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Respirators against viruses

*N95 (95%, 35 mmH20 inhaling, 25 mmH20
exhaling) — CFR 84 Part 42, 1995

*FFP2, FFP3 (94% or 99%) — EN 143, 149, 2002
- KN95 (95%) — GB 2626, 2006
« KN94 (94%) -
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Variety of respirator shapes




Conventional MB electret for COVID-19 respirators

Excellent efficiency and perfect seal but unbearable breathability

Lack of oxygen: 21% at sea level, 15% inside N95, equivalent to
2,3000 meter above sea level

Argument: Can MB electret capture coronal virus?

In terms of size:

COVID virus — 0.08 microns
Pore size of a MB fabric for N95 - 20 microns

In terms of electrostatic attraction:
Virus is electrically neutral
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SEM image of fine particles captured on the fiber surface by

vander waal forces (mechanical mechanisms)
Columbic force (positive charges attract negative particles and vice versa
Image force (attraction of neutral particles by polarization)
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Efficiency of corona charged materials

Ten-fold higher than uncharged, meaning
1 ply of charged =10 plies of uncharged

e.g.,

35% - uncharged
98.6 - Chargead



Corona Charging by Highly-Intensified Electric Field
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A Surface Charge Potential Measuring System
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Surface Charge Potential on Face Side
Single polar, uniformly-distributed positive charges




Surface Charge Potential on Screen Side
Single polar, uniformly-distributed negative charges
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Conversion of Charge Potential (V) to Charge Density

B Ve, e,
t

O

V - measured charge potential from Slide 14

g, — permitivity in vacuum (8.854187817...x1012 F/m)
g, - relative permitivity (dielectric constant)

t - thickness of the media

o =2X102C/cm2
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Tribocharging
Two or more dissimilar electronegativity of fibers

Hydrocharging (friction between fibers and
polarized liquid)



Efficiency of tribocharging

20-fold higher than uncharged
Two-fold higher than corona charged

e.g.,

35% - uncharged
99.98% — hydrocharged
98.6% - corona charged



Factors affecting tribocharging

Impurity in fibers (friction of fibers)

Conductivity of liquid ( Hydrocharging), rigorous
friction — Thunderstorm up In the air



More can be done In terms of respirator structure

Respirator with exhalation valve not allowed for virus respirators



Steritlization of COVID viruses

70% Alcohol
UV - UVC
Autoclave or boiling water
Peroxide
Heat — 70C, 1 hr
Ozon - Latex



Shape deformation after boiling




Suspended N95 (L) for ozone treatment for 25 minutes, cracks on rubber band (R).




Survivability of COVID-19 on the surface of Materials (70F, 50% RH)

NEJM: March 14, 2020

Copper surface for 4 hours
Cardboard for 24 hours

Stainless steel for 2 days
Plastic surface for 3 days




Respirator Inactivation of COVID-19 validated by NIH

Vaporized H202
UV-C (254 nm, 1J/cm?2)
/0C dry heat for 60 mins

Five days after use



Natural Sterilization (7 days)
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Shelf-life time (quiescent charge decay)
and stockpile of respirators



Quiescent charge decay rate

Penetration (%)
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Charge decay allowance curves
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An example of N95
Initial: 98.5%
After Heat Treatment: 97.82%




Shelf life of respirators and masks

2 yrs (masks) — 5 yrs (respirators), 9 years seen in a commercial respirator

Say 10 yrs of shelf life

Manufacturing of one billion pieces for stockpile w/population of 300 M —
Ship and refill 200 million pieces each year in the sequence of
manufacturing date

Meaning, 1 billion pcs in the warehouse all the time, the shipped 200
million pcs have at least 5 years of shelf-life time.
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Pen professor vs. Screw-driver professor

Katalin Kariko - mRNA



COVID-19 Pandemic
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Thank you for your attention!
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