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The Czech republic, one of the first Western nations to start wearing homemade masks, produced a 
slogan for it's citizens: "My mask protects you, Your mask protects me"

Studies have shown that we emit aerosols just by merely talking. Obviously sneezing and coughing  
is even worse. So, wearing a mask of any kind can help contain any aerosols we emit. Recent  
findings  indicate that SAR-CoV-2 infected people can be asymptomatic for several days before 
exhibiting symptoms. Thus wearing a mask is even more important and required in some areas.

The internet is awash with instructions and videos on making homemade masks during this COVID-
19 pandemic time and shortages of commercial manufactured surgical and N95 masks. I have read 
and watched many dozens of articles and videos of homemade masks. My observation is that 
virtually all fail to address both the filter material and the fit. Both are essential for an effective mask.

My goal is something that ordinary people can make from readily available inexpensive materials 
without special tools. At least until the critical shortage of real N95 masks is over.

The Fit

Most articles and videos of homemade masks have no provision to address the gap formed between 
the nose bridge and the face as shown in the image below:

This is a commercial medical face mask. Most have a metal strip over the nose that the wearer forms 
over the nose to close the gap but some do not. Also note the gap below the cheek. However, a very 
close look at the image shows what appears to be a metal piece which should be bent over the nose. 
The wearer in this image is improperly using the mask. The gap at the cheeks is still a problem.



Note that a 3M N95 mask in the image above clearly has the metal nose piece and a stiff edge with 
possibly a wire on the periphery of the mask (I have not seen one personally). The metal nose strip is 
to be formed over the wearer's nose and the straps pull tight against the face. Anecdotal reports are 
that when properly worn, they are uncomfortable. Presently, these are 'Gold Standard' for masks 

along with other NIOSH 1 approved N95 masks.

The presence of a gap in a mask lessens the effectiveness of any mask as air
bypasses the mask filter material when the wearer inhales and exhales.

The Filter Material
Many materials have been used for the filter material. Fabrics from silk scarves to T-shirt material and

even 'Tea towels' have been pushed in many articles. An article from Cambridge University Press2 : 
has the following 

 

1 N  ational Institute for Occupational Safety and Health 
https://en.wikipedia.org/wiki/National_Institute_for_Occupational_Safety_and_Health

2   https://www.cambridge.org/core/journals/disaster-medicine-and-public-health-preparedness/article/testing-the-efficacy-  
of-homemade-masks-would-they-protect-in-an-influenza-pandemic/0921A05A69A9419C862FA2F35F819D55/core-reader

https://www.cambridge.org/core/journals/disaster-medicine-and-public-health-preparedness/article/testing-the-efficacy-of-homemade-masks-would-they-protect-in-an-influenza-pandemic/0921A05A69A9419C862FA2F35F819D55/core-reader
https://www.cambridge.org/core/journals/disaster-medicine-and-public-health-preparedness/article/testing-the-efficacy-of-homemade-masks-would-they-protect-in-an-influenza-pandemic/0921A05A69A9419C862FA2F35F819D55/core-reader
https://en.wikipedia.org/wiki/National_Institute_for_Occupational_Safety_and_Health


The date of the article is from August 2013,  before the current SARS-CoV-2 pandemic but it has 
good information. Of the materials listed, 100% cotton t-shirt and 'Tea towel' materials stand out. I'm 
not familiar with 'Tea towels' but I assume it is a very tight weave material.

Another article from Texas A&M titled “N95 Mask Alternative from HVAC Filters” 3 has the following 
chart below where they tested the filter material from various HVAC (Heating Ventilation Air 

Conditioning) filters.

The best HVAC filters I have found readily available are the 3M Filtrete 1900 MPR filters at Lowe's. 
They are relatively pricey at about $20/filter. Lowe's sells all the sizes at the same price, so if you 
chose this material, get the largest which in my purchase was a 24” x 24” x 1”. This maximizes the 

material you get for your money. These are MERV-13 4 filters. From the chart, it takes 4 layers to 
achieve 95% filtering efficiency equal to N95 masks. 3M prefers to use the MPR rating, more on that 
later.

However, there is more than the material as I addressed in the section above regarding 'FIT'. OSHA 
(Occupation Safety  Health Administration) has extensive information on the proper fitting of 

respirators5. Their information is way beyond the scope of this article. I point this out as I noticed 
almost all mask making instructions do not address a tight fit.

A Mask Frame
My thinking is that we need to simulate as closely as possible the fit and seal of a real N95 mask. 
Few of us are equipped to mold a mask from materials that resemble a N95 mask. However, we can 
make a simple frame that closely presses any filter mask to our face to seal like a real N95 mask. To 
this end, I devised the idea of a Mask Frame.

3  http://enmed.tamu.edu/download/1137/      
4 M  inimum Efficiency Reporting Value https://en.wikipedia.org/wiki/Minimum_efficiency_reporting_value
5 https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.134AppA  

https://en.wikipedia.org/wiki/Minimum_efficiency_reporting_value
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.134AppA
http://enmed.tamu.edu/download/1137/


I made my mask frame from 12 gauge solid copper wire designated as THHN/THWN wire. It is 
used by electricians pulling electrical wire through EMT (Electrical Metallic Tubing) conduit. It is 
uniform nationally as there are specifications that dictate it's properties. I covered it with some clear 
vinyl tubing 1/4” OD x 0.170” ID. Both are sold in almost every hardware store and 'Big Box Home 
Improvement' stores like Lowe's and Home Depot. The vinyl tubing is not necessary, it gives a more 
finished look and a slight cushioning effect as it is larger in diameter than just the wire with insulation.

The last time I looked on-line, Lowe's sells a triple strand of 12 gauge solid copper THHN/THWN wire 
for $0.80/ft. and a 10 ft roll of the clear vinyl tubing for about $3. You will need roughly 18 inches of 
the wire, so a two foot length is the minimum you should buy for a mask frame. Since Lowe's sells a 
triple strand, you can make up to three mask frames. Independent hardware stores usually sell single 
strand wire albeit at a higher cost per foot. I paid $0.59/ft. at the Ace Hardware in Lampasas for a 
single strand. There I had a choice of colors, white, red and black. I chose red for my prototype to 
better show in images.

If you are using the THHN/THWN solid copper wire from Lowe's, it comes with the 3 strands twisted 
together and will likely have a spiral shape. Start by taking one strand and straightening it. Use pliers 
and your fingers to straighten it out as best you can. Then ... a trick I learned long ago to 
straighten wire is to roll it between two boards pressing firmly on the upper board as you roll 
the wire. You will be pleasantly surprised how straight the wire is after doing this.

The shape of the wire mask frame is roughly that of a 3M N95 mask.  However your mask frame 
needs to be customized to your face. Tip: Take a twist tie such as the ones found in the fresh 
vegetable section of the HEB or other supermarkets to close your plastic bag. Straighten it  
and form it around your nose. Then use it as a template to guide your wire nose bend.  This is 
easier than trying to actually bend the wire against your nose. It should bend around your nose and 
continue between your cheeks and then below your chin. I started with a wire about 15 inches long 
and marked the middle. 

Insert the wire inside a length of the vinyl tubing and start in middle of the length of wire and bend it at
the nose area using your twist tie as a model for nose bend.

Referring to the left image above work on one half of the mask outline at a time. Bend the wire so that
it goes between the nose and clear of the cheeks downward to below the jaw as shown by the red 
line. This is roughly the shape of a 3M N95 mask on the right. Continue bending the wire until it is 
below your chin. When you get to the chin area, start bending the wire for the other half of the mask 
outline. Do not cut the wire to length yet.



With the aid of a mirror, check the fit to your face. First area to check is the nose area. You will need 
to bend the wire to fit your nose. Bend the wire 'out of plane' forward to fit the nose bridge and the 
wire that will sit on your face. The image on the left shows a side view with the nose bend at the top 
away from the face.

 Continue bending the wire to fit your face while holding the nose area 
against the nose and the adjacent wire to the face. Do this on one side first 
and then the other side. See the image on the next page of the completed 
mask frame.

The ends of the wire should be just below the chin. While holding the rest of 
the wire against the face with one hand, use your fingers on the other hand 
to grip both wire ends together, move the wire away from the face and mark 
both ends at a common point with a 'Sharpie' or similar marker. Temporarily 
use some tape to hold the wire ends together.

Continue bending the wire where necessary to get a good fit to the face. 
With a mirror, note any areas where the wire doesn't press against your face
and bend the wire as needed.

When you are satisfied with the fit, carefully make sure the marks you made
with the 'Sharpie' are still aligned or make a new mark if you had to change the meeting point. Now 
remove the tape.

If you used the vinyl tubing over the wire, cut the tubing on both sides at the meeting point mark with 
a sharp knife like an Xacto or a utility knife. Do not cut the wire yet. With wire cutters or pruning 
shears cut the wire about an inch past the tubing ends. With the knife cut the insulation around the 
wire at the end of the tubing. Pull off the insulation leaving the bare copper wire. Do this for the other 
wire end. Now insert the bare copper wire ends into the vinyl tubing so that the wire ends are 
overlapping inside the vinyl tubing as in the image below.

There should be a snug fit. Push 
each end until the vinyl tubing ends 
meet. Some tape can be used to 
secure the vinyl tube ends together 
but my mask frame didn't need it as 
there was plenty of friction. At some 
point in the future, some epoxy glue 
can make a permanent connection. 
However, make sure you are 
satisfied with the fit of the mask 
frame to your face.



Your mask frame should look like this:

If you are not using the vinyl tubing, tape the overlapping ends together without removing the 
insulation.

Then, take some elastic to make a strap that fits around the back of your head to hold the wire frame 
against the face. The elastic should go above your ears so it doesn't slip down the back of your head 
and attach to the wire frame near the cheeks on both sides. You will have to experiment with the 
length to get a good fit where it holds the wire frame against your face. I stitched the elastic ends by 
hand. A staple could be used if you are unable to sew. A friend suggested using a Velcro closure to 
make an adjustable strap. Try out the mask frame again and looking in a mirror, make adjustment 
bends to closely follow your face contours. The elastic should press the frame snugly against your 
face but not too much or it will be uncomfortable !

If you don't have any new elastic some could be salvaged from a spare article of clothing or some 
other suitable substitute like an elastic head hair band. A tip I got from a video is that strips of T-Shirt 
material when pulled forms a 'rope-like' tube. From the video, it appeared to be stretchy, probably not 
as much as regular elastic but a suitable large rubber band could be inserted in-line to make it 
'stretchy'. Lacking even a sacrificial T-Shirt, a temporary one can be made from a cut strip of a plastic 
grocery bag. Cut it about 2-1/2” wide and double it over lengthwise to make it about 1” wide. Make the
plastic bag strap long enough so you can tie it behind your head. A rubber band could be used in-line 
as described above to make it 'stretchy'.

The Filter Mask
If you have a cloth mask this section may be of interest for some filter material inserts. I have read 
and viewed many articles on the internet. Most are anecdotal, but a few reference testing by properly 
equipped labs and doctors.

In the introduction section, “The Filter Material', I cite an article by Texas A&M where HVAC filter 
material was tested. Their tests showed a HVAC filter rated as MERV-16 is 95% effective which is the
same as N95 masks. A MERV-16 filter is likely a HEPA filter and very expensive. Locally, the best I 
found is a 3M 1900 Filtrete HVAC filter at Lowe's. It is a MERV-13 filter which the A&M article says 
requires 4 layers. In their literature, 3M claims that MERV ratings aren't a complete indication of 



filtering capability as their filter material is made from a permanently electrostatic material. They use a
'MPR' (Micro particle Performance Rating) rating. The labeling says the 1900 MPR filter is 'Good' for 
filtering viruses at 62%. The best is their MPR 2800 rated filter at 81%. However, this MPR 2800 filter 
is not available at Lowe's. Amazon.com lists it for a 2-pack 20”x30”x1” for $58.57 ($$$$ Yikes!). 
Using 3-4 layers of the 3M 1900 Filtrete HVAC filter would be cheaper and is available locally.

A serviceable disposable filter mask can be made from a paper towel or a “shop towel'. The Sellers 

ToolBox Shop Towels brand has been tested by Dr. Clapp at the University of North Carolina6 as 
being 73% effective for a double layer. Ordinary paper towels are reportedly as much as 53% for a 

double layer but no brand was cited. The Sellers ToolBox Shop Towels are a DRC Cellulose 7 
which are a tough paper towel that can be bought at Lowe's for less than $3 for a roll of 55 sheets. A 

note of caution is that a video8 on Sellers web site mentions they use a latex binder which could be a 

problem if you have a latex allergy. Sellers MSDS9 (Material Safety Data Sheet) does not indicate any
skin irritation. If you do have a latex allergy, you may wish to test it first.

For a detailed video on making a Shop Towel Mask see https://www.youtube.com/watch?v=mai-
UqdNRi8 where 'jimhappy' describes his version using a single layer. I made a similar mask before I 
saw his video using a single sheet folded over for a double thickness with a double layer of Kleenex 
brand tissues also folded over for 4 effective layers. I can't say the Kleenex tissues actually help but 
they can't hurt either. The referenced 'jimhappy' video describes using a straightened paper clip for 
forming around the nose but my mask frame does this task better, so do not use the paper clip.

A personal observation I made is that an ordinary 'Brawny' brand paper towel vs. the Sellers 
ToolBox Shop Towel is that the shop towel breathing resistance is greater than the regular paper 
towel. This is likely as the shop towel is denser which offers more air flow resistance but probably 
better filtering. I have no breathing problems but for those that do, you may find it too much and will 
have to judge for yourself. I have not used the 3M Filtrete 1900 HVAC filter material yet but I will in a 
future report.

Another YouTube video source of good information is 'My Pocket Pediatrician' 
https://www.youtube.com/channel/UC3N9P3qp0Cogt9wYAwSuhoA She is a doctor who has done a 
lot of research lately on masks and PPE (Personal Protective Equipment). Most of her videos are 
about cloth masks mainly for medical professionals that can be cleaned and reused but she has 
information on using the 3M Filtrete HVAC filter material as an insert. 
https://www.youtube.com/watch?v=ofw3AGhvP-0 She has also found a company manufacturing filter 

material which the company has tested to be 95% effective in filtering. The company name is 'Filti  10  '. 
They are selling to the public in moderate quantities. These can be inserted in the disposable shop 
towel or ordinary paper towel mask.

I originally was going to describe making a paper towel filter mask but the referenced 'jimhappy' 
videos are better in describing how to make one. My system with mask frame can only make the seal 

6 YouTube 'jimhappy' https://www.youtube.com/watch?v=3QmIIrss-dc
7 DRC (Double Reinforced Crepe) Cellulose
8 Sellers latex binder https://youtu.be/vqX1woKpk_E?t=44
9 https://www.sellarscompany.com/download?file=products%2FDRC-BONDED-CELLULOSE-US-EN-9-  

sds_5e8e16fa8e6c6.pdf
10 https://filti.com/product/filti-face-mask-material/  

https://www.youtube.com/watch?v=mai-UqdNRi8
https://www.youtube.com/watch?v=mai-UqdNRi8
https://youtu.be/vqX1woKpk_E?t=44
https://filti.com/product/filti-face-mask-material/
https://filti.com/product/filti-face-mask-material/
https://www.youtube.com/watch?v=ofw3AGhvP-0
https://www.youtube.com/channel/UC3N9P3qp0Cogt9wYAwSuhoA
https://www.sellarscompany.com/download?file=products%2FDRC-BONDED-CELLULOSE-US-EN-9-sds_5e8e16fa8e6c6.pdf
https://www.sellarscompany.com/download?file=products%2FDRC-BONDED-CELLULOSE-US-EN-9-sds_5e8e16fa8e6c6.pdf
https://www.youtube.com/watch?v=3QmIIrss-dc


better. It is a little inconvenient in that you first put on a filter mask and then the mask frame. However,
I believe the superior seal is worth the effort. If you are skilled at sewing, it may be possible to 
incorporate the mask frame into a cloth fabric mask. However, make provisions to insert removable 
filter material.

My completed mask frame with elastic strap is pictured below: 

and me with my 'face made for radio' � wearing it:
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I would like to acknowledge and thank my friends Charles Watkins and Terry Tucker for reviewing the 
draft copy of this article. Without their assistance, there would have been numerous ambiguities, 
typos and grammatical errors. Also, Mary Doran asked a question about joining the wire ends which I 
had assumed was obvious, so I added a paragraph and image to explain. Sometimes I incorrectly 
assume everyone has my shop skills.

Throughout this article, I have added links to articles and sources I found on the internet. In general, I 
relied on credible academic or professional sources with actual testing data and personal 
observations. The footnotes have links to the web sites not in-line or explain acronyms.

3M and Sellers of course disavow the use of their products outside of the original intended purpose 
as they have no control of or testing for use in masks they do not manufacture.

I cannot certify the effectiveness of my mask frame or filter mask as I do not have the necessary 
testing equipment. Logically, the mask frame can only help form a seal to make whatever homemade 
filter mask used more effective.

Stay Safe and Well �  
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