expired Famotidine drug. The expired Famotidine drug is not useful for the 
consumers. The Famotidine drug reduces the stomach acid production. Famotidine drug widely used to treat peptic ulcer disease, 
Zollinger-Ellison syndrome and gastroesophageal reflux disease. The chemical and optimized structure of Famotidine drug shown 
in the Figure 1 (a, b).  

 
Figure 1 (a, b): a) Chemical structure of Famotidine drug, b) Optimized structure of Famotidine drug 

The corrosion inhibition property of expired Famotidine drug on the copper metal in 3 M HCl was carried out by employing weight 
loss (gravimetric) and atomic absorption spectroscopy techniques.  
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II. EXPERIMENT MATERIALS AND METHODS 
Copper metal piece mechanically cut into 5 × 4 × 0.3 cm. The copper piece polished with 1000 grade emery papers in order to get 
metal surface in smooth surface, washed with acetone and double distilled water and finally dried with warm air. The 3 M HCl 
solution prepared with analytical grade of HCl solution. The inhibitor of different concentrations namely 0.1 g/L, 0.2 g/L, 0.3 g/L 
and 0.4 g/L were prepared. Weight loss (gravimetric) technique was carried out with 100 ml of 3 M HCl solution without and with 
0.1 g/L, 0.2 g/L, 0.3 g/L and 0.4 g/L of expired Famotidine drug at an immersion time of 1, 2, 3, and 4 days at 303 K.  
The protection efficiency of expired Famotidine drug was calculated by using the following relation;  

Corrosion inhibition efficiency (%) = ( ୛భି୛మ )
୛భ

 ×100, 

Where, W1= Weight loss of copper metal in the absence of corrosion inhibitor, and W2= Weight loss of copper metal in the presence 
of corrosion inhibitor.    
The atomic absorption spectroscopy (AAS) experiment was carried out on the copper metal in the 3 M HCl solution without and 
with 0.1 g/L, 0.2 g/L, 0.3 g/L and 0.4 g/L of expired Famotidine drug at 303 K.  
The expired Famotidine drug protection efficiency was calculated by following equation;  
                                   Protection efficiency =  ಳషಲಳ  × 100,  
Where, B= Amount of dissolved copper content in the unprotected system and A= Amount of dissolved copper content in protected 
system. 

III. RESULTS AND DISCUSSION 
A. Weight loss (gravimetric) technique  
The weight loss (gravimetric) measurement was carried out by complete immersion of copper electrode in 100 ml of 3 M HCl 
solution without and with 0.1 g/L, 0.2 g/L, 0.3 g/L and 0.4 g/L at 303 K with the aid of thermostatic water bath. The copper 
electrodes are retrieved after the 1, 2, 3, and 4 days immersion time. The experiment was carried out three times and average values 
are reported.  The weight loss results are shown in the Table 1 and Figure 2.  

Table 1 Weight loss results 
Concentration 

(g/L) 
Contact 

time (days) 
Surface Coverage ( 

Ɵ)  
Protection (corrosion 
inhibition) efficiency 

Bare 
0.1 
0.2 
0.3 
0.4 

Bare 
0.1 
0.2 
0.3 
0.4 

Bare 
0.1 
0.2 
0.3 
0.4 

Bare 
0.1 
0.2 
0.3 
0.4 

 

1 
 
 
 
2 
 
 
 
3 
 
 
 
4 
 
 

 

 
0. 844 
0. 865 
0. 936 
0. 947 

 
0. 828 
0. 842 
0. 863 
0. 905 

 
0. 784 
0. 796 
0. 830 
0. 875 

 
          0.760 

0.780 
0. 832 
0. 860 

 

 
84.456 
86.576 
93.654 
94.784 

 
82.845 
84.255 
86.302 
90.541 

 
78.445 
79.675 
83.064 
87.556 

 
76.001 
78.043 
83.200 
86.000 
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Figure 2: Variation of protection efficiency with different contact time 

Weight loss measurement provides a direct report on visual and physical effect of disintegration at the metal-corrosive solution 
interphase in the presence of different amounts of inhibitor. The rate of copper dissolution coupons in protected and unprotected 
system was evaluated by examined by measuring the weight loss of metal during the dissolution process. Careful analysis of weight 
loss results showed that, weight loss of copper decreases with a rise in the concentration of expired Famotidine drug on the copper 
surface in 3 M HCl solution. This behavior clearly shows the formation of a stable protective film on the copper surface in the acid 
system. The stable inhibitive film blocks the attack of hydrochloric acid on the copper surface. The maximum protection efficiency 
observed at 1 day immersion time with 0.4 g/L of expired Famotidine drug. It also observed that, the protection efficiency has an 
inverse relationship with contact time, means the protection efficiency decreases with a rise in the contact time from one day to 4 
days. This nature is due to unstable protective layer on the copper surface in 3 M HCl solution. The stability of protective layer 
decreases with a rise in the contact time from one day to four days. Hence, the copper metal easily exposed to the 3 M HCl solution. 
As a result of this, weight loss of copper metal increases with rise in the contact time from one day to four days. Therefore, copper 
corrosion rate enhances and protection efficiency decreases with a rise in the contact time from one day to 4 days.     

B. Atomic Absorption spectroscopy (AAS) studies 
To support the weight loss (gravimetric) results, the atomic absorption spectroscopy experiment was also carried out at 303 K. In 
weight loss technique, the maximum protection efficiency observed at 1 day immersion time with 0.4 g/L of expired Famotidine 
drug.  Hence, atomic absorption spectroscopy technique was carried out at 303 K with an immersion period of one day. The results 
of atomic absorption spectroscopy (AAS) are shown in the Table 2 and Figure 3. From this, it is clear that, the weight loss of 
copper in the 3 M HCl solution decreases with a rise in the amount of expired Famotidine drug in 3 M HCl solution. The electron 
rich species in the expired Famotidine drug hinder the copper dissolution process by simply blocking the active copper electrode 
sites. Hence, weight loss of copper decreases in the presence of different amounts of expired Famotidine drug. The protection 
efficiency obtained from the weight loss technique is in good agreement with atomic absorption spectroscopy technique [Figure 4].  
 

Table 2. Atomic absorption spectroscopy results 
Concentration 

(g/L) 
Amount of dissolved iron content 

in 3 M HCl solution 
Protection efficiency in 
percentage  

Bare  
0.1  
0.2 
0.3 
0.4 

0.041 
0.020 
0.010 

0.0032 
0.0018 

 
51.219 
75.609 
92.195 
95.609 
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Figure 3:  Variation of protection efficiency with different amount of inhibitor 

 
Figure 4:  Protection efficiency obtained from weight loss and atomic absorption spectroscopy  technique 

 
IV. CONCLUSION 

The involvement of weight loss (gravimetric) and atomic absorption spectroscopy (AAS) technique in the study of corrosion of 
copper in the 3 M HCl solution confirmed the good corrosion inhibitive property of expired Famotidine drug. Results of weight loss 
(gravimetric) technique show that, corrosion protection role of expired Famotidine drug on the copper surface in the 3 M HCl 
solution. The protection efficiency enhances with a rise in the corrosion inhibitor concentration   and decreases with a rise in the 
contact time. The atomic absorption spectroscopy (AAS) results fully support the weight loss results.  
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