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Abstract

Propane can be both a productive and destructive chemical. Although it has its industrial
uses, it can be very dangerous when it is not handled with care. Keeping a properly maintained
work environment and taking care when burning propane is very important for the safety of
workers.

Propane is a commonly used fuel with both consumer and industrial applications. Often it
is used to grill up steaks in the back yard; but if it can power your grill, why not your torch?
Many glassblowers use methane or hydrogen to heat their material, however, propane can prove
to be a more economical fuel, because of the lack infrastructure like city gas lines. But, since it is
a different gas than methane or hydrogen, it comes with a different set of safety considerations.
For example, the fuel must be stored differently, as a pressurized liquid in a cylinder rather than
as a gas, and different safety detectors must be installed in the shop. Different grades of

equipment must also be used for propane instead of the equipment used to run on methane.



In terms of pricing, the decision between propane and methane comes down to
infrastructure. If the shop in question has a fuel line from the city which supplies it with natural
gas, methane is often the better choice. In an article on the Glassline website hotglass.com,
Henry Grimmet, an American Scientific Glassblowers Society member from Glass Alchemy,
Ltd., puts the price of piped-in natural gas at $0.07 per 10,000 British Thermal Units.! He also

states that the heat output of natural gas is around 1050 BTU’s per cubic foot of gas.

Bottled natural gas, on the other hand, can be much more expensive. Bottled methane is
rarely utilized as a fuel for torches that would be used in glassblowing or even welding. It is
therefore a specialty gas. The only real industrial use for bottled methane is in plasma cutting. As
a result, methane stored in a cylinder, at $5.00/10,000BTU, is much more expensive than

methane from a pipe.

Propane, on the other hand, cannot be piped in from the city as easily. It is much more
commonly bottled. Bottled propane is often used by welders and even more frequently by
grilling enthusiasts. Consequently, the price of a propane cylinder is kept relatively low. At
$0.15/10,000 BTU and 436,000BTU/ft3, bottled propane is 30 times cheaper then bottled natural

gas by BTU.

To somebody trying to set up a shop in a location without a natural gas line, bottled fuel

is a necessity. And for somebody trying to run a business, the cost of fuels is a critical

lGrimmett, Henry. "Propane or Methane! What is your studio?." Glass Line 17.6 (2004): n.

pag. Web. 17 Jun 2011. <http://www.hotglass.com/access/vl7n6/Propane.html>.



consideration, especially when the price difference is so great. So when a city line is not

provided, propane becomes the only viable option.

But how much heat are you getting out of these fuels? Is the price difference
accompanied by a difference in performance? To look deeper into the matter, there are a few
different ways to measure the potential of a fuel. Ways to evaluate a fuel’s potential are the flash

point and the fire point.

The flash point is defined as the lowest temperature at which a volatile substance will
form an ignitable gaseous mixture with air. For propane, this is at -104°C and methane at -
188°C.2 So both gasses will ignite at a much lower temperature than will ever be recorded in a
shop under atmospheric pressure. The fire point, however, is a more relevant measure. The fire
point of a gas is usually about 10°C higher than the gas’s flash point. This is the temperature at
which the volatile solution will burn and sustain combustion for five seconds when ignited with
an open flame. Looking at these measures of propane and methane, they are both very low
temperatures and the difference between them is relatively small; this likely accounts for the

small difference between the heat of the two different flames.

The temperatures of propane and natural gas flames are also not very different. With

propane burning at 2820°C and natural gas at 2770°C the difference is negligible, when

2”Properties of Fuels (a)." Alternative Fuels & Advanced Vehicle Data Center. US
Department of Energy, n.d. Web. 3 Aug 2011.

<http://www.afdc.energy.gov/afdc/pdfs/fueltable.pdf >.



assuming that the two flames will travel at the same speed. 2 But the difference here too is
negligible: propane, burning at 12.2ft/s, is actually slightly slower than the slow burning methane
at 15.2ft/s. As a reference point for these numbers, acetylene burns at 25ft/s and hydrogen at

36ft/s.4

So looking at these numbers, one might say that there is not a huge difference between
the amount of heat that can be obtained from a propane torch and from a methane torch. This is
not the case, however, because it is the chemical potentials of the two gasses that must be
considered. They are two different molecules and therefore will burn differently on a chemical
level. The differing arrangement of atoms in the gasses leads to a wildly different array of
behaviors by the two substances. The diagrams below illustrate this change in structure. Figure 1

shows a propane molecule whereas Figure 2 shows a methane molecule.

3 "Flame Temperatures some Common Gases."Engineering Toolbox. N.p., n.d. Web. 3 Aug

2011. <http://www.engineeringtoolbox.com/flame-temperatures-gases-d_422.html>.

4 page 715

Althouse, Andrew D., Carl H. Turnquist, and William A. Bowditch. Modern Welding: Complete Coverage of the Welding Field in

One Easy-To-Use Volume. 4th ed. South Hollan, lllinois: The Goodhear-Willcox Co., Inc., 1980. Print.



Figure 1 — Propane molecule

Figure 2 — Methane molecule

As can be seen in these Figures, propane is a three carbon molecule held together with single
bonds and saturated with hydrogen atoms. Methane has only a single carbon and four hydrogen

atoms.



Since a carbon to carbon single bond and a carbon to hydrogen single bond have
comparable amounts of energy stored within them, it becomes apparent that each propane
molecule has a much higher potential for the release of usable energy when broken down in a
process such as combustion. Because of the unique nature of these structures, each molecule can
be expressed in a more convenient short-hand. Propane can be represented by CsHs and methane
as CH4. The commonly accepted measurement for this amount of energy, the usable energy
released from the breaking of chemical bonds, is called the heat of combustion. This is
abbreviated as AHcomb and is a measure of the heat absorbed into a system as kilojoules per mole
of substance, or enthalpy change, specific to the designated combustion reaction. A mole of a
substance is a set number of molecules of that substance. It is approximately 6.02 x 10?3
molecules. The AHcomb measure is in essence the extra energy left in the surroundings after the
bonds of the reactant molecules have been broken and the bonds of the product molecules have
been formed. So AHcomb is the sum of all the bonds in either propane or methane and oxygen
minus the sum of the bonds in the resulting carbon dioxide and water vapor. These bond energies
can be looked up in any chemistry textbook or chemical reference manual. Also note that AHcomb
is a measure of heat being absorbed into the system during reaction, so a negative value
corresponds to heat being released from the system into the surroundings. This is the useful

energy which will do work such as heating glass.

To look at the numbers, AHcomb CHa = -802kJ/mol. Propane has more than double this

output per mole at AHcomb C3Hs = -2044kJ/mol.> To put it into standard units, propane releases

5 AHcomb CHa and AHcoms CsHs calculated from standardized data obtained from

Lide, David R. CRC Handbook of Chemistry and Physics. 89th ed. 2008 - 2009. Print.



approximately 91,690 BTU’s for every US gallon of volume. Looking at these numbers, it
should come as no surprise that a propane flame can deliver much more heat than a methane
flame. The vast difference in cost between the bottled forms of the two gasses is accompanied by

a similarly vast difference in heat output.

Moreover, one other piece of thermo-chemical data must be noted. As a serious safety
concern, the flammability limits of each gas must be considered. The flammability limit, or
explosive limit, of a gas is the percentage of gas in air by volume at which the mixture will
ignite. This number is based upon the concept of stoichiometry which is the idea that for the
maximum efficiency of each chemical reaction, the reactants need to be present in a set ratio of
moles. The closer the reactants are to this ratio in a combustion reaction, the more heat that is
released. So, in order to get the maximum amount of heat out of a fuel, it must be burned with
oxygen in a stoichiometric mix. If the fuel is too far out of proportion with oxygen, it will not

burn at all. This is where flammability limits come from.

Converting from moles back into percent by volume, the flammability limits can be more
useful. Methane will burn at 5-15% by volume in air. Propane, on the other hand, will ignite as
low as 2.37% and will continue to burn only up to 9.5%.5 Thus even though methane will burn in
a much larger window of concentrations, propane only needs to be half as concentrated to burn

in air. Accordingly, it will ignite easier, and it will take much longer to burn out as the

6”Properties of Fuels (a)." Alternative Fuels & Advanced Vehicle Data Center. US
Department of Energy, n.d. Web. 3 Aug 2011.

<http://www.afdc.energy.gov/afdc/pdfs/fueltable.pdf >.



concentration will only drop low enough for the flame to burn itself out at half of the

concentration which would be required to do this by natural gas.

The chemical structure of propane does not, however, only affect how much work can be
done with the torch. In addition, the differing structure of propane brings on a new set of safety
concerns and procedures. As a representative of the local propane distributor Metro Welding in

Waltham, MA stated in a phone conversation, “propane is whole different animal.”

Due to the fact that it is a large, heavy molecule, propane will sink in a mixture with air.
Unlike methane or hydrogen, which will vent off on its own and diffuse through the air, propane
will pool in the low spots. This is often just the floor, but propane will also collect in cracks,
drains, and even top-loading ovens, building in concentration until it reaches that 2.37%
flammability limit. Also, propane is odorless, like natural gas, and is treated with an odiferous
chemical called ethyl mercaptan. This chemical can be smelled at concentrations as low as one
fifth of the lower flammability limits of propane, so the human nose will likely be able to detect
a propane leak much sooner than the leak is able to ignite. According to the Propane Education
and Research Council, the minimum concentration for human detection of ethyl mercaptan by

nose is one part of the additive in 2.8 billion parts of air.”

Processed propane, however, can undergo what is called odor loss which makes it
impossible for the human nose to detect a leak. This can happen when a leak is underground. By
the time that the propane has reached the surface, the smell will be neutralized by the earth. Odor

loss can also occur when ethyl mercaptan is exposed to bleach or rust: bleach will oxidize the

7Propane Education and Research Council. Web. 17 Jun 2011. <http://www.propanecouncil.org/>.
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ethyl mercaptan into ethyl sulfonic acid, and similarly ferric-ferrous oxide, or rust, will oxidize
the ethyl mercaptan to form diethyl disulfide.® These chemicals cannot be easily smelled:; it is
important therefore to not allow air or moisture to get into a propane tank. Along with taking

away the odor, rust can structurally weaken the bottle as well.

In order to detect potentially dangerous leaks, it is important to have a propane detector
installed in the shop and that it be properly installed. As was mentioned earlier, a propane leak
will pool down by the ground. This makes the positioning of a propane detector different from

that of a methane or hydrogen detector.

A o

Photo 1 - Properly placed propane detector

8"0dourant Fade - Propane and Natural Gas." Sintra Engineering, 07/03/2010. Web. 3 Aug

2011. <http://www.resolvematters.ca/pages.php?pid=5&sid=1&ref=31>.



A properly placed detector is shown in Photo 1. The unit is located on the wall about one
foot above the floor and also above the drain so that if a pool of propane forms, the gas will be
detected before the pool can accumulate too high. If the propane detector were to be placed like
that of a hydrogen or natural gas detector on the ceiling of the shop, the whole room would have
to fill up with propane before the detector would be set off. This would be too late. So in order to
be warned of a leak in time, users should place their detectors in low spaces where pools are

likely to start forming.

Photo 2 Leak detector read out

Another piece of equipment which is good for early detection is a good read-out interface
for the detector. The meters shown on the interface pictured in Photo 2 display the concentrations

of the gases being detected in the shop. It can be helpful to see the needle rising on the meter



before the alarm is activated. The alarm itself is loud and irritating by design. If the leak can be
detected simply by reading the needle’s position on the dial and corrected early on before the

alarm goes off, then this is a better situation.

In the event of a leak, the facility should be ventilated with positive pressure. A fan
should be placed so that it is blowing air into the room rather than pulling air out. If the fan is
pulling air out of the room, it pulls the propane and air mixture right past its motor; sparks from
the motor can then ignite the fuel-air mixture and the leak, which could have been safely dealt

with, swiftly turns into an explosion.

To avoid a leak, the use of proper equipment is essential. This equipment should also be
kept in tiptop shape. The best place to start when looking at propane equipment is the source, or
the tank. The tank, also referred to as a cylinder or bottle, is where the propane is stored. Unlike
other higher pressure cylinders, the propane tank is welded. For example, an oxygen tank, which
has an internal pressure of approximately 2250 pounds per square inch, is pressed out of one
solid piece of metal; the surface is smooth. An LP tank however, does not have a smooth surface:
it is generally made in several different pieces and then welded together. This is because it has a
lower pressure, about 140psi, and does not require the strength of the single stamped piece of
steel. It is much cheaper and easier to weld the tanks, so there is no reason to go through the

extra process of stamping it out like an oxygen tank.

The chart shown in Figure 3 lists the various sizes of propane tanks you are likely to

come across and their capacities.



200 Steel
Capacity (gallons) 4.7

4 Tgal
Weight (empty) 26.5 b=
Veight (full) 46 |bs
Overall Height 18.5 inches
Diameter 12.5inches

202 Alum 33 Steel 33 Alum
4.7 gal 7.9 gal 7.9 gal
18.5 Ibs 35 b= 23 bz
40 bz 69 lbs 586 bz

20.5 inches 27 inches 28.5 inches

12.5 inches 12.5 inches 12.5 inches

Figure 3 Common tank sizes

43# Steel

10.3 gal
40 b=

07 .

33 inches
12.5 inches

Photo 3 shows a propane tank labeled with its notable exterior features.

Photo 3 — Tank with notable exterior features

43# Alum
10.3 gal

27 lb=

70.5 Ib=
34 inches
12.5 inches

The propane tank has a rounded bottom to provide structural integrity: the sharp angle created by

a flat bottom tank, would not be strong enough. Consequently, a ring is welded onto the bottom



of the tank so that it can sit flat on the floor without rolling around. This ring also provides a
spacer in between the ground and the surface of the tank, keeping the bottom of the tank away
from water or other corrosive materials which may be spilled on the floor. The collar welded to
the top of the tank provides users a safe way to lift and secure the tank rather than by the valve. It
also, similar to the cap on an oxygen or natural gas bottle, helps to protect the service valve, the
main outlet from the tank, in the event of a collision. As the Smith Equipment online safety
training warns, this is vitally important, because if the cylinder’s valve is sheared off, the tank
quickly transforms into a torpedo. On a side note, oxygen tanks should never be lifted by their
caps as the cap is only threaded onto the tank and is not meant to hold the weight of the entire
cylinder. Also, any tank, no matter the gas, should always be properly secured, usually by tank
straps, and oxygen tanks should be capped when not in use. Arc welders must never be struck on
the surface of tanks as this may weaken or even rupture the pressurized tank. Tanks with visible
structural damage should be inspected before further use. Damage to the outside of a tank could

lead to a leak or rupture.® According to www.propanel01.com tanks must be inspected before

continued use after 12 years from the date of manufacture and every five years after that. Also,
no type of cylinder should be transported in an enclosed vehicle. If a leak develops inside the

vehicle, it will not be able to ventilate and a dangerous buildup of gas will occur.

According to the National Fire Protection Association, propane tanks larger than 11b

should not be stored inside. The Propane Education and Research Council, on the other hand,

9Buh|er, Bruce. "Technical and Product Training."Smith Online University. Smith
Equpiment, n.d. Web. 7 July 2011.

<http://www.smithequipment.com/moodle/course/view.php?id=3>.


http://www.propane101.com/

takes a more conservative standpoint and advises that propane tanks should never be stored
inside any enclosed area whatsoever; instead they should be stored outside on some sort of

secure footing, like a concrete pad.'® Often, brick or cinderblock walls are built around such
outside tanks. This is to prevent motor vehicles from colliding with the tanks or even piping

coming off of the tanks.

One consideration for exterior tanks is temperature control. The tanks should not exceed
120°C but can also not get too cold in the winter.!! Since propane is stored as a liquid, its vapor
pressure will drop with the temperature. When it gets too cold outside, not enough of the liquid
will vaporize to create adequate line pressure; the tanks then freeze. This also happens when too
large a volume of propane is being removed from the tank at a rapid rate. Just like a larger scale
model of a wart “freeze off” cylinder, a consumer medicine found at many drugstores which is
simply a small container filled with propane, the rapidly moving gas causes a significant drop in
temperature. If the rate of gas leaving the tank is high enough, this drop in temperature can be

enough to freeze the cylinder.

According to the National Fire Protection Association, some changes have recently been

made to propane tanks to make them safer for the consumer. Since 2002, tanks between 4 and

10"Propane Safety." National Fire Protection Association, May 2010. Web. 17 Jun 2011.
<http://www.nfpa.org/categorylist.asp?categorylD=304&URL=Safety%20Information

/For%20consumers/Gasoline%20&%20propane/Propane%20safety&cookie_test=1>.
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401bs have been required to be fitted with an Overfill Prevention Device, or OPD. Some
industrial tanks are exempt. The OPD is a spring-operated pressure release valve. This valve
makes it impossible to fill the tank up to more than 80% of its capacity. Tanks with an OPD will
either have a triangle shaped handle or will have the letters “OPD” stamped into their collar.?

For example, the tank below in Photo 4, has been fitted with an OPD.

Photo 4 — Tank with OPD valve - note triangular handle

Because of this “OPD” pressure release valve, it is important to fill and store propane tanks

upright. This is because when it is in the tank, propane is a liquid. The valve is at the top of the

12”Propane Safety." National Fire Protection Association, May 2010. Web. 17 Jun 2011.
<http://www.nfpa.org/categorylist.asp?categorylD=304&URL=Safety%20Information

/For%20consumers/Gasoline%20&%20propane/Propane%20safety&cookie_test=1>.



tank. When the tank is upright, the vaporized propane can make contact with the valve and flow

as required. If liquid is in contact with the valve, the valve becomes useless.™®

Another recent modification to propane tanks is that the tanks now need to be hooked up
to a regulator for gas to flow out of them. Before this change, a tank could simply be left out with
the valve open and it would vent. Now, if the tank is not connected to a regulator, the valve will

not vent propane, even if the service valve handle is left in the open position.

Following the flow of propane from the tank to the torch, the next stop is the regulator.
Regulators should be kept free of dust or oil: the sudden compression of gas within a regulator
can create a momentary elevation of temperature which can be enough to ignite a dirty regulator.
This creates what is referred to as “regulator burnout” which can damage the regulator, injure
equipment operators, or create a gas leak. Similarly, oxygen regulators should only be used with
oxygen tanks. The contamination of oxygen in a regulator used on a fuel bottle or fuel in a

regulator used on an oxygen bottle can also result in burnout.

Acetylene, another bottled fuel, has a much lower tank pressure than LP. Because of this,
an acetylene regulator can safely be used on an LP tank as long as the application is relatively
small. The two are not, however, completely interchangeable: an LP regulator may never be used
on an acetylene tank. The LP regulator is designed to operate at a higher pressure and will not be
able to adequately control the rate of acetylene being released from the tank. Acetylene is
unstable at the higher pressure which would be created, causing the situation to quickly become

dangerous.

13 propane 101: Promoting Propane Safety... Through Better Understanding. Web. 17 Jun 2011. <http://propane101.com/>
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After the regulator, the propane flows into the hosing. This hosing, as recommended by
the Metro Welding representative, should be T-grade hosing, not the R-grade typical of use with
other fuels. Propane will corrode R-grade hosing as well as O-rings and gaskets made of this
material in torches and pilot lights. The T-grade is resistant to the propane corrosion and is

therefore used to create a more safe work environment by yet again helping to avoid leaks.

The propane makes its way through the hosing into the torch to be burned with the
oxygen. But sometimes, due to a pressure differential, as the Smith Equipment online safety
resources state, the propane and oxygen can mix before they are intended to do so in the system
creating an ignitable mixture where there is not supposed to be one. This is called a backfire or a
flashback. In the case of a backfire, the torch’s flame simply goes out with a loud popping noise.
With a flashback, the problem is more severe: there is a sustained combustion where there is not
supposed to be one in the system. The flashback can damage equipment and injure the operator.
In the event of a flashback, turn off the tank if it is safe to do so and try to get the fire under
control. Then call emergency services if necessary. It is handy in emergency situations to have
the number of the local fire department written down by the telephone ahead of time. A backfire
or flashback can happen with a system running on any fuel gas, however it can be especially

damaging with propane, due to propane’s potential for destruction.

More important than learning to deal with a flashback is working to prevent one from
happening in the first place. As with the vast majority of safety concerns, prevention of a
problem is better than cleanup. The first thing to do is to install flashback arrestors on the shop’s
torches. Some torches come from the manufacturer with an arrestor already installed. If this is
the case, it is not necessary to put an additional arrestor on the system. The best place for a

flashback arrestor is right between the torch and the hoses. This is because the hose is the most



common place for a flashback to occur. The mixture of fuel and oxygen happens within the torch
and then often this mixture travels back into the hose before it is ignited. The flashback arrestor
contains a check valve to help ensure that gas is only flowing in the correct direction and a sinter
filter. The sinter filter takes heat away from the flame of the flashback in order to extinguish the
fire before it becomes uncontrollable. Purging the oxygen line before lighting a torch
significantly reduces the possibility of having a flashback as this forces out any fuel which may
have been contaminating the line. In addition, simply keeping torch tips clean helps to ensure

that gas is flowing properly though the system.

To avoid the pressure differential which causes flashbacks, never run the contents of
oxygen tanks at pressures lower than 40 psi. In other words: do not run the tanks dry. This low

pressure zone can force fuel from the torch back into the oxygen line resulting in a problem.*

As a final note of safety, it should be stated that in addition to creating minute amounts of
nitrous oxide, a lung irritant, incomplete combustion can also occur with a propane flame. This
means that the torch can produce carbon monoxide. Carbon monoxide is odorless and poisonous.
It has a greater affinity for the hemoglobin in blood than oxygen and binds to it more readily,
rendering human blood unable to transport vital oxygen to the muscles and other organs. Even if
there is sufficient oxygen in the atmosphere, a person will suffocate, turning red. Ventilation will
help to get rid of any carbon monoxide which forms. A carbon monoxide detector will also help

to alert users of the presence of the poisonous gas.

14Buh|er, Bruce. "Technical and Product Training."Smith Online University. Smith
Equpiment, n.d. Web. 7 July 2011.

<http://www.smithequipment.com/moodle/course/view.php?id=3>.



Propane can be a dangerous fuel. According to the National Fir Protection Association,
United States fire departments in the year 2003 through 2007 responded to propane-related
incidents which resulted in 34 civilian deaths, 135 injuries, and $48 million in direct property
damage. In addition, annually, there were 1,170 home structure fires because of propane. It is a
dangerous chemical with extreme potential for catastrophe, but when used safely and correctly, it

is an incredibly powerful and useful fuel.*®

15”Propane Safety." National Fire Protection Association, May 2010. Web. 17 Jun 2011.
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