Photocatalytic rejuvenation enabled seHsanitizing, reusable, and
biodegradable masks againsCOVID -19

Qiang Li! Yongchao YiADaxian Cao’ Pengcheng Luahying Wang: Xiao Sun’ Hongli Zhd

!Department of Mechanical anddustrial Engineering, Northeastern University, Boston, MA
02115, USA

2Department of Biology, Northeastern University, Boston, MA 02115, USA

"Corresponding author: Dr. Hongli Zhw:riail: h.zhu@neu.edu

Abstract

Personal protective equipment (PPRigs been highly recommendég the U.S. Centers for
Disease Control and Prevention (CDfoy selfprotectionunder thedisastrousSARSCoV-2
(COVID-19) pandemic. Nevertheless, the massive utilization BPE especially theN95
respiratorsaand singuse masksencountes significantchallengesn recyclingandsterilizing the
used mask To tackle theenvironmental pollution of currelgt usedmask made of synthetic
plastic in this work,we designedh reusable, biodegradable, and antibacterédk Themaskwas
prepared by electrospinning of polyvinyl alcohol (PYAdjoly(ethylene oxide) (PEQ)and
cellulose nanofiber (CNFandwith subsequent esterification attten deposition ohitrogen
dopedTiO2 (N-TiO2). The fabricatedmaskcontainingphotocatalyticN-TiO2 can reach ~100%
sterilizationunderlight source(200-2500nm, 106 Wn?) as0.1 sunsimulationfor only 10min.
Thus, the used mastan be rejuvenatdtirough light irradiatiorand reused, which represeohe
of the handiest technologies for handling used m&skshermoretheintermolecular interactions
between PVA, PEO and CNfahancd electrospimability and thenechanical performance of the
resultant maskTheobtainedmaslks possessuperiomechanical strength (3f@ld elastic modulus
and 2fold tensile strengthigherthan a commerciaingle usenask) Thecomprisecelectrospun
nanofibers with porous structures in betwesnwell as strong electrostatic attractemabled
breathability(83.4L min! of air flow rate)andsuperiorparticle filterability (8.7 %). Therefore,
this novelmaskcould be a great alternative currentmasks to addressing the urgent nésd
sustainable, reusablenvironmentally friendlyand efficienpersonaprotection designs under the
ongoingCOVID-19 contagion.
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Introduction

The continuingCOVID-19is highlyinfectious thathe coronairus couldtransmitviashortrange
aerosolsand respiratory droplets resulting fromneezing coughing and evenspeakingand
breatling.1® As of today, 1 montts after the outbreak of this severe pneumonic dise@®, 2
countries and regions worldwide have reportedG8/ID-19 caseswith a total number o72
million infections, 161 million deaths, and ove480 thousand new cases daflf’hese numbers
are still increasing exponeally. Theinfected people mainly experience fever, fatigue, dry cpugh
and suct> ® however,the transmission angathogenesis oEOVID-19 are still uncertainyet®
Therefore, keepingersonalprotection from the infectiomemainsan urgent and signdant
challenging issue worldwide.
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Before any effective way can be implemented to preventingphead ofcoronavirus, use of
personal protective equipment (PPE) such as surgical or medicalanaskeseping social distance

are stillthe most efficient selprotection fromCOVID-19, as recommended by theS. Center

for Disease Control and Prevention (C¥S well as mangther government£urrentdominant

and mostly used masks are N95 respirator and surgical masks, which contain a thin layer of
polypropylene (PP) melt blown fabritsfilter outthe particles and dropleGenerally, PP fabrics

are charged to mount the negative charges on surface, edndtelp the filtration efficiency of
masksHowever, the N95 respirators are recommended tintiéed to five reusesand the surgical

masks arsuggestedo be changed ewetwo tofour hours, because of the significantlgpleted
efficiency forfiltering bacteria, virus, and other droplétEnormouswaste masksherebyhave

been generated during this pandemibich can induce sexeenvironmental concerns for both
waste plastics and the contaminations produced during incinefatibnAsia, over 2.2 billion

pieces of facial masksreconsumed daily, which is accompanied with around 17 thousand tons
of medical waste every ddy The concerns of environmental dangpreducedby singleuse

masks have beearised in théJnited Kingdomwhere singlause masks would create 66,000 tons

of contaminated waste and 57,000 tons of plastic packaging, if everyone consume one mask each
day for a yeat! More importantly, theusedmaslks from the infected persom®uld cause the risk

of second infectionif they arenot properlyprocessedTherefore handlingof the used masks
represents a significant isstog bothenvironmental pollution of plasti@ndsecond infection.

To addresshesechallengs, we have developed a rejuvenatsirategywith photocatalysis that
cansterilize the bacterigacially by light irradiationfor only 10 min Thelight irradiated mask
thereof can be reused or safeliscardedwhich can save the raw material for mask manufacturing,
leverage mask shortage, hinderslkeond infectiofrom contaminateanasls, andfacilitate waste
mask handlingand environmental impact8esides the reusability, the mask is designed for
synergisically superior biodegradability, mechanical strengtxcellent filterability and
breathability First, instead of using thBP plastic as the raw materialye used inherently
biodegradable polymers of PVAPEO, anda woodderived nanocellulose, which are
environmentally friendlyThe inherent biodegradability diesepolymers can eliminate possible
environmental pollution produced by current mask made of petretlrived synthetic plastics.
Second, we employed eleaspinning technology to fabricate composite fabrics with porous
structures between the nanofibers, which endow the mask with both excellent breathability and
filterability. Third, nanocellulose forsiabundant hydrogen bonding with PVA and PEO, while
PEO rvesas the plasticizein the electrospinning dopeBoth effects can much improve the
electrospinnabilityand mechanical performance of the prepared madkthese designs can
complement each other to fabricate reusable, biodegradableguality, and environmentally
friendly maslsthat aresasy for handling after massive utilization underG@#/ID-19 pandemic.

Results andDiscussion

Circular Designingof photon-rejuvenated, reusable, and biodegradablenask

The massiveonsumptiorof the mask under theCOVID-19 breakouhasrenderedhe shortage

of PP polymersindthedisruption of PP supply chaifi§he global PP market has been anticipated
to growas much a3.09% over last yedr.On the other hand, most masks in current maieh

as N95 respiratsr surgical masks and singlise maskencountesignificantdecline in filtration
efficiency after a short utilizatigmendered their poor reusabilitfhese masksiade of PRhus
aregenerallydiscardedor post handlingwhichhas raised concerns of both second infection and



plastic pollution tahe environmentAs shown in Figure 1, our novel design of the mas&bles
their antibacterial property aright-rejuvenation200-2500nm, 106 Wm?) by photocatalysis so
that the masks can be reused dteral light irradiation.TiO2 has been known as one of the most
efficient photocatalytic semiconductors, as long as its advantages of nontogiusilent
stability, and coseffectiveness. Nevertheless, the high bandgap of ia® limited its absorbance
only in the UV rangé? Doping the nitrogen can reduce the bandgap of @@ thusnhancats
photocatalysis under visible light irradiatibh As a result,N-TiO2 can have an efficient
photocatalysis undelight irradiation. N-TiO2 was thus employed tosterilize pathogens and
rejuvenate the masltor reuse by simply irradiating the mask underliflet for a certain time.

In the meantime, we fabricated the mask with circular design by bswiggradablg@recursor
polymersof PVA and PEO as well asveood-derived nanocellulosistead of synthetic plastics
that are environmentally friendlfhese polymer blends were designed for intimate intermolecular
interactions that can enhance their processibility and the mechanicahgrce of the resultant
mask. We also selected the electrospinning to process polymers for mask manufé€iguireg
1), which is to produce nanomesh with fine nanofibrous and porous structueesilitethe
excellence of mask inothbreathabilityandfilterability. As a result othe selected biodegradable
materials, high surface area from the electrospun nanofibers, photocatalysisjrcaar
designing the produced maskan be concurrently functionalizedbr superior filterability,
breathability, mechanical strengtbelf-sterilization and environmental friendlineséll these
designs could enable an alternative waydioricate and process next generation reusable and
biodegradable masks sustainably
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Figurel. Concepbf functional and structuradlesigning ofreusablemask Biodegradable PVA
PEO and nanocellulosewere electrospun into nanomeshes thate followed by depositing
photocatalytic NTiO>. PVA, PEOand ranocelluloseavith inherent biodegradability were used as
the starting materials that endawr maskenvironmental friendliness; the nanocellulose with
superior mechanical strength serves as a mechanical reinfaeagrofibeistructuresleveloped
by the electrospiring can enable the superior breathability and partfdterability; more



importantly,the N-TiO2 can efficiently rejuvenate the mask by fadight irradiation to kill the
infected bacteria and virus, which make the mask reusable.

Fabrication of masks
To fabricate the mask witBuperiorantibacterial and rejuvenation propertieemmercial P25
TiO2 were dopedising ureas thenitrogensource andthenthedopedN-TiO2 was depositednto
the mask to enable theiphotocatalytic capacityAfter the doping, the color of the TiQvas
changed fromwhite to yellow (Figure 2A). The elementary mapping undescanning
transmission electromicroscope $TEM) confirmed the existence of the doped nitrogethe
N-TiO2. As shown in the Figure 2B, the element of nitrogéong with the elements of both
titanium and oxygendve been determinedhe atomic fractiomf the nitrogen elements in the N
TiO2 wassemiquantitatively analyzed by calculating the peak area odriteegydispersive Xray
spectroscop (EDX). As shown in the FigureZthe ratio otitanium(26.6%)and oxyger{61.2%)
wasmeasuredlose to 12, validated the EDX characterizationthe meanwhile e atom fraction
of the nitrogen was measured at 12, 2monstrang the successful doping of nitrogen in the N
TiO2. The nitrogen dopinghaschange the bandgapof the TiO.. As shown in Figure 2C, TiO
without nitrogen doping displayed stroabsorbancen the UV and near visible light region (320
nm-405 nm). After the nitrogendoping the absorbancesdge wasshifted to 448 nm and
consequenthithe N-TiO2 can significantly absorb visible light§he bandgap energy can be
calculated using thBlancks law:

E=h x3=hc/e= 12416
WhereE is thebandgapenergy(eV), h is the Planck constamtijs the frequency of the light,is
the speed of the lighftns?), a-is the wavelength of thight (nm). The bandyapenergyfor TiO2
wascalculated aB.06eV, which was decreased 2.77 eV for N-TiO2. The mimickinglight (200-
2500hm, 50W)we used was withh.2 % UV light, 37.2% visible light and 8.6% infrared light
(Table S1)therefore, hese results highlighted the photocatalytic activity of tiEG®L underight
irradiationby enhancing the visible light excitation.

Figure2. Nitrogen dopin@f TiO.. A. photoimage of TiQ andnitrogendoped TiQ (N-TiO). B.
STEM image and elemental mapping offiO>. C. UV-vis spectrum of Ti@and NTiOo.
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