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ABSTRACT 
The COVID-19 pandemic highlighted the urgent need for effective personal protective 
equipment, particularly face masks capable of filtering viral particles. This article explores 
the role of chemistry in developing advanced filtration materials, focusing on polymer 
science, electrostatic charging, nanotechnology, and antimicrobial surface treatments. 
Materials such as melt-blown polypropylene, electrospun nanofibers, and biodegradable 
polymers have been engineered to maximize filtration efficiency while maintaining 
breathability and comfort. Additional innovations include hydrophobic coatings, smart 
sensing elements, and antiviral nanomaterials such as graphene derivatives. The study 
underscores the multidisciplinary advances in material chemistry that have enabled rapid 
and scalable mask production to address both health and environmental challenges. 
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1 INTRODUCTION 

The outbreak of the COVID-19 pandemic in late 2019 spurred an urgent global 

demand for personal protective equipment (PPE), particularly face masks. Among the 

most critical aspects of mask design lies the development of materials capable of filtering 

viral particles effectively while maintaining breathability and comfort. The chemistry of 

materials has played a pivotal role in innovating and optimizing the filters used in face 

masks, leveraging both traditional polymer science and advanced nanomaterial 

technologies to enhance their protective capabilities. 

Filtration efficiency in face masks is influenced by several factors, including fiber 

diameter, surface charge, porosity, and electrostatic properties of the material. One of the 

most widely used materials in mask production is polypropylene, a nonwoven 

thermoplastic polymer that exhibits a high degree of filtration efficiency due to its fine fiber 

structure and ability to retain electrostatic charge. The melt-blown method is commonly 

used to produce nonwoven polypropylene layers, which create a dense mesh of fibers 

capable of capturing aerosols through mechanisms such as inertial impaction, diffusion, 

and electrostatic attraction (Liao et al., 2020). These mechanisms are particularly 

effective in trapping respiratory droplets and submicron particles, including those that may 

contain the SARS-CoV-2 virus. 

Electrostatic filtration is a crucial chemical principle in enhancing mask 

performance. During the melt-blowing process, a technique known as corona charging or 

triboelectric charging is employed to impart electrostatic charges to the fibers. These 

charges enable the material to attract and retain oppositely charged particles suspended 

in the air, providing an additional line of defense beyond mechanical filtration. Studies 

have shown that the combination of mechanical and electrostatic filtration significantly 

improves the overall efficiency of the mask, with N95 respirators achieving over 95% 

filtration efficiency for particles as small as 0.3 microns (Qian et al., 1998). 

Recent advancements in material science have explored the incorporation of 

nanofibers and functionalized surfaces to further improve mask performance. Electrospun 

nanofibers, composed of polymers such as polyvinylidene fluoride (PVDF) or 

polyacrylonitrile (PAN), have diameters in the nanometer range and can be engineered 

to create highly porous but tightly packed filter structures. These materials not only 

provide superior particle capture but also allow for better air permeability, addressing the 

common challenge of balancing filtration and breathability. Moreover, surface 
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modification with antimicrobial agents, including silver nanoparticles and quaternary 

ammonium compounds, has been investigated to confer biocidal properties to masks, 

potentially inactivating trapped pathogens on contact (Sportelli et al., 2020). 

In addition to the chemical composition of the mask materials, sustainability and 

reusability have become increasingly important considerations. The environmental 

impact of disposable masks has prompted research into biodegradable polymers and 

washable filter materials. Polylactic acid (PLA), derived from renewable resources such 

as corn starch, has emerged as a promising candidate for eco-friendly mask production. 

Its favorable mechanical properties and biodegradability make it suitable for single-use 

or limited reuse applications, although its filtration efficiency and long-term stability 

require further optimization (Wang et al., 2021). 

In parallel with improving filtration efficiency, researchers have also addressed the 

challenge of maintaining mask performance under conditions of moisture and prolonged 

use. Moisture generated from exhalation can degrade the electrostatic charges on filter 

materials, reducing their ability to capture particles over time. To combat this, hydrophobic 

coatings have been developed using fluorinated compounds and silane-based 

chemistries. These coatings help to repel water and bodily fluids, preserving the 

electrostatic properties of the filter layers and extending the effective use time of the mask 

(Zhao et al., 2020). Additionally, multilayer designs combining hydrophobic outer layers 

with inner moisture-absorbing layers have been employed to enhance wearer comfort 

while maintaining protective functionality. 

Another area of innovation involves the integration of smart materials and 

responsive systems into face masks. For instance, thermochromic and colorimetric 

sensors based on chemical reactions have been embedded into mask materials to 

indicate saturation levels, contamination, or the need for replacement. These sensors rely 

on reversible chemical changes that respond to pH, temperature, or pathogen presence, 

providing users with real-time feedback about mask efficacy. Although still in early stages 

of development, such technologies represent a promising advancement in the 

personalization and safety of PPE (Kang et al., 2021). Furthermore, active filtration 

systems using electrically conductive polymers and embedded microbatteries have been 

tested for their ability to enhance filtration by generating localized electric fields, adding 

an extra layer of protection without significantly increasing breathing resistance. 
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The COVID-19 pandemic also catalyzed cross-disciplinary collaboration in 

material chemistry, microbiology, and textile engineering, resulting in rapid prototyping 

and commercialization of new filter materials. One example is the use of graphene and 

graphene oxide coatings, which possess antiviral properties due to their ability to disrupt 

viral membranes and generate reactive oxygen species under light exposure. Preliminary 

studies have demonstrated that face masks treated with graphene derivatives can 

inactivate SARS-CoV-2 and other respiratory viruses on contact, making them particularly 

suitable for healthcare environments where contamination risks are high (Palmieri et al., 

2021). However, concerns regarding inhalation safety and production scalability of 

graphene-based materials remain under active investigation. 

Figure 1 presents a flowchart summarizing the development process of effective 

face mask materials in response to the COVID-19 pandemic. It begins with the urgent 

demand for protective face coverings and proceeds through critical stages of material 

selection, highlighting options such as melt-blown polypropylene and biodegradable 

polymers like PLA. The chart outlines how these materials contribute to filtration 

efficiency, sustainability, and breathability through mechanisms like electrostatic charging 

and multilayer design. It also incorporates recent innovations, including smart sensors 

and antiviral coatings using nanomaterials such as graphene and silver, leading to the 

production of high-performance, next-generation masks. 
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Figure 1 

Development Process of Advanced Face Mask Materials for COVID-19 Protection 

 

Source: Created by author. 

 

The development of high-performance face masks during the COVID-19 pandemic 

exemplifies the intersection of chemistry, engineering, and public health. The ability to 

manipulate polymer structures, control fiber morphology, and integrate functional 

additives has enabled researchers and manufacturers to create masks that meet 

stringent safety standards while addressing user comfort and environmental concerns. 

As the world prepares for future respiratory outbreaks, continued investment in the 

chemistry of filtration materials will be essential to ensure rapid, scalable, and effective 

responses. 
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