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a b s t r a c t 

The uncontrollable outbreak of the novel coronavirus (COVID-19) rapidly affected almost 230 countries 

across the world and territories since last year’2020 and its transmission mainly due to respiratory 

droplets. To fight and protect against micron dimension (~1.4 μm) corona virus the usage of dispos- 

able medical masks is one and only trivial option for patients, doctors, health employers and in fact 

mandatory for kids to senior citizens, as well as public places in a risky environment. Ordinary medical 

masks unable to self-sterilize in order to recycle for other appliances resulting further destroying im- 

pact of societies high economic and environmental costs. To minimize this global pandemic issue this 

proposal explores novel mechanism for further commercialization of surgical mask of photo-thermal and 

self-cleaning functionalization. Indeed, depositing few layer ultra-thin graphene coating onto low-melting 

temperature non-woven mask by tempering a dual mode laser induced mechanism. Incoming aqueous 

droplets are bounced off due the super-hydrophobic states were treated on the mask surface. Superficial 

hydrophobic surface yields an advanced safety towards approaching respiratory droplets. Due to the huge 

absorption coefficient capability of the sunrays activated laser-induced mask may rapidly boost temper- 

ature exceeds 85 ºC under sunlight illumination, causes making the mask reusable after sunlight distilla- 

tion. For SARS/coronavirus/ aerosolized bacteria, laser induced graphene mask is a recent breakthrough 

in superior antibacterial capacity. Furthermore, cost-effective and ultra-thin layered mask formulation re- 

cycled directly utilizes solar-driven desalination with remarkable self-exclusion performance for indelible 

usability. Featured review article, deals with remarkable achievements from forthcoming experimentation 

which may be inspired with layered mask designing by more progressive materials. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Novel outbreak of coronavirus (COVID-19) diseases has vastly 

ffected as well as transmitting in a rapid manner economic and 

uman health worldwide. Amongst few sovereign states, a sym- 

olic degradation of disease affection has been endorsed by uti- 

izing medical masks principle as a filter to contain a virus, bac- 

eria or any infectious agents [1–4] from exhaled breath during 

neezing. Recent investigation advised that a surgical mask could 

ffectively prevent the transmission of infectious virus from symp- 

omatic individuals [ 5 , 6 ]. However, the imprudent use and dis- 

osal of masks pose a high risk of secondary transmission and 

ould imperil the safety response when tenacious pathogens are 
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welling on the masks [7] . Almost masks are designed for one 

ime use, and the filtering layer uses polypropylene, a thermoplas- 

ic that takes last few decades to degrade in a landfill [8] . To miti-

ate the situation, there has been a proposal for the improvement 

f alternative materials to the melt-blown fabric and strategies 

o safely reuse masks [9] . The SARS/COVID could be deactivated 

t 55 °C in 15–20 min also reported by others Scientists group 

 10 , 11 ]. Additionally, in case of safety issues from environmental 

ollution and a shortage of material supply, as well as taking ad- 

antage of the broadband absorption properties of smart material 

raphene [12–14] , that supposed to expose under sunlight steril- 

zation is expected to achieve this temperature without requiring 

 temperature-controlled oven, water/ethanol distillation making 

isinfection of SARS/coronavirus (COVID-19) easier in areas where 

quipment and infrastructure lack. 

https://doi.org/10.1016/j.molstruc.2021.130100
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130100&domain=pdf
mailto:profkpal.nanotech@bol.com.br
https://doi.org/10.1016/j.molstruc.2021.130100
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The micro porous inorganic masks have always been considered 

s competent appliances against environmental threats, as well as 

rotective equipment to preserve the respiratory system against 

he non-desirable air droplets and aerosols such as the viral or 

ollution particles. Therefore, the key challenge is to fabricate the 

ltration masks with higher efficiency to decrease the penetration 

ercentage at the nastiest conditions. To accomplish this ideal con- 

ept, knowledge about the mechanisms of the penetration of the 

erosols through the masks at different effective environmental 

urrounding is essential. We are currently passing in a time when 

OVID-19 pandemic is already causing the infection of more than 

.5 million people and more than 30 0,0 0 0 0 deaths worldwide. In

his circumstance to protect the population, an effective solution is 

ndividual containment; it is the use of a high-performance mask. 

Removal of surgical masks can prohibit respiratory particulate 

atters from entering the lungs, that may assist to trim the risk 

actors are getting affected, alongside proper hygiene with hand 

terilization methods [15–20] . Nonetheless, some constraints of 

ominal standard mask ongoing usages for medical safety pur- 

ose. Firstly, the exteriors of surgical masks are hydrophobic, wa- 

er droplets encompassing terrible viruses can remain on them 

 21 , 22 ]. Secondly, the mask has a low diffusing point; commonly 

ower than 130 °C to 140 °C, so those masks are highly demanding 

o reiterate them even with the sunlight sterilization techniques 

voiding antibacterial coating from the graphene layered mask. 

hirdly, the utilized masks are defined to recycle, due to captur- 

ng viruses/particulate matter might stay in their outlet areas of 

he mask. Transpires in a super hydrophobic state possess self- 

isinfecting can remarkably beneficial for biomedical appliances 

23] . Hydrophobic surfaces with appropriate ultra-thin graphene 

ano-sheets, coating of structures can be super hydrophobic [24] . 

everal last decades, emerging super hydrophobic coatings with 

anostructured surfaces developed rapidly [ 25 , 26–30 ]. Herein, we 

xplore laser-induced graphene (LIG) materials further health pro- 

ection capacity of anti-COVID sunlight sterilized long durable 

asks compared to that of ordinary surgical masks. It’s kind of 

ppreciable as well as essential for front line workers at a higher 

isk of infection; especially from antibacterial laser induced cum 

unlight sterilized graphene mask improves the protection. The 

ristine exteriors of masks with polymer nano-fibers are sooth- 

ng at the nanoscale ordering, beyond super hydrophobic features 

s comparison of antibacterial ability that utilized and illustrat- 

ng different kinds of FE-SEM structures Fig. 1 (a-f) of laser-induced 

raphene [31] , activated carbon fiber and melt-blown fabrics, in- 

egrity to cell structures from several substrates would surmount 

he restriction of smart material inventory masks schematically de- 

icted in Fig. 1 , as well as illustrated ultra-thin layers graphene 

abricated anti-COVID virus protected mask efficiency [32] . 

As per current research inclination of unique interest, there is 

 hardly information concerning these super hydrophobic ingredi- 

nts on sunlight sterilized medical masks firstly reporting to this 

eview article. Indeed, precisely regulating the attention to a near- 

nfrared laser beam, the super hydrophobic and super hydrophilic 

urfaces can be concurrently developed in the hostile section of 

he Polyimide. The culminating membrane controlled significant 

olar steam generation rates and could yield 1.3 kg/m 

2 purified 

ater in an hour undertaken solar illumination [33] . The super 

ydrophilic amulets were also patterned on the super hydropho- 

ic surfaces and could be utilized to capture sweat droplets on 

he human body [34] . Actively deposited laser-induced graphene 

ia continuous wave (CW) forward to transfer (LIFT) exposed a su- 

er hydrophobic state with highly selective permeability oil and 

an manufacture as an oil recycling device, entirely mechanized 

obots [35] . By virtue of photo-thermal properties, laser-induced 

raphene can also be worn as antibacterial coatings. Considering to 

ts admirable super-hydrophobic and photo-thermal pursuance, the 
2 
aser-induced graphene is compatible with roll-to-roll assembly in 

hich latest hygienic medical masks are utilized, due to the high 

rocessing temperatures of CW-LIFT and the low melting point of 

he polymer fibers, directly applying this laser-induced approach to 

on-woven masks are imposing [36] . 

Herein, dual-mode laser-induced graphene fabrication process 

as been developed for actively depositing onto commercial surgi- 

al masks as super-hydrophobic and photo-thermal porous glazing. 

he hygienic capability is enhanced graphene nanostructured coat- 

ngs, with a static contact angle of over 140 °C accomplished. With 

his strong and super-hydrophobic resources, the water droplets 

an freely roll without appending on the mask surface. The surface 

emperature tolerance of the medical mask can quickly elevate to 

ver 80 °C under solar illumination, which can effectively sterilize 

he particulate matters/virus as solar steam propagation rates were 

reater than 1.13 kg/m 

2 /hour under the ferocity of the sunlight. 

dditionally, this mask can be advantageous for solar desalination 

fter antivirus practice. The micro-pores within the mask [ 37 , 38 ] 

roven to have a better salt rejection carrying out as compared to 

olyimide-generated membranes that amplifies its long-term de- 

alination capabilities. 

. Ultra-thin layered graphene nano-fibers synthesis 

echanism 

Two-dimensional (2D) graphene can be patterned by using 

tencils mask and oxygen plasma reactive-ion etching, and sub- 

equent polymer-free direct transfer to flexible substrates. In con- 

unction with the recent evolution of additive and subtractive man- 

facturing techniques such as 3D printing and computer numeri- 

al control milling, we fabricated a simple and scalable graphene 

atterning technique using a stencil mask designed via laser cut- 

er instrumentations. Unique approach to patterning graphene is 

ased on a shadow mask technique that has been employed for 

ontact metal deposition. The stencil masks are easily and rapidly 

anufactured for iterative rapid prototyping. Tremendous attention 

ue to this unique tools and strategies of super-hydrophobic so- 

ar distillation anti-COVID solar mask formulation provides for fab- 

icating ultra-thin nanofibers from a rich variety of micro-porous 

aterials typical Field Emission Scanning Electron Microscopy (FE- 

EM) also displayed in Fig. 2 (a) ultra-thin wide surface range of 

raphene nano-sheets, while the micro-porous structures of hy- 

rophobic surface of graphene sheets mask captured by droplet 

s identified in Fig. 2 (b). Infact, the porous structure obtained 

n Fig. 2 (c), via traditional solvo-chemical assisted route of inor- 

anic graphene fibers. Hence, few layered graphene tilt image as 

hown in Fig. 2 (d). However, the modified grapheme depicted in 

ig. 2 (e), typical micro-porous graphene nano-fibers [38] investi- 

ated in Fig. 2 (f), as well as layered graphene flakes [39] exhibited 

n Fig. 2 (g). Indeed, those are also reusable, enabling cost-effective 

attern replication. 

. Experimental attempts: utilized nanoparticles for mask 

ormulation 

.1. Materials processing 

The nanoparticle emulsion consisted of a mixture of 2 g/L sil- 

er nitrate, 1.5 g/L titanium dioxide, 2 g/L graphene oxide, 2 g/L 

gO, 0.3 g CNTs/graphene etc., were purchased from Sigma Aldrich 

Germany) absolutely 99.9% purity after tasted. The treated fabric 

lements were used to produce the advanced sunlight sterilized 

raphene layered mask. 
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Fig. 1. Schematic diagram of laser induced graphene mask tools and mechanism of working principle for the protection of virus and illustration of the floating laser- 

induced graphene coated micro-porous layered sunlight sterilized mask (a-f) FE-SEM images of three kinds of mask materials showing various viability of E. coli to compare 

the antibacterial performance of laser-induced graphene, activated carbon fiber and melt-blown fabrics, integrity of cell structures. (Copyright © More et al.,2018 Vacuum, 

Elsevier). 

Fig. 2. Typical FE-SEM images of (a) ultra-thin wide surface range of graphene nano-sheets, (b) micro-porous structures of hydrophobic surface of graphene sheets mask 

captured by droplet, (c) porous structure obtained via traditional solvo-chemical assisted route of inorganic graphene fibers, (d) few layers graphene tilt image, (e) modified 

graphene, (f) micro-porous graphene nano-fibers, (Copyright © Clerk et.al., 2007, J. of Collide and Interface Science, Elsevier) and (g) layered graphene flakes, utilized for 

super-hydrophobic solar distillation anti-COVID solar mask formulation.(Copyright © Wang et.al., 2018, American Chemical Society). 
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.2. Laser-induced graphene utilized functional mask formulation 

In this experimental approach, modified polyimide film’s as- 

embly with medical masks were utilized directly after redeem 

ithout healing. It was investigated that our DMG Lasertec 50 laser 

ystem utilized for CW mode scribing of wavelength 1085 nm, 

ower consumption 4 W, scan rate/second 300 mm, and spot 

dentification 30 μm. The donor polyimide coated, ultra-thin film 

as converging by the laser beam. Simultaneously, the laser beam 

canning via CW mode, synthesized graphene flakes deposited to 

he acceptor polyimide, alongside with a 1 mm spacer at the in- 

erval of donor and acceptor. Henceforth, layered graphene in the 

pper polyimide was further cumulated onto the medical mask 

uring low temperature executed by pulse-LIFT by using spacer 

.0 mm, at a wavelength region 1085 nm with power consump- 

ion 0.5 W, employed 13 ns pulse width, at the maintaining speed 

00 mm/second. 

.3. Graphene mask formulation techniques 

‘Graphene’ is known for its anti-bacterial properties, so as early 

s last September,2020 before the outbreak of COVID-19 pan- 

emic globally, producing outperforming masks based on laser- 

nduced graphene already novel breakthroughs in our experi- 

ental laboratory. Throughout enormous efforts of our lab ini- 

iated laser-induced graphene with E. coli , and it achieved high 

nti-bacterial efficiency of about 82%. In comparison, the anti- 

acterial efficiency of activated carbon fiber and melt-blown fab- 

ics, both commonly-used materials in masks, were only 3% and 

% respectively. Experimental outcomes also showed that over 

0% of the E. coli deposited on them remained alive even after 

0 h, while most of the E. coli deposited on the graphene sur- 

ace was dead after 8 h. Moreover, the laser-induced graphene 

xposed a superior anti-bacterial capacity of aerosolized bacte- 

ia. In order to achieve complete killing through airborne parti- 

les of bacteria, sunlight sterilization makes an important role, 

nd higher concentration may be required for graphene coating 

asks. 

Diagrammatically analyzed Fig. 3 , shown that the optical im- 

ge of the laser-induced sunlight sterilized reusable graphene mask 

ools for the chemical modulation layer of the air filtration mech- 

nism [39] , as well as magnesium stearate as the charge enhancer 

s well as air-moisture induced electricity from gradient graphene. 

olerance of inorganic materials is an essential attribute of an- 

imicrobial agents utilized in the hospital environment. In this 

tudy, it was found that the presence of electronically activated 

harged carbon materials had a slight inactivation effect on the 

nti-microbial effect of the nanoparticles. 

The achievements might be related to the damage of bacterial 

ell membranes by graphene’s sharp edge of honeycomb nanos- 

ructures. The bacteria may be killed by dehydration induced by 

he hydrophobic (water-repelling) characteristics of graphene. It 

as well known to all as well declared by the World Health Orga- 

ization (WHO) is that COVID-19 virus would lose its transmission 

f virulent at high temperatures. So, our experimental attempts to 

est if the graphene’s photo-thermal effect (producing heat after 

bsorbing light) can enhance the anti-bacterial effect. The results 

evealed that the anti-bacterial efficiency of the graphene material 

ould be improved to 99.998% within 15–20 min under sunlight 

terilization, while activated carbon fiber and melt-blown fabrics 

nly showed an efficiency of 60% and 90% respectively. The in- 

rganic porous microstructure laser-induced optimized graphene 

asks as depicted in Fig. 3 . The transferred carbon on the sur- 

ace of the pristine white mask thus appeared black color as 

hown in cartoon graphics. So, we may anticipate that the laser- 

nduced graphene masks are reusable as employed “Green synthe- 
4 
is” cost-effective production just one and a half minutes, an area 

f 100 cm ² can be converted graphene as the outer or inner layer 

f the mask. 

The unique attempts firstly report on the anti-microbial ef- 

ect of ultra-thin graphene-coated sunlight sterilized and chemi- 

ally modulated layer masks are promisingly effective against E. 

oli and S. aureus , and those bacteria attached to the surface of 

anoparticle-treated masks were killed completely. Effective inhi- 

ition of micro-organisms present on layered graphene masks are 

tilized as the combination of anti-microbial agents may be of 

alue in preventing the emergence of resistant bacterial strains, as 

ell as for protection of front-line healthcare workers exposed to 

nfectious agents. 

Typical field-emission scanning electron microscopy (FE-SEM), 

xplores the microstructures of the smooth surface of microfibers 

oated materials were investigated, as exhibited in Fig. 4 (a). While 

anowires investigated overall the fiber surfaces, with typical mor- 

hologies were constantly diffused in the range from 100 nm to a 

ew micro-meters orders [Inset of Fig. 4 (a)]. 

Henceforth, metal-organic frameworks (MOFs) based filter are 

n excellent class of porous crystalline materials that are composed 

f transition-metal cations and coordinately bonded multidentate 

norganic linkers. Indeed, tunable porous structures, rich function- 

lities, high porosity as well as efficient thermal stability with the 

OFs hold great promise for important applications as filtration 

aterials [40] . While embedded in polymer fibrous membranes are 

elping to form MOF crystals helps to grow as a light powder form, 

hich firstly explored in the interactions between MOFs and par- 

iculate pollutants. 

It was considered that, the particulate pollutants can be appre- 

ended by the MOF based filters via three techniques: (i) graphene 

nteracting with the functional groups on MOFs and/or polymers, 

ii) binding to the open metal sites on MOFs, and (iii) inter- 

olecular electrostatic interactions with MOF nanocrystals as il- 

ustrated in Fig. 4 (b). Due to the unbalanced metal ions and de- 

ects on the surface, MOFs can offer positive charge to polarize 

he particulate matter (PM) surface, leading to enrich electrostatic 

dsorption of PM pollutants, seems tiny particles with high ef- 

ciency while maintaining air permeability. Accordingly achieve 

igh removal efficiency, thick layers of densely packed micro-fibers 

re needed and air permeability is therefore sacrificed. Recently, 

 variety of novel membrane filters have been developed for PM 

urification with enhanced performance and attractive character- 

stics such as nano-fiber diameters, higher specific surface area, 

ow air resistance, and transparency, while being light and hav- 

ng functionalized active surfaces to capture particles more effi- 

iently by electrostatic forces or chemical bond interactions. Ex- 

erimentally inspired by the promising outcomes, the same group 

urther employed a roll-to-roll hot-pressing methodology for mass 

roduction of MOF-based filters on various commercially available 

raphene like stretchable substrates, e.g., metal mesh, glass cloth, 

lastic mesh, melamine foam and non-woven fabric [41] as in- 

estigated in Fig. 4 (c). So, finally we may predict that the fab- 

icated MOF based graphene mask demonstrated a brilliant per- 

ormance for the particulate matter removal activate under cer- 

ain range of temperatures 80 °−300 °C as well as sunlight rays 

terilization. 

Furthermore, phonon vibration modes were investigated via Ra- 

an spectroscopy to confirm the chemical compositions are pre- 

ented into the prepare nano-flakes, as illustrated in Fig. 4 (d), 

wo significant graphene peaks. It’s novel mechanism of graphene 

ask really beneficial for indelible usability without apparent 

fficiency loss by employing tap water or ethanol spray (san- 

tizer), which is quite promising for application in residen- 

ial anti-COVID controlling via cost-effective sunlight sterilization 

rocess. 
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Fig. 3. Optical image of the laser-induced sunlight sterilized reusable graphene mask, schematics of the chemical modulation layer of the air filtration mechanism, an 

electret filter consists of carbon charged particles attributes as ultra-thin layered surface matrix and magnesium stearate as the charge enhancer as well as air-moisture 

induced electricity from gradient graphene.(Copyright © Ming Hui Chua et al. 2020, Exclusive Licensee Science and Technology Review Publishing House). 

Fig. 4. (a). Typical FE-SEM image of the graphene-coated, ultra-thin non-woven nanofibers within the surgical mask (resolution scale bar 20 nm), (b) schematic illustration 

of the surface of metal organic frameworks/graphene nanofibres, (c) roll-to-roll hot-pressing tools and mechanism on MOF-filters based flexible graphene fibers production 

for the prevention of virus/particulate matters/pollutants (Inset), (d) Raman spectram of the ultra-thin layered graphene-coated mask alignment, and (e) advanced-generation 

laser induced graphene production schemes are adaptable with a roll-to-roll illustration. (Copyright © Ming Hui Chua et al. 2020, Exclusive Licensee Science and Technology 

Review Publishing House). 
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Fig. 5. Internal geometrical studies and working principle of layered musk formulation and inhalation mechanism further effectively protected from SARS/COVID-19 virus, 

pathogens etc. 
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. Results and discussions 

Furthermore, elaborate experimental roadmap of the polyimide 

lm is the primary designed and laser-induced graphene from 

he bottom to the top polyimide thin-film layers by using a CW 

ode laser. Hence, the relocated graphene is lifted to the sec- 

nd laser adopting a pulse mode, which further transfers the fab- 

icated ultra-thin layered graphene onto the mask exteriors. The 

ctual momentum of the photons is exploited as kinetic energy 

o transfer the graphene due to applied 10 ns pulse [42] . How- 

ver, the layered graphene can be laminated onto the medical 

ask without damaging its surfaces at sufficiently low temper- 

ture. Inspired by the promising research outcomes, the same 

roup further employed a roll-to-roll hot-pressing tools and tech- 

iques for mass production of metal organic frameworks (MOF)- 

ased filters on various commercially available flexible substrates 

ased filter for virus, particulate matters or air pollutants as ex- 

lored in the Fig 4 (a) FE-SEM image of the graphene-coated, ultra- 

hin non-woven nanofibers within the surgical mask (resolution 

cale bar 20 nm), while Fig 4 (b) depicted the schematic illustra- 

ion of the surface of metal organic frameworks/graphene nanofi- 

res [39] . However, the roll-to-roll hot-pressing tools and mech- 

nism on MOF-filters based flexible graphene fibers as shown in 

ig 4 (c) production for the prevention of virus/particulate mat- 

ers/pollutants (Inset of Fig. 4 (c)). Raman spectrum of the ultra- 

hin layered graphene-coated mask alignment explored in Fig. 4 (d). 

owever, the top-generation laser-induced scheme is also compat- 

ble with a roll-to-roll system may be readily integrated within the 

xisting ordinary mask yielding elongation lines, as schematically 

isplayed to Fig. 4 (e). 

. Exclusive performance of commercialize 3-layed graphene 

ask 

Typically 3-layered graphene mask is made up of non-woven 

abric with each layer having specific functions. This cost-effective 

raphene mask further elucidated the supplementation of the air- 

orne transmission to the CORONA virus (COVID-19) epidemic 

y analyzing the direction and extenuation during this pandemic 

lobally considering the virus transmission passages as show in 

ig. 5 . Reusable and sunlight sterilized layered graphene mask cov- 

ring forbids both airborne transmission by hindering atomization 
6 
nd inhalation of virus-bearing aerosols and direct communication 

y preventing viral shedding or droplets. The outermost layer (typ- 

cally blue) is waterproof and helps to repel fluids such as mu- 

osalivary droplets [39] . The middle piece is the filter, which pre- 

ents particles or pathogens above a certain size from penetrat- 

ng in either direction. The innermost layer is made of absorbent 

aterials to trap mucosalivary droplets from the user. This layer 

lso absorbs the moisture from exhaled air, thus improving com- 

ort. Together, these 3-layers effectively protect both the user and 

he surrounding people by limiting the penetration of particles and 

athogens in both directions. As suggested by its name, non-woven 

abric does not contain intertwining strands and is made by bond- 

ng a mass of fibers together using heat, chemical, or mechanical 

eans. ’Felt’ is one of the most common examples of non-woven 

abric. Although non-woven fabric is mechanically weaker than its 

ounterpart, it is cheap and fast to manufacture. Therefore, it is an 

deal material of the surgical mask. The two most common meth- 

ds of making non-woven fabric for surgical mask are spun bond 

nd melt-blown. Meanwhile, the technical emergence of incorpo- 

ating functional graphene nanosheets designed optical image of 

he laser-induced and sunlight sterilized reusable graphene mask 

nternal working principle as displayed in Fig. 5 . 

. Conclusions, outlook and future prospects 

Summering as a whole, couple-mode laser-induced mechanism 

or supplemental dispersing few-layer graphene on sunlight sensi- 

ized cost-effective advanced generation surgical mask is sighted, 

omparable to low capacity commercial surgical masks are insuffi- 

ient to destroy the contained bacteria on the surface. As a conse- 

uence over the 90% of bacteria remain prolifeative even after 8–

0 h. Additionally, these low impact surgical masks might not be 

eliable to contain the global pandemic or even the epidemic when 

 highly transmissive coronavirus and fatal disease breaks out. Si- 

ultaneously, the anti-COVID filtration properties of this sunlight 

terilized laser induced graphene layered masks are immensely re- 

iant on the commercial utilization. Admitting significant antibac- 

erial coating performance already proven of photo-thermal and 

uper hydrophobicity CW-LIFT graphene across particulate matter, 

. coli , virus protection. Meanwhile, more advanced mechanism 

ith super hydrophobic and photo-thermal techniques are likely 

o expose for derivates into next generation temperature-sensitize 
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ovel designing mask formulation, the expansion to nanofibers 

n the electrical shielded masks by spray coating on the super- 

ydrophobic pristine masks. 

Hence, the progress on typical research is critically desired to 

ssess the transformation, transmission, and dispersion of virus- 

earing aerosols from human atomization under different envi- 

onmental conditions. So far, the related impacts on virus infec- 

ivity by the moderation of sunlight sterilized reusable graphene 

ask. Although it’s equally important to understand human atom- 

zation of airborne viruses. It is also essential to evaluate the at- 

ainment of cost-effective anti-COVID graphene mask to quantify 

he efficiency to filtrate airborne viruses relevant to human atom- 

zation and inhalation. Our novel implementations of anti-COVID 

raphene mask formulation that definitely will prevent highly vir- 

lent corona virus through airborne transmission route. More ex- 

lusive moderation of these mechanisms may also require an inter- 

isciplinary effort. 

In contrast with latest technique, the intrinsic and photother- 

ally enhanced antibacterial activity of our laser induced graphene 

aterials to improve the safety from infectious viral, which can 

nsure the protection of the masks. The dangerous SARS/COVID- 

9 viruses were proclaimed to deactivate at increased tempera- 

ure, which can be attained by laser-induced graphene mask un- 

er several minutes in sun rays. In spite of that, future laboratory 

nd clinical assessment of infectious species in a broader ambi- 

nce will bring more wisdom. As well as we may anticipate that 

ur concerns on the viability of infectious agents and investigated 

roposed novel tool will be beneficial for the society amongst a 

isease outbreak. Henceforth, this high surface recycled graphene- 

ayered mask supporting solar illumination can be disinfected sur- 

ace viruses of the mask, as well as also it can perform as solar 

team propagation devices via salt-rejection excellence for long- 

asting durability. Also, it can be predicted the sophisticated pur- 

uance will be carried out from future attempts, that can be in- 

uenced by this implemented discoveries in the next generation 

ealthcare mask formulation by leading-edge materials. 
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