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ABSTRACT:N95 decontamination protocols and KN95 respirators have , 70 °C treatment
been described as solutions to a lack of personal protective equip f/'l i

However, there are a few material science studies that characterize th@ Vr\‘
distribution and physical changes accompanying disinfection treag
particularly heating. Here, we report ttration e ciency, dipole chargé&™ [l
density, andber integrity of N95 and KN95 respirators before and after
various decontamination methods. We found thatehéayers in N95 and  outerFitter

95
KNS5

KN95 respirators maintained thdier integrity without any deformations [Nt ) “ioes
during disinfection. Thdter layers of N95 respirators were 8-fold thicREHMES! N
and had 2-fold higher dipole charge density than that of KN95 respifa{osih S
Emergency Use Authorization (EUA)-approved KN95 respirators showenis :!_3..;5.0:’10

Time (Minutes)

Dipole charge density(uC/m?) Filtration efficiency (%)

Itration e ciencies as high as N95 respirators. Interestingly, although there
was a signtant drop in the dipole charge in both respirators during
decontamination, there was no remarkable decreaseltiratios e ciencies due to mechanidaiation. Cotton and polyester

face masks had a low#ration e ciency and lower dipole charge. In conclusion, a loss of electrostatic charge does not directly

correlate to the decreased performance of either respirator.
KEYWORDS:dry-heat, N95 decontamination, sterilization, personal protective equipment (PPE), COVID-19

INTRODUCTION bers are bound together in a random arrangement; thus, the

The ongoing Coronavirus Disease 2019 (COVID-lQ)'nhaled particles interact with thers and adhere eiently’

pandemic has had a major impact on human health aanere, we focused on PP, a common material used for the

society with a mortality rate apparently higher than that Ofrtgrt\lfflig?(rel;] rg:]a?nﬁzl?:ltrl?rtiﬂ;ﬁﬁggéggggl?(?r?ggrir::qaetlitr-]zkr)]\glnnvgoven
in uenza.COVID-19 results from the severe acute resplratorgp fabri¢ Since the diameter of the spun-bond (B8} is

syndrome coronavirus 2 (SARS-CoV-2) infection in which th 12
spike (S) protein on the SARS-CoV-2 plays a key role i%rger than that of melt-blown (MBber,” SB bers have
een used as the outer or inner layer of the respirators to

mediating viral entry into the human“&he main routes of ovide mechanical support for other Iajei& bers have a

transmission between humans are likely aerosols and troplets;
When an infected person coughs, sneezes, or speaks, the surface area per mass gyt Ie_ast 10-fold Iarge_r than
bers (0.2 rfig), and play an important role in the

is excreted and dissolved droplets (>5 tom)Oor aerosols liration performandd. In addition to its high packing

(/5 m) that can remain and travel in the*air. sity, an electrostatield applied during the MB
N95 respirators have been used to protect wearers agaiﬂgp y, a . PP ng -
nufacturing process induces electrostatic charges within

such viral aerosols and droplets. They have at least 9595 516 ~pai . .
ltration e ciency for NaCl particles sizedS0.B m with nonwoven MBbers.>™® This eld gives the MB microers

- : : ; : .__dipole charges on their surfaces, thus improvingltizion
even higher Itration e ciency at higher particle size e : .
(approxir?wately 99 5% or hig)r/1er for 90.75 ?)articlesﬁ. e ciencie$’® Therefore, the degree of packing density and

Hence, N95 respiratorses excellent protection when they thellnduced electrostatic cggrge determine Hnation
are sealed tightly over the face. Filter fabrics are made of nyI‘Sn,CIenCy of nonwoven PP fabric.
cotton, polyester (PE), and polypropylene (RBjion lters
have good resistance to rubbing, and cothems are  Received: September 28, 2020
environmentally friendly. PEers oer good acid-resistance Accepted: November 18, 2020
and excellent durability against elevated temperatures up to

150°C2 PP lters are the lightest among the synthetic fabrics

and have good resistance to acids and alKalisvoven PP

fabric is composed of randobmous webs in which individual
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Filter

Shortages of personal protective equipment (PPE) such
N95 respirators for healthcare workers have been wide
reported, especially at the beginning of the parfdemic.
Unapproved N95 respirators can cause additional® risks
Thus, a variety of decontamination methods have been studi
to reuse N95 respirators: vaporized hydrogen peroxide (VHF
70 °C dry-heat, ultraviolet light (UV), and 70% ethanol have
all been described to inactivate SARS—éE?\?f"?AIthour%h
the VHP method is a well-known sterilization techridlogy
that hazlg been approved by Food and Drug Administratio
(FDA),”” it needs complicated equipment and a trained i ——
technician. The ethanol method can damage N95 respiratcc 5“““1&
after the rst cycle of decontamination, and UV-radiation has ‘\?\ @ .
limited penetration through the multiple layers of the § ,;a»@‘* e
respiratof” Hence, dry-heat has emerged as a simgtéye, mk\%ﬁ =

and low-cost decontamination meth@d; it uniformly

Arrg

Inner  Filter  Outer 1',‘

D Respirator Model Structure Dipole charge density (uC/m?)

disinfects respirators with good scalabilipwever, under- B Spunbond [ ayer | e ayer | Over e
. . . . : Melt-blown
standing of the physical and electrostatic changes induced ETETe) 0271015 |2187E146 | 023008
heat treatment remains incomplete. N95 | NIOSH-approved [aaweio | SBMB-SB [ Toovsouz | zraes1os | oorsoor
Hence, we evaluated theee of decontamination on the Sameen 0082010 | 120258 | fotx00m

respirators and include a special emphasis on KN95 r(':'Sp'ratl‘—lllésure 1. Structural components and charge distribution in N95

as potential alternatives to N95 respirators with theifogyiaiors (A) 1: 3M 1860, 2: 3M 8210, and 3: 3M 8511. Red-
perforgg%r;gseoafmd material science properties. Receffied circles and red arrows indicate the part where the mask was
works?>*#28393 focused nearly exclusively on the performyemoved for analysis. (B) N95 respirators have ittegrand outer

ance of the respirators, i.e., thisiation performance. Here, layers. Thelter layer occupies a large portion of the entire thickness.
we carefully studied botltration e ciency and dipole charge (C) Filter layer has the smallest pore-area size (3M 1860) compared
density. Charge density is related to electrostedtoon but to the inner and the outer layers. 3M 8210 and 3M 8511 are shown in
has not yet been investigated during decontamination. We afgeure S4AD) Most of the dipole charges are imposed onltire

investigated ber integrities of N95 and KN95 respirators layer and cer electrostaticltration. The average dipole charge

before and after dry-heat decontamination density was calculated frome replicate measurements ae
' di erent points on the sample.

RESULT AND DISCUSSION

Structural Components of N95 and KN95 Respira-
tors. N95 respirator is dtering facepiece respirator (FFR)  Importantly, KN95 respirators had a supplementary layer
that meets the U.S. National Institute for Occupational Safebetween the lter and the inner layers, i.e., the so-called
and Health (NIOSH) classiation with at least 95%ration “cotton layeroccupying 70% of the respiré?dﬁriorv work
e ciency. The 3M 1860, 8210, and 8511 are the most populahowed that bers in the cotton layer have a Serll
N95 models used in the hospitals, and they have thresructure Figure S1Bin which the outer shell was made of
structural components: outelter, and inner layersifure 95% cellulose and 0.6% natural*vaere, we used SEM to
1A). Figure B shows that the thickness of ther layer was = measure theber diameters in the outefter, cotton, and
3-fold thicker than the outer or inner layers and consisted @fner layers: 26.0f 3.63, 3.23 1.28, 22.9% 4.12, and
more than 50% of the entire layer thickngskl¢ S). The 31.07+ 2.10 m, respectivelyF{gure S1B The lter layer

ber diameters of the outelter, and inner layers were 27.07 had the smallest pore-area siigute Z). Likewise, the
+ 3.64,2.72 0.95, and 24.465.18 m, respectively-{gure dipole charge density of theer layer was 8 times higher than
S1A. Therefore, thelter layer had good mechanidimétion: that of other layers-{gure D). Hence, lter layers in both
smaller bers lead to smaller pore-area"sig@gure C). N95 and KN95 respirators play an important role in
Furthermore, the dipole charge density imposed ofteghe  mechanical and electrostatiration.
layer was 20-fold larger than the outer and inner layers leadingn addition to N95 and KN95 respirators, we also
to major electrostatidtration (Figure D). investigated cotton, polyester, and surgical masks, which are

KN95 respirators follow the Chinese standa@sme of  more easily accessible to the publigufe S2A,9BSurgical
these have simildtration performance as the N95 respirator masks are made of three-layered fabrics includintjethe
but are not NIOSH approved. During the COVID-19 layer. Cotton and polyester masks are composed of two-
pandemic, the FDA issued an umbrella Emergency Ussyered fabrics. Surgical masks had 15% Idwadion
Authorization (EUA) for KN95 respirators in response toe ciency than N95 respirators. Cotton and polyester cloth
concerns associated with an imsent supply of N95 masks had 70% lowdtration e ciency than N95 respirators
respirators. We selected fouretdnt brands of commonly (Figure S2 Surgical masks had some dipole charge on the
available KN95 respirators including the respirators approvelter layer, whereas cotton and polyester masks had no dipole
by the EUA of FDA Kigure A). KN95 respirators are charge figure S2p Heat treatment did not markedlyeet
composed of four layers: outdter, cotton, and inner layers the ltration e ciencies of surgical, cotton, and polyester
(Figure B). The lIter layer of KN95 respirators is at least 8-masks due to their low baseline valtégule S22 The
fold thinner than that of N95 respirators. Less than 20% of thetration e ciencies seen here are consistent with priof Wwork.
total respirator thickness is due to ther layer in KN95  All of these materials provide the wearer with some barrier to
respiratorsTable S). transmissiofr
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33: Spun-oond Inner layer | Cotton layer | Filter layer | Outer layer <
CT. Cotton
P R 1244015 | 013£001 | 8754329 | 1884046 Figure 3 Filtration e ciency and pore-area size of ttez layer. (A)
KNGS |7 [2Fonecom | gp yg.cT-gp | [0£00| 001391 | 99943 | 0452012 Filtration e ciencies with and without thiker layer. The error bars
NonEUA 3. SupplyAID | (Outer-filter-cotton-inner) | 1.24 + 0.13 | 0.02 + 0.01 1649 +£349 | 1.06 £0.18 represent the Standard dev|at|omefmeasurements 3M 1860 and
approved | 4. Yomasi 141+£031|0.01+0004 | 451+129 265+047

3M 8210 are N95 respirators. Decopro (EUA-approved) and
Figure 2.Structural components and charge distribution in KN95SUPPIYAID (non-EUA-approved) are KN95 respirators. (B) Scanning
respirators. (A) 1: Decopro, 2: Powecom, 3: SupplyAID, and £electron microscopy (SEM) images show that KN95_resp|rat0rs have
Yomasi. The Decopro and Powecom are EUA-approved kNg 10-fold smaller pore-area size than N95 respiratdfs)(seeSp
respirators. Red-dotted circles and red arrows indicate the area of fleScale bars represent 160 The error bars represent the standard
mask that was removed for analysis. (B) KN95 respirators have inrf&Viation of 20 measurements.
cotton, Iter, and outer layers. (C) Filter layer has the smallest pore- o ]
area size than the other layers (Yomasi). Decopro, Powecom, d#ide to charge dissipation at high temperatures. We also found
SupplyAlD are shown fifigure S4B(D) Most of the dipole charges some structural instabilities when heated at°@50For
are imposed on thdter layer and @r electrostaticltration. The example, the inner layer of N95 respirators began to melt,
average dipole charge density was calculated vieomeplicate  |eading to ber linkages with othebers nearbyFigure Sp
measurements ore di erent points on the sample. The outer layer of KN95 respirators fractured, and balloon-
shaped ber expansions occurred in the cotton layer of KN95
As a control, we also measured lthation e ciencies with  respiratorsKigure S)i However, thelter layers of N95 and
and without thelter layer in N95 and KN95 respirators. The KN95 respirators had no structural deformations because the
Itration e ciencies in both respirators were less than 5%lter layers were made of Miers, which have high resistance
without the lter layers 90% of ltration e ciencies came to high temperaturé.Those structural instabilities occurring
from the lter layersKigure 3). This result indicated that the at 150°C demonstrated that 7Q was a suitable temperature
major function of the other layers is to protect ltee layer for the dry-heat method.
and to remove macroscopic particles. Interestinglytethe Filtration E ciency and Dipole Charge Density After
layers in EUA-approved KN95 respirators had sittmééion Heat Treatment. We measured thdtration e ciency and
e ciencies as the N95 respirators despite being thinner adibole charge density of N95 and KN95 respirators after 70
having lower dipole charge densities. This might be becaws®sl 150°C treatments to evaluate the@ of dipole charge
EUA-approved KN95 respirators had a 10-fold smaller pordensity on theltration e ciency. Although the dipole charge
area size than N95 respiratérig)(re B); smaller pore-area density of the three dirent N95 respirators decreased after
size can trap more particiés. heat treatments-{gure B,D,F), there was no sigrant drop
Respirator Heat Treatment.Particle capture includes in the ltration e cienciesKigure &,C,E) becausdtration
mechanisms such as interception, physical sieving, inerdakiency was alsoexted by mechanicdtration. Mechan-
separation, dission, and electrostatic attractiot. These ical ltration is based on inertia impaction, interception, and
steps can remove airborne particles on the various layersdofusion; these are not markedlygnced by the chargdn
N95 and KN95 respiratoriSigure Sp The National Institute  addition, the increase iltration e ciency due to electrostatic
of Health (NIH) has validated ?C treatment to inactivate attraction is most sigeant for $100 nm particle,
SARS-CoV-Z:° Therefore, N95 and KN95 respirators wereillustrating that Itration e ciency depends on the particle
heat-treated in the oven for three cycles (30 min/cycle) at 76ize and airow:™*
°C. We also conducted 18Q treatment to evaluate the Particle size is a key consideration. As a model, we used a lit
impact of extreme heating conditions on the materiatandle to producene particles of black carbon in the air for
properties as a positive contfogjure A,B shows theber measuringltration e ciency. The geometrical mean diameter
integrity of each layer in N95 and KN95 respirators after 6(GMD) obtained from the steady burning of candles is around
min of 70 and 156C treatments. Particles captured on the 20530 nm with the larger sizes up to about 150 nm because of
outer layer were removed by °TD heat treatmentH{gure aggregatiotf*> We also took SEM images of N95 samples
4A). This might be because of a loss of electrical entrapmeatfter the Itration test to measure the particle size attached on
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Figure 5. Filtration e ciency and dipole charge density of N95
Figure 4.Fiber integrity of N95 (3M 1860) and KN95 (Yomasi) respirators during heat treatment. Filtrationiency of (A) 3M
respirators. (A) Red arrows indicate that the particles attached on th860, (C) 3M 8210, and (E) 3M 8511. Dipole charge density of (B)
outer layer of 3M 1860 are removed after heat treatmenttéthe  3M 1860, (D) 3M 8210, and (F) 3M 8511. Dipole charge density
layer has no structural changes, while the inner layer begins to nfigtcreases during heat treatments, but there is no remarkable drop in
when heated at 13C (yellow arrow). 3M 8210 and 3M 8511 show ltration e ciency. The error bars represent the standard deviation of
similar results (séégure S6A (B) Filter layer of Yomasi has no  ve measurements.
structural deformation; however, a fracture in the outer layer (green
arrows) and balloon-shapdxr expansion in the cotton layer (blue ) . .
arrow) occur when heated at 1%D. Decopro, Powecom, and Created hybrid structures that might be acttwe way to
SupplyAID show similar results (Bagire S6B leverage mechanical and electrostatgion’
The dipole charge densities of N95 and KN95 respirators
dropped by at least 50% during thet cycle of heat
the bers. Large particlesS(E) m in diameter) and small treatment. This charge loss might be because a higher initial
particles (31000 nm in diameter) were attached on the outerdipole charge density induces higher inner electidal
Iter, and inner layerBigure Sp Hence, mechanicdiration which results in a faster decay rate of dipole charge
allowed N95 respirators to retain thdiration e ciencies  density"™*® A subsequent decrease in the dipole charge
despite a loss of dipole charge during decontamination.  density occurred after each cycle of heat treatment for two
The ltration e ciencies of N95 respirators remained overreasons. First, the dipolar charges in the polymer material
95% after each cycle of 7G treatment, while KN95 depend on steady-state trapping/detrapping. The detrapping
respirators varied from 80 to 97%. EUA-approved and nonee cient of electrons and holes is describe® as
EUA-approved KN95 respirators had at least a 16géndie v exp@w kgT), wherev is the attempt to escape frequency
in their Itration e cienciesKigure &,G). This indicated that andw s the detrapping barrféWith increasing temperature
not all KN95 respirators are suitable alternatives to N9BT), trapped electrons and holes are more easily detrapped.
respirators. KN95 respirators had similar behavior as N®econd, charge transport at the interface between the solid
respirators. There was a decrease in dipole charge density gftdymer and the air at the boundary follows the Schottky law,
heat treatments, but thitration e ciency remained relatively which indicates that charge dissipaties become larger at
constant Figure 3. higher temperaturé§?®
The lter layer of N95 respirators had not only an 8-fold Humidity can be a natural conductor to facilitate dipole
thicker thickness but also 2-fold higher dipole charge densitycitarge dissipatiéﬁ.‘l’hqs, the dipole charge density of N95
baseline than that of KN95 respirators. Nevertheless, somespirators decreaseds80% after D, treatment Eigure
KN95 respirators showeltkation e ciencies as high as N95 7A). However, there was no sigant drop in the Itration
respirators igures Zand 6A,E). This might be because of e ciency Figure B). To minimize the ect of electrostatic
their small pore-area size of tHeer layer and their attraction, we used isopropanol (IPA) to remove nearly all
supplementary cotton layer. Cotton, natural silk, anshchi dipole chargé3in the lter layer Figure T) and measured
were found to provide good protection across the 10 nm to #he Itration e ciency. The Itration e ciencies of N95
m particulateS. Furthermore, combining cotton layers respirators after IPA treatment decreased aBaG8& after
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the lItration performance. In addition, there was no structural
damage on theber integrity of the lter layer, and no
thickness shrinkage occurred during the IPA drying process in
the Iter layers of N95Hgure SBand KN95 Figure Sp
Charge-free N95 respirators still show&bB% Itration

e ciency due to mechanicltation (Figure D).

CONCLUSIONS

At the early stages of the COVID-19 pandemic, it was unclear
if the global supply chain would be able to adequately respond
to the surging demand for PPE. This lack of supply motivated
these studies into PPE reuse. In this study, we investigated
three N95 respirators, four KN95 respirators, and commonly
available commercial masks including the impact of heat-based
treatment. We compared their baseline features as well as their
physical Itration properties after disinfection via the dry-heat
method. Filtration eciencies of N95 and KN95 respirators
remained relatively constant aftétZ@eat treatments. Upon
further heating to 150C, structural instabilities such as
fracturing, melting, and balloon-shajest expansions were
found at the outer, cotton, and inner layers. There whsmo
deformation in thelter layer. This indicated that @ was a
suitable temperature for the dry-heat method;litrelayer

had strong thermal durability.

Dipole charge density was also investigated in this study
because electrostatic charge is involved in ltita¢ion
performance of respiratots: In both respirators, large
decreases in the dipole charge density were observed after

Figure 6.Filtration e ciency and dipole charge density of KN95 several heat treatments. However, there was ncasigtiop

respirators during heat treatment. Filtratiomiency of (A) In Itratllon e ciency bepause m_uItlpIe parameters (e,
Decopro, (C) Powecom, (E) SupplyAID, and (G) Yomasi. Dip0|emechan|calItratlon) were involved in thdtration perform-
Charge dens|ty of (B) Decopro7 (D) Powecorﬂ7 (F) Supp'yA|D‘ ancﬁnce Furthermore, EUA'apprOVed KN95 I’eSpII’a'[OI’S had
(H) Yomasi. A loss of dipole charge occurs during heat treatmentsitration e ciencies as high as N95 respirators, perhaps
however, it does not directly decredtsation e ciency. The error  because of their small pore-area size dt¢héayer and their

bars represent the standard deviationeofneasurements. cotton layer. There was no quantitative relationship between
dipole charge density andtration e ciency during
decontamination; however, a loss of dipole charge cild a
the electrostatic performance.

One limitation of this work is that the particles used for the
measurements may not be representative of the aerosols
containing viral particles. Thus, thetion e ciency shown
here might not be representative of thation of virus-
containing aerosols. Nevertheless, this work dees o
important insights into the ext of heating on the charge.
While heat seems to be suitable for PPE decontamination,
detailed guidance on mask reuse is beyond the scope of this
work. However, we refer the interested readers to CDC
guidelines on this topic.

MATERIALS AND METHODS

Materials. We selected three NIOSH-approved N95 respirators
(1860, 8210, and 8511 from 3M) as well as four KN95 respirators.
Figure 7.Dipole charge density antiration e ciency of N95 Two EUA-approved KN95 respirators (Guangzhou Powecom Labor

respirators after VHP and IPA treatments. (A) Loss of dipole char@®d Zhejiang Lily Underwear Co. Ltd.) and two non-EUA-approved
density occurs after VHP treatment. (B) N95 respirators still haeN9> respirators (Supplyaid Rapid Response LLC and Henan
high lItration e ciency after VHP treatment. (C) IPA method YOmasi Health Technology, Inc.) were tested in this stiglye(

completely removes all dipole charges. (D) Filtratioierecies of S11A. N95 respirators (1860, 1870, and 8210 from 3M) sterilized by
NO5 respirators before and after IPA treatment. Filtratieneies "€ VHP method were obtained from UCSD School of Medicine

; s San Diego, CA). N95 is NIOSH-approved with 9%%ation
of the charge-free KN95 respirators are showigune S10The ( . g : A .
error bars represent the standard deviatioveaheasurements. e c!encyr’.l KNO5 is GB 2626-2019-approved with 9%%ation
e ciency! We also studied surgical masks including face masks from

) ] . Shandong Yushengyuan Medical Technology Co Ltd., cotton masks
removing all dipole charges. Such decreasésraition from Egyptian cotton face mask, and polyester masks and fabric face
e ciencies indicated that electrostatic charges contributed teask from Winwin.
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Sample Preparation. Pristine N95 and KN95 respirators were Kelvin probe was held 5 mm above the santptesurface along its
worn for 3 days. Each sample was cut intoX2Zem pieces before  centerline to calculate the surface charge. We used the surface voltage
putting it into the oven. After each cycle of the heat treatment, wesults to calculate the corresponding surface charge densities. The
used tweezers to transfer the samples into 50 mL conical centrifufipole charges were determined by calculating the surface charge
tubes to prevent contamination. We waited 15 min between treatmeténsities on the two sides of the sample. We previously used this exact
rounds. This allowed the sample to return to ambient temperatuigstrument (Trek Model 344) for similar calculafidge further
before being heated again. validated the Trek Model 344 via controls with known charges such as
Calculation of Pore-Area Size, Fiber Diameter, and Layer polyethylene (PET) and paper: the results are comparable to prior
Thickness.SEM images were converted to black (pore) and whitgyori1%2 (Taple Sp
(MB bers) to calculate pore-area size ofiteelayer using Image J Isopropanol (IPA) Treatment. The Iter layers of N95 and
softwar& (Figure SB The average diameter of 2%rs in each N9 respirators were dipped into IPA solution for 30 s to remove all

Iay_e_r was also calibrated using image J software. Digital Ca"R"A’bQOIe charges. The samples were then dried@ti8%he air for 1
(Digimatic; Mitutoyo 500-505-10CERT) were used to measure thg

total thickness of the outelter, cotton, and inner layers in the
respiratorsKigure S118

Dry-Heat Treatment. A thermostat-controlled heating oven ASSOCIATED CONTENT
(T9FB2187511, ThermoFisher) was used for heat treatments. The . .
interior size of the oven is 34.3 cm (length), 35.4 cm (width), and S“ppo”'”g Informaﬂon. . i
50.8 cm (height) for 62 L of total volume. There were three shelves ilhe Supporting Informatlon IS aVa”ame free of charge at
the oven where respirators could be placed without stacking themitps:/pubs.acs.org/doi/10.1021/acsami.0c17333
together. Thus, it was capable of heating 18 respirators at once. The

oven has a temperature range of up t6G38nd the fan in the oven Layer thickness of N95 and KN95 respirators; dipole
maintains dry-heat condition. We conducted®@5@eatment as a charge density of PET and papker diameter of N95
positive control because the recommended temperature for PP is 90 and KN95 respirators; commonly available commercial
°cB masks; SEM images of each layer in N95 and KN95
Material Filtration Test. We used a PortaCount Plus Model respirators;ber integrity of N95 and KN95 respirators
8020 respiratort tester;’ which measures the number of particles after 150C treatment; a balloon-shapeer expansion

pre- and postltration per cubic centimeter ®nalong with a t

factor. The instrument is best used in a closed room where the - : . : :
particle count is at least 30000 particles pér Tmerefore, we ltration e ciency test, SEM images and thickness of

conducted all of the measurements in the presence of two lit candles N95 respirators after IPA treatment; dipole che.lrge and

in a closed room: our goal was to maintain more than 50 000 particles _ tration e ciency of KN95 after IPA treatment; SEM

per cri.>*S%° images and thickness of KN95s after IPA treatment;
For material Itration tests, N95 and KN95 respirators were cut pore-area size measurement; material information and

into 2 cm squares and placed into a 2-cm-diameter cylindrical ~ calibrator; Itration test of an N95 respirator; artd

chamber. This chamber sealed the test sample in between two pieces factor DR

of polycarbonate with inlet and outlet valvesHgpee S1IR The

inlet valve is sampled from the room air. The outlet value carried

in a KN95 respirator; SEM images of each layer after a

Itered air and passed into the PortaCount instruffigntré S12p AUTHOR INFORMATION
The number of particles going into the PortaCount was measured for
30 s. The number of particles was also determined withatidgn. Corresponding Author

The ltration e ciency of the sample was calculated using the jesse V. Joke&Materials Science and Engineering Program,
foII0w7ing equation and was repeated 10 times to get an average Department of Nanoengineering, and Department of
valué Radiology, University of California San Diego, La Jolla,
ial filtration effici California 92093, United Statzsrcid.org/0000-0003-
material filtration efficiency 2829-6408Email:jjokerst@ucsd.edu

o particle (per cth ) not filtered
S , , , x 100 Authors
particle (percﬁw ) in the ambient atmospRere > . . . . .
Wonjun YimS Materials Science and Engineering Program,
The NIOSH method for measurinigration e ciency uses sodium University of California San Diego, La Jolla, California

chloride (NaCl) aerosol with a count median diameter (CMD) of 92093, United States

0.075+ 0.02 m and a geometric standard deviation (GSD) of less Diyi ChengS Materials Science and Engineering Program,
than 1.86” We did not have access to the NaCl aerosol and thus  University of California San Diego, La Jolla, California
used the candle method described previG(i$lyhis approach 92093, United States

creates ultrae particles with a GMD of 03203 m and a GSD of Shiv H. Pate§ School of Medicine Simulation Training
1.608. Thus, our approach generates smaller particles than the Center and Division of Biological Sciences, University of

NIOSH method. Small droplets with a diameter belowrDa&8e a . - p . . .
major route of viral transmission and thus we are catent that g;“t?smla San Diego, La Jolla, California 92093, United

the candle method has value in testingltraion e ciency. 8 - . . . .
Electron Microscopy Imaging. A scanning electron microscope ~ RUi KouS Department of Structural Engineering, University of

(SEM; FEI Apreo) was used to analyze structural information of SB  California San Diego, La Jolla, California 92093, United

and MB bers in N95 and KN95 respirators. SEM images were taken ~ Statesj» orcid.org/0000-0002-7370-6827

at an accelerating voltage of 1 kV and a current of 0.10 nA. We tookYing Shirley Men§ Materials Science and Engineering

SEM images at the same spot of the outer layer after each cycle of Program and Department of Nanoengineering, University of

heat treatment to test the progress of particle removal. _ California San Diego, La Jolla, California 92093, United
Dipole Charge Density. A Trek model 344 electrostatic States

voltmeter was used to measure the dipolar surface voltage of the ] o ]
lter layer. During the voltage measurement, one side diethe ~Complete contact information is available at:
layer was attached onto a grounded plate electrode, and a noncontadtps://pubs.acs.org/10.1021/acsami.0c17333
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