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A B S T R A C T

The COVID-19 pandemic has led to a surplus of expired pharmaceuticals, such as Remdesivir, posing environmental challenges. This study innovatively repurposes 
expired Remdesivir as a highly effective sustainable anti-corrosion agent for St12 mild steel in a 1 M HCl environment. Experimental and computational analyses 
reveal that Remdesivir’s molecular structure, featuring nitrogen and oxygen heteroatoms and multiple benzene rings, enables strong chemisorption on the steel 
surface, forming a dense protective layer. At an optimal concentration of 1000 ppm, Remdesivir achieves over 97 % corrosion inhibition efficiency. Molecular 
dynamics simulations confirm a spontaneous and stable interaction, with binding energies of − 205.69 kcal/mol (gaseous phase) and − 144.314 kcal/mol (solvated 
phase), highlighting its durable protective capabilities. This work not only offers an eco-friendly solution for managing expired drugs but also demonstrates their 
potential to enhance the longevity of metallic structures in corrosive environments, combining environmental sustainability with industrial applicability.

Introduction

After the discovery of effective vaccines against COVID-19 and the 
subsequent reduction in disease-related deaths in 2021, the environ
mental impact of the massive quantities of medical waste generated, 
including expired drugs used to treat the illness, has become a growing 
concern [1–3]. Remdesivir, an antiviral drug initially developed to treat 
Ebola virus infections, has shown efficacy in reducing the severity of 
symptoms and accelerating recovery in hospitalized COVID-19 patients 
[2,3]. As a nucleotide analog, Remdesivir mimics RNA building blocks, 
interfering with viral replication by causing errors in the RNA strand, 
thereby preventing the virus from producing more copies of itself [4,5]. 
Clinical trials have demonstrated its ability to shorten recovery time and 
reduce the risk of severe disease progression in hospitalized patients, 
although it is not a cure for COVID-19 [6,7]. However, like all medi
cations, Remdesivir has a limited shelf life and can expire if not used 
within a specific timeframe [8–10].

Improper disposal of expired drugs, such as Remdesivir, can lead to 
significant environmental risks. These medications may leach into water 
sources, contaminate soil, and harm wildlife [11,12]. Moreover, 

improper disposal can contribute to the development of antibiotic- 
resistant bacteria and other harmful pathogens, exacerbating public 
health challenges [13,14]. In the context of COVID-19 treatments, the 
large volume of medications used—and potentially expired—further 
amplifies these environmental concerns. Hospitals and healthcare fa
cilities, often under immense pressure to treat patients, may lack the 
necessary resources or protocols to ensure proper disposal of expired 
medications. To mitigate these risks, it is essential for healthcare facil
ities and pharmaceutical companies to adopt and enforce effective waste 
management practices [15].

Expired drugs have been demonstrated to be effective corrosion in
hibitors for metals and alloys [16]. The chemical structure of Remde
sivir, featuring various heteroatoms, multiple bonds, and benzene rings, 
makes it a promising candidate for use as a sustainable anti-corrosion 
agent (SAA) for metals immersed in corrosive media [17,18]. SAAs are 
substances that, when added to a corrosive environment, can slow down 
or prevent metal deterioration [19,20]. The heteroatoms in Remdesivir 
enable the formation of coordination complexes with Fe ions, effectively 
inhibiting corrosion by creating a dense protective layer on the metal 
surface [21,22]. Moreover, the multiple bonds and benzene rings in 
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