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Gas Mask: A PopSci Fan's Step-by-Step Guide

Step 1: Check Out What Popular Science Had to Say in 1942
 

"Rather than go without any protection at all, the alert citizen can make gas masks for 
himself and his family." 

The following steps are from a December 1942 Popular Science article on how to make 
an improvised gas mask. 

The following information may help you understand the instructions. 

"10/20 mesh" and "4/10 mesh" specifies the grain size of the crushed charcoal. Sorting 
grains by size is called "screen classifying". To do it you put a stack of sieves on a sieve 

http://books.google.com/books?id=HCcDAAAAMBAJ&printsec=frontcover&dq=popular+science&as_brr=1&source=gbs_summary_r&cad=0_0#PPA49,M1


shaker with the coarse one on top. To make 10/20 you'd put a sieve with a 10 mesh (ten 
wires per inch) screen on top of a 20 mesh sieve. You'd pour your crushed charcoal in the 
top and shake the stack. The 20 mesh sieve would fill up with the good stuff, you'd dump 
that into your gas mask cartridge. 

In other words the charcoal grains they use are between .05" and .25" diameter. I've read 
that that resistance to breathing while doing strenuous work is the major problem with 
gas masks. A mask made with such large grains might have very easy air flow. 

Soda Lime ( w'pedia ) is calcium carbonate (lime) reacted with aqueous sodium 
hydroxide (lye). It absorbs carbon dioxide among other things. 

Carbon tetrachloride is dry cleaning fluid, very common in those days when synthetic 
fibers were rare and many people wore clothing such as suits that would be harmed by 
laundering in water. 

Star says "CCl4 note that carbon tetra chloride is carcinogenic like pasta sauce is red, and 
you probably don't want it in your house or on your hands or anywhere" 

The text continues: "This type of mask, designed by Dr.Simon L.Ruskin of New York 
City, is intended to protect the wearer only against the common, known gases used in 
chemical warfare. It is useless against smoke, illuminating gas, and carbon monoxide 
(automobile exhaust). 

How such a mask is made is shown in the accompanying photographs. Use a heavy 
bathing cap, not a thin one. Make joints airtight so that the wearer can breathe only 
through the canister. 

The physical filtering agent in the canister is activated granular charcoal, which can be 
obtained at drug stores and wholesale drug houses. To test it for activity (the ability to 
take up and hold gases), place a small amount, such as a tenth of a gram, in the palm of 
the hand and pour on it five drops of carbon tetrachloride.The charcoal should become 
warm. 

If not, it's unsafe. Either one half 10/20 mesh and one half 4/10 mesh, or the coarser 
charcoal alone, may be employed. With it mix one half as much coarse-mesh soda lime 
(sodium calcium hydrate), also available at drug stores. Pack the canister solidly. No air 
must enter without passing through the charcoal. Do not forget to seal both ends of the 
canister with tape or heavy waxed paper. If left unsealed, the charcoal will absorb 
moisture from the air until it is saturated, and the mask will be useless. Unseal the 
canister only when the mask is to be put on for protection against gas. Once the mask has 
been used, the canister must be refilled with fresh charcoal and soda lime. "

Step 2: "Common Materials" back in 1942



In case you can't read the little labels, they read: From left to right:

Canisters (they appear to be ordinary tin cans)

Bathing cap

Elastic

Handkerchiefs

Fly Swatters

Charcoal and Soda Lime

Powder-Puff Box

Adhesive Tape

They sure had some odd stuff laying around back then. Dirt roads and horses caused a lot 
of fly swatting and nose blowing. 

Step 3: 1942 Mask step-by-step



The powder-puff box has a clear lid, this is the window the user looks through.

The bathing cap is the mask that fits about the face.

There is no valve. The breath goes in and out through the filter.

The charcoal/soda-lime mixture is wrapped in two layers of hanky and packed into the 
can.

The pieces of screen are taped over the ends of the can and any excess cloth cut off.

Then the can shoved into a hole in the mask and sealed on with tape.



Step 4: Start a Fire

I need to filter paint fumes and sanding dust, not phosgene, so I didn't bother adding soda 
lime to my filter.

Start a fire. That's the first step in making charcoal. Coconut shell charcoal is standard for 
gas masks. I wanted to try coconut husk charcoal. So I husked some of the driest, lightest 
coconuts I could find. Three of them were starting to sprout. Yay! I ate one of the 
sprouted coconuts.

I started a fire. It was horrible. I couldn't get the coconut husks to burn properly. It 
smoked a lot and wanted to smolder. In Mexico the husks had flamed out and burned 
down to a nice bed of coals in minutes. I guess they were a lot drier than the husks here in 
Maui.

I tried all my fire making tricks. I ripped the husks into strips and stacked them like a log 
cabin. I added tinder of various kinds. I finally dumped paint thinner on the burning pile. 
That flamed for a while but then it went back to smoldering. I finally gave up and decided 
to let it smoke. Eventually the heat would make some of the stuff in the middle into 
charcoal. I piled a whole lot more husks on and after an hour or so it looked like the final 
picture, ready for my coal mining operation.

It's a calm day and the smoke followed me around everywhere. I needed a gas mask.



Step 5: Eat Canned Pears

I needed a can.

So I had to eat some canned pears. Life is hard.

Then I cut an 'X' in the remaining end of the can to make a hole for the snorkel

Step 6: Fit Snorkel to Can



While that nasty fire smokes up the neighborhood, get back to tinsmithing.

Bend up the flaps of the 'X' and fit the can to the end of the snorkel.

Step 7: Affix the Can to the Snorkel

Make sure the tube doesn't protrude all the way into the can.

Drill a hole through the can flaps and the end of the snorkel tube.

Insert a wire through the holes.

Bend the ends of the wire over.

The assembly will feel pretty secure.

Step 8: Seal the Joint Between Can and Tube



Wrap the end of the can and the joint with the tube with plastic cling-wrap and tape.

Try sucking air through the tube while the open end of the can is blocked. It shouldn't be 
possible.

It's very much easier to seal vacuum leaks than pressure leaks. Vacuum leaks tend to suck 
things into them and seal themselves.



Step 9: Quench Some Coals

I looked into my fire and saw some good coals glowing inside. So I knocked it apart, 
grabbed some good coals with tongs made from two sticks, and quenched them in water.

I was wondering whether my charcoal would be "activated" or not. After some reading I 
decided my wasteful way of making it pretty much guaranteed it would be "activated". 
That means no hydrocarbons left in the pores and all the carbon being short chains with 
their little arms out ready to grab molecules. 



Step 10: Crush Some Charcoal

After quenching the coals I set them on some cardboard to drain and dry out a little. Then 
I dumped the water out of the pot and used it for a mortar to crush the charcoal in. I used 

a section of bamboo as a pestle.

Quenching had drawn a lot of water into the charcoal. It turned to wet paste as I crushed 
it. I mashed it til the largest grains were well under .25" in diameter. The volume 
decreased a lot as I crushed it. This husk charcoal wasn't very dense. I needed to grind a 
few batches to get enough to fill my canister. 

Step 11: Dry the Crushed Charcoal



I spread the crushed charcoal paste on some newspaper and put it in the sun.

It was still wet after a day in the sun so I dumped it onto tinfoil on a pan and put it in the 
oven.

I tasted a mouthful of charcoal to see if it was any good. It didn't taste like a smoldering 
fire, which is what I was afraid of. I couldn't figure out what the taste was. Then I 
realized the taste was the taste of no taste at all. It was absorbing all the stuff from my 
mouth that could activate a taste bud. This was a non-taste I've probably never 
experienced before. I remembered how the old nuns in the old-folks convent at home 
used to eat burned toast for the charcoal. Those nuns were the best educated people in the 
area for a hundred years or more, so I figured they knew a thing or two. I chewed it up 
and swallowed that mouthful of tasteless carbon with gusto. I smiled with clean black 
teeth.

Step 12: Base Manifold Wad



I put a loose wad of paper towel in the base of the can. I wanted the airflow to spread out 
from the tube into the can without restrictions. I put a disk of folded paper towel on top of 

that to keep charcoal dust from going into the tube and my lungs. 

Step 13: Pack the Can with Charcoal



I packed the can with charcoal til it was about as high as the longest gas mask cartridge 
I've seen. The can was taller than that, so I added some wadding on top of that. to hold it 

in place. 

Step 14: End Cap

I taped a folded paper towel over the end of the can, cut off the excess, and taped it some 
more, just like the 1942 version. I don't know what the function of the screen was in that 

model. Probably it was for durability. They probably intended people to actually fight 
and dig through rubble while wearing those swimcap and baby pants gasmasks on their 

faces.

Since I'm just going to do some light varnishing, I'll stick to mere paper towels.

Step 15: Exhale Valve



This snorkel has an exhale valve so air doesn't have to get forced back out the filter. The 
air flow is one direction, which means there's no dead air going back and forth in the tube 

for CO2 to build up in. Because of this exhale valve, I could use a longer more flexible 
tube. That would probably make it more comfortable to wear. 



Step 16: Varnishing!

I considered trying the "clothespin on the nose" to keep me from inhaling through my 
nose, but it turns out to not be a problem. Something about a snorkel makes a person not 
want to inhale through their nose. Not to mention there's a bad varnish smell to remind 

me if I forget.

The whole thing works great! I didn't get a headache and get all stupid from fumes. I tried 
shoving the tube up against a nostril and inhaling through it that way, and couldn't smell 
anything through it.

If I start smelling anything through it, I'll repack it with new charcoal.

The only problem was condensation dripping out of the exhale valve onto the varnish. I 
tied a rag over it to catch that. When I wore it as seen in the opening photo, no drips came 
out.

This respirator works so well I'm thrilled. I'll look for a flexible hose so I can hang the 
canister on my belt. It will be perfect for welding, since a welding hood won't hit the 
mouthpiece.

Can any chemists or welders in the audience tell me if I need to add the soda lime to filter 
welding fumes? Apparently manganese, manganese dioxide are in the fumes and cause 
harm.



How Gas Masks Work 

How Filters Work
Because of the problems with SCBA systems, any respirator that you are likely to use 
will have a filter that purifies the air you breathe. How does the filter remove poisonous 
chemicals and deadly bacteria from the air? 

Any air filter can use one (or more) of three different techniques to purify air: 

• Particle filtration 
• Chemical absorption or adsorption 
• Chemical reaction to neutralize a chemical 

A typical disposable filter cartridge for a respirator: 
When you inhale, air flows through the inlet on the left, 

through a particulate filter, through an activated charcoal 
filter, through another particulate filter (to trap charcoal 
dust) and through the outlet on the right into the mask. 

When the particulate filter clogs or the activated charcoal 
becomes saturated, you must replace the cartridge.

Particle filtration is the simplest of the three. If you have ever held a cloth or 
handkerchief over your mouth to keep dust out of your lungs, you have created an 
improvised particulate filter. In a gas mask designed to guard against a biological threat, a 
very fine particulate filter is useful. An anthrax bacteria or spore might have a minimum 
size of one micron. Most biological particulate filters remove particle sizes as small as 

http://science.howstuffworks.com/biochem-war.htm
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0.3 microns. Any particulate filter eventually clogs, so you have to replace it as breathing 
becomes difficult. 

A chemical threat needs a different approach, because chemicals come as mists or vapors 
that are largely immune to particulate filtration. The most common approach with any 
organic chemical (whether it be paint fumes or a nerve toxin like Sarin) is activated 
charcoal. 
Charcoal is carbon. (See this Question of the Day for details on how charcoal is made.) 
Activated charcoal is charcoal that has been treated with oxygen to open up millions of 
tiny pores between the carbon atoms. According to Encyclopedia Britannica: 

The use of special manufacturing techniques results in highly porous charcoals 
that have surface areas of 300-2,000 square metres per gram. These so-called 
active, or activated, charcoals are widely used to adsorb odorous or coloured 
substances from gases or liquids. 

The word adsorb is important here. When a material adsorbs something, it attaches to it 
by chemical attraction. The huge surface area of activated charcoal gives it countless 
bonding sites. When certain chemicals pass next to the carbon surface, they attach to the 
surface and are trapped. 

Activated charcoal is good at trapping carbon-based impurities ("organic" chemicals), as 
well as things like chlorine. Many other chemicals are not attracted to carbon at all -- 
sodium and nitrates, to name a couple -- so they pass right through. This means that an 
activated-charcoal filter will remove certain impurities while ignoring others. It also 
means that, once all of the bonding sites are filled, an activated charcoal filter stops 
working. At that point you must replace the filter. 

Sometimes, the activated charcoal can be treated with other chemicals to improve its 
adsorption abilities for a specific toxin.

http://science.howstuffworks.com/atom.htm
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The third technique involves chemical reactions. For example, during chlorine gas 
attacks in World War I, armies used masks containing chemicals designed to react with 
and neutralize the chlorine. 

Destruction by chemical reaction was adopted in some of the earliest protective 
equipment such as the 'hypo helmet' of 1915 (chlorine was removed by reaction 
with sodium thiosulfate) and in the British and German masks of 1916 (phosgene 
was removed by reaction with hexamethyltetramine). 

In industrial respirators, you can choose from a variety of filters depending on the 
chemical that you need to eliminate. The different filters are color coded by NIOSH 
standards for things like acids and ammonia. 

DIY Gas Mask
by

Bill Riley 

With Tom Ridge drumming up fears of terrorist chemical attacks in America, gas masks 
have become real hot survival items. Of course, survivalists have stocked such things for 
years. And you'd think -- especially in the wake of the WTO protests -- that political activists 
would, too. 

Of course, most conventional gas masks have a major drawback for the fury folk among us: 
they don't seal around beards. A hood is called for. 

I saw a newspaper article about improvised gas hoods in Iraq, designed for the Kurds. 
Basically, it was a vinyl hood, with a clear plastic panel to see through, and an activated 
charcoal filter sewn between layers of cloth and stitched over a bunch holes in the hood. At 
first glance, it seemed like a good idea, but then I saw a huge problem. 

When a person wearing such a hood inhales, that soft, flexible hood is going to collapse like 
a balloon wih the air sucked out. When he exhales, it'll reinflate with the used air. Repeat 
infinitum. There's going to be very little air flow through the filter. 

I've seen a better concept in survival gear catalogs, usually billed as an emergency escape 
hood, to protect the wearer from smoke in a burning building. It's nothing more than a 
plastic bag with an activated charcoal filter in a canister with a mouthpiece. You draw your 
breath directly through the filter, avoiding the problem of your "hood" acting as a 
counterlung. It's pricey, though. I think we can make one of these at home for a lot less. 



You're going to need: 

• Large oven bag (those plastic bags for roasting turkeys) 
• Small plastic jar (1 1/3/4" by 4" spice jar is great) 
• Flannel 
• Activated charcoal 
• RTV adhesive 
• Duct tape 
• Drawstring 

Any plastic bag that will fit over your head will do, but a heat resistant oven bags makes this 
useful fires as well as riots. 

The news report I read claimed that you can "activate" your own charcoal at home by baking 
ordinary charcoal (with no added started fluids) in your kitchen oven for one hour at 500°C. 
I don't know about you, but my oven doesn't get anywhere near that hot. If you have a 
pottery-firing kiln, give that a shot. 

I bought my activated charcoal at a pet store, in the fish/aquarium department. 

Construction
1. Let's start by making the filter canister. Drill or punch as many holes as possible in the 
base of your jar. 

You are going to breathe through these holes, so make as many (and as large) as you can 
without removing the base completely. Do the same to the cap. 

2. Place a circle of flannel in the bottom of the jar. This soft, fuzzy fabric will work as a 
particulate filter to block some smoke and keep the charcoal from falling through your holes. 
Fill the jar to the brim with said charcoal. Put another circle of flannel on top of that. 



3. You need o fugure out where on the bag to mount your filter. Pull the oven bag over your 
head just long enough to find a place to put the filter where your mouth can reach it. Please 
don't smother yourself; I need all the readers I can get. 

Cut a small hole -- a little smaller tahn the diameter of your filter jar -- in the bag. Stretch 
that hole over the jar, being careful not to tear the bag. It should seal snugly around the jar-
top. Now screw the cap into place. Finish up with a bead of RTV around that joing to 
thoroughly seal it. 

4. Once the RTV has set (or you could do this before mounting the filter canister), attach 
your drawstring near the bag opening so you'll be able to seal the bag around your neck. 

You can make little drawstring "belt loops" by cutting strips of duct tape, then covering the 
middle section of each strip -- on the sticky side -- with smaller squares of duct tape. Place 
those around the circumference of the bag, and thread your drawstring through. 



That's it. You are the proud owner of a gas "mask." To use it, pull the hood over your head, 
put the end of the canister in your mouth, and tie the drawstring around your neck to seal it. 
Don't pull it tight enough to restrict any blood flow to your head; you just want to keep stuff 
like wisps of tear gas from drifting up into your hood. 

Advantages and Disadvantages
This hood is not as eficient as a standard comercial gas mask. On hot days, it'll get hot and 
humid in there. But... 

It is "one size fits all." It will fit an adult or child. Check the jar width against a child's mouth 
first, you may need a smaller jar for very young children. You can use it over a full beard or 
glasses. And at this price, you can outfit your whole family (or protest group). 

Size is another factor. You may remember that the mayor of Seattle banned gas masks 
during the WTO meeting. This hood is small enough to fit unobtrusively in your pocket until 
needed. 

 













































Cross section of filter of gas mask
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