Self-Disinfecting and Ergonomic N-95 Facial Mask
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Engineering 2T3)

1.0 Design Overview
The challenge of modifying an N95 mask to achieve better usability [1], safety, and comfort is

changing elements of the mask while maintaining its N95 certification. The design must filter
particles greater than 0.3 microns in size and maintain a tight seal on the user’s face [2].
Additionally it must alleviate factors which would cause a disposable mask to deteriorate upon
reuse such as moisture damage and mask deformation from a heat disinfection process [3]. To do
so the design should:

Maximize airflow
Self-disinfect
Minimize moisture

Improve ergonomics

The design achieves the above objectives by modifying the mask structure, facial ergonomics,
and airflow of the CuO Cupron Scientific N95 mask [4].

1.1 Mask Structure

The mask employs a four layer design. The outer and inner layers are made of spunbond
polypropylene layers containing 2.2 wt% CuO. The second outermost layer is a meltblown
polypropylene layer containing 2 wt% CuO. The second innermost layer is made of polyester to
maintain mask shape [4].

Fig 1.1.1: Layers A and
D: made of spunbond
polypropylene layers
containing 2.2 wt% CuO.
Layer B: meltblown
polypropylene layer
containing 2 wt% CuO.
Layer C: plain polyester
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To absorb excess moisture, a detachable, polypropylene fabric pouch containing 10g of Sodium
Polyacrylate powder [5] will be added to the mask. Sodium Polyacrylate, a super-absorbent
polymer, can absorb 300x its weight [6]. Since humans exhale approximately 110mL of water in
12 hours [7], the SAP powder will absorb moisture for at least 9 days before needing

maintenance.

SAP Pouch

Fig. 1.1.2: CAD model of mask demonstrating the location of the SAP pouch

2.2 Facial Ergonomics

On average, COVID healthcare workers wear a medical mask for 8 hours. This often results in
skin lacerations, bacterial/fungal infections, and decreased oxygen supply [8]. After interviewing
8 doctors [9] and from data, a level of discomfort was noted due to thermal stress, absolute
humidity and breath resistance [10]. The average mask discomfort levels (Figure 1.2.1) [11] and
guidelines by Ontario Health [1] was used to make the following improvements.
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Fig. 1.2.1 : Exertion Level of different available masks for health care.[11]



To accommodate for the varied nose sizes for sealing a Nose Adjustment Extension would be
provided. The following should be at a curvature of 0.014499 (Fig.1.4.1) modeled after an
average head structure which would also accommodate for safety glasses and reduce fogging
due to moisture release. The metallic wire lining helps adjust to varied facial structures while
maintaining a proper seal. An adjustable chin clip is attached to the bottom lining to increase
security. A rising problem is lacerations due to straps, it avoids this by using elastic-straps
wrapping underneath the ear. Furthermore, adjustments can be made using an adjustable
cardboard scale (fig.1.2.2)

Fig. 1.2.2 : Adjustable scale 3D design and prototype.

1.3 Optimizing air flow

Prolonged usage of masks can lead to reduced air exchange and mask deoxygenation. A
rectangular nose exhalation valve (Figl.4.1) is used to increase air flow and user comfort
(Figl.4.1) . The rectangular shape was chosen due to its ease of manufacture compared to a
circular valve. It also reduces the chance of mask deoxygenation. A valve also decreases the rate
of change of cheek skin and internal body temperatures [12]. Along with a large surface area for
air breathability it would also accommodate the SAP pouch to maintain comfortable moisture
levels while maintaining an N95 certification.



1.4 Design Renderings
Size: Standard 4.5 inches (11.4 cm) - Outer edge category [13]

Adjustable Nose Extension

Rectangular
exhalation valve

Metallic Wire (red)

Adjusting Clip

Adjustable
Elastic Strap

Figure 1.4.1: CAD Diagrammatic representation of mask.

Figure 1.4.2: Sideways view of the mask



2.0 Potential drawbacks

e Mask will be more expensive than the regular N95 with the addition of copper-oxide
layer and SAP pouch.

e While the mask will be mostly self-disinfecting, hospital staff will need to eventually
sterilize it as the straps/other parts not covered with copper oxide may become
contaminated.

e SAP pouch will need to be maintained properly to evaporate water and/or replaced to
ensure good moisture absorption and reduce weight on the mask.

e Mask will eventually be disposed (due to wearing of the polypropylene material) after
around 5 years at most. [14] Disposable mask will pose environmental problems such as
filling up landfills and possible biohazards if disposal is improper. [15]

3.0 Implementation
With all stages considered it is estimated to take around 2-3 weeks to implement this design.

3.1 Testing

A prototype of the design will be benchmarked against a 3M Health Care Particulate Respirator
and Surgical Mask 8210. It will be tested upon production, and then 1 week after re-use, then 2
weeks, etc. for a month to measure how well the mask satisfies the objectives whilst being
reusable for a month.

Breathability:
e Differential pressure test in accordance with ASTM F2100 [16]
e An acceptable value for a mask would be lower than 5.0 (mm of H20/cii)
o A high pressure differential would indicate that the mask has too tight of a seal,
limiting breathability [17].
Filtration:
e In accordance with ASTM F2100 [16]
e The particle filtration objective will be tested with a Particle Filtration Efficiency test
such as the Nelson Labs “Latex Particle Challenge” [17]
e The biological filtration efficiency can be measured by the BFE101(Bacterial Filtration
Efficiency) and VFE110 (Virus Flltration Efficiency) tests. [18]
Ergonomics:
e User Seal Check
o Pass/Fail qualitative user tests
o Positive Pressure Test:
m The mask is secured to a proper fit. The user exhales. If a slight positive
pressure builds in the mask without leakage the seal is satisfactory.
o Negative Pressure Test:



m  The mask is secured to a proper fit. The user inhales and holds their breath
for 10 seconds. If the mask slightly collapses in on itself without leakage,
the seal is satisfactory [19].
e Interior Mask Temperature
o The interior mask temperature will be measured using the Hydrochron iButton®
DS1923 [20]
o As a control for the thermometer,
o Mean interior mask temperature should be <29.1 °C [21]
Moisture absorption:
e The relative humidity of the inside the mask will be measured using the Hydrochron
iButton® DS1923 [20] and benchmarked against the 3M 8210 N95 Respirator.
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Figure 3.1.1: Sample temperature and relative humidity profile of an N95 respirator [21]

Self Disinfection:

e Measure biological material density relative to the 3M 8210 N95 respirator using
qRT-PCR [22].

3.2 Manufacturing
Enlist local manufacturers in Ontario such as Windsor Manufacturer, Ellipse Automation, etc to
produce and distribute masks [23][24].
Timeline:
e Send design to manufacturers.

e Manufacturers may invest in capital such as copper oxide and accompanying processors,
etc.

e Arrange for sodium polyacrylate (SAP) from other suppliers.



e Assemble at the manufacturers’ using premade molds.
e Masks with SAP pouches distributed to hospitals, with maintenance instructions.

3.3 Mask Maintenance

The copper oxide layers provide copper ions that can kill pathogens that are trapped in the layer
fibres by destroying their cell membranes [25][4]. The CuO takes 1-4 hours to disinfect the mask
surface [4] unlike traditional N95 masks that can become easily contaminated [27]. Moreover,
even after multiple uses, the copper ions still aid electrostatic filtration whereas this ability is
impaired in the N95 filters due to the air humidity [3]. The combination of disinfection and
electrostatic activity make these modified masks reusable for a longer period before needing
maintenance. The SAP pouch can absorb moisture up to nearly a month (12 hour shifts), but
should be replaced after 9 days.

4.0 Economic Feasibility
The costs for this design were estimated using the prices of off the shelf components and an

estimation of manufacturing costs based on similar designs. However, this is likely an
overestimate as both manufacturing and materials costs decrease per unit with increased
production volume.

Table 4.1: Estimation of material and manufacturing costs per mask

Mask:

No. | Layer/Material Cost/... Amount used in | Total cost
one mask
1 Copper oxide-woven fibre $11.8 per piece 1 piece $11.8
2 SAP pouch $1.36-$2.45 per | 0.01kg $0.0245
kg [28]
3 Filtration medium for NO95 | $35.78 per kg | 0.0099 kg[30] $0.354
and Mask Polymer [29]
5 Manufacturing Cost *Varies based on | *Varies based on | *Varies based on
manufacturer manufacturer manufacturer
6 Elastic/Attaching Material $6.11 1 piece $6.11
Total Cost of $18.29




For comparison a 3M 8210 N95 mask cost approximately $1.36 per mask at MSRP [31], around
one eleventh the cost of the mask. The cost would also be covered by government
funding(around $50 million) which would further subsidise individual cost and bring down the
cost to around $15.99 [32]. Although CuO masks are more expensive, they potentially provide
lifespan of up to 5 years of use. Using a CuO infused mask reduces the contaminated surface
area of the front of the mask. This reduces the likelihood of an outbreak of COVID-19 among
healthcare professionals, 2029 of which have been infected in long-term care facilities alone
[33].
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