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Solid  
When matter exists in a solid physical state, the 
molecules of the substance are thought to be closely or 
tightly arranged. The tighter arrangement and greater 
quantity of molecules relates to the density and the mass 
of a substance. For a solid fuel to ignite and burn, the 
solid must go through a transformation into a gaseous 
state. This transformation requires the solid substance to 
be heated to its ignition temperature. Ignition tempera-
ture is the minimum temperature at which combustion 
can be initiated under specified test condition. The 
ability of a solid to absorb heat is often dependent on the 
physical arrangement of the substance. 

An issue that has a direct impact on the time to ignition of 
a solid is whether the substance is considered thermally 
thin or thermally thick. Thermally thick means that 
when a material is exposed to a heat flux on its front face, 
appreciable temperature rise has not yet occurred on its 
back face. On the other hand, thermally thin means that 
at a given instant the material’s back face is at a tempera-
ture close to that of the front face.1 

The greater the surface-area-to-mass ratio, the easier it is 
for the solid to absorb the heat, reach its ignition temper-
ature and ignite. As an example, take a block of wood. If 
a heat source such as a candle is applied to the block of 
wood, a considerable period of time will pass before the 
block absorbs enough heat to ignite. If the same block 
of wood is converted to wood shavings, the substance is 
still a solid but has a greater surface area to mass ratio, 
allowing the wood shavings to reach the wood’s ignition 
temperature and ignite. Finally, if the block of wood is 
converted into wood dust, the substance now has an even 
greater surface-to-mass ratio, and the ability of the dust 
to absorb heat has increased dramatically (fig. 5–4). And 
if the dust becomes suspended in air, the ignition process 
can occur so quickly that an explosion takes place. Yet 
in all three cases, the substance was a solid at the begin-
ning of the process. From this we learn that not only is 
knowing the physical state important, but knowing the 
physical arrangement of the substance is equally impor-
tant with respect to ignition. 

Fig. 5 – 4. Each of these items is wood: the block, the 

shavings, and the sawdust. But they each have a different 

physical configuration and a different surface-area-to-

mass ratio that will make ignition easier or more dif ficult. 

Liquid 
Some liquids are capable of burning under normal 
temperatures and pressures while others are not. The 
liquids that will not burn can absorb heat, boil, and 
evaporate but never burn. Sometimes, these liquids 
can be used as extinguishing agents, such as water. The 
liquids that burn are referred to as flammable and/or 
combustible depending on the flash point of the liquid 
and the naming convention followed by certain entities. 
The NFPA uses a break point of 100°F (38°C) to differ-
entiate between flammable liquids (liquids with a flash 
point below 100°F [38°C]) and combustible liquids 
(liquids with a flash point at or above 100°F [38°C]). 
NFPA further breaks liquids into classes and sub-classes. 
In Europe, the differentiation point is 140°F (60°C). To 
avoid confusion, the more commonly accepted term for 
all liquids that burn is ignitable liquids. Flash point is the 
minimum temperature at which an ignitable liquid gives 
off sufficient vapor to form an ignitable mixture with air 
near the surface of the liquid or within a test vessel. 

For an ignitable liquid to burn, the liquid must be at its 
flash point so that when fuel vapors are mixed with it, 
air will burn. There is a mistaken belief that an ignitable 
liquid must be suspended in air, or atomized, to burn. 
Atomization is a process that breaks a liquid into a mist; 
yet its physical state is still a liquid even though the liquid 
is in finely divided particles. However, when an ignitable 
liquid is atomized, there is maximum surface-to-mass 
ratio that permits rapid vaporization as the liquid is 
heated. All that is now needed is for an ignition source 
to be introduced to the ignitable liquids (fig. 5–5). 
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fire service, so the following terms are defined to provide 
a knowledge baseline. 

Specific heat. Specific heat is that amount of heat that 
a substance absorbs as the temperature of the substance 
increases. Specific heat is expressed as “the amount of 
thermal energ y required to raise unit mass of a substance 
by one degree, and its units are J/kg·K”2 ( Joules per 
kilogram-Kelvin) in the metric system and BTU/lbm-˚F 
in the English system. 

Latent heat. The thermal energ y absorbed when a 
substance is converted from a solid to a liquid or from 
a liquid to a gas is known as latent heat. The amount of 
heat absorbed by a liquid that passes to a gaseous form 
is called the latent heat of vaporization. Water has an 
extremely high heat of vaporization, which makes it an 
ideal extinguishing agent. 

When heat is absorbed by water as it converts to steam 
it causes the surface of the burning solid object to cool. 
The word latent means “hidden,” and in a way the heat of 
vaporization is hidden. Water absorbs a great deal of heat, 
but upon reaching its boiling point of 212°F (100 °C), it 
turns to vapor (steam). In reverse, when a gas changes to 
a liquid or a liquid changes to a solid, heat is released and 
the temperature drops. When its temperature reaches 
the freezing point of  32°F (0°C), water becomes ice. 

More information on the latent heat of vaporized water 
when it is used to extinguish fire is provided in chapter 
16, Fire Streams. 

Density. The ratio of mass to volume of an object or 
substance is known as density. The greater the density of 
an object or substance, the more heat energ y is needed 
to cause ignition. 

Specific gravity and vapor density. The specific 
gravity of a substance is the ratio of the weight density of 
the substance to the weight density of another substance, 
usually water. All liquid substances have different 
specific gravities. Water is the  benchmark that other 
liquids are measured against to determine if a liquid is 
heavier (which will sink) or lighter (which will rise), 
Assigning water a value of 1, all liquids with a specific 
gravity of less than 1 will float on water. All liquids with 
a value greater than 1 will sink below water. Table 5–1 
provides the specific gravities of common liquids. 

Vapor density is the term for comparing the weights 
of vapors and gases with the weight of air. The terms 
vapor density and specific gravity should not be used 
interchangeably, as one measures vapors and gases 
and the other measures liquids. Some substances will 

actually have different values for vapor density and 
specific gravity, depending upon the physical state of 
the substance (solid, liquid, or gas). Be careful to use the 
proper terminolog y when researching a substance. 

Table 5 –1. Specific gravities of common liquids 

Liquid Specific gravity 
Acetone 0.787 
Alcohol, ethyl (ethanol) 0.787 
Alcohol, methyl (methanol) 0.789 
Alcohol, propyl 0.802 
Carbon disulfide 1.265 
Carbon tetrachloride 1.589 
Castor oil 0.959 
Coconut oil 0.927 
Cottonseed oil 0.929 
Crude oil 0.876 
Formaldehyde 0.815 
Fuel oil 0.893 
Gasoline 0.739 
Hexane 0.657 
Kerosene 0.820 
Linseed oil 0.932 
Mercur y 13.633 
Milk 1.035 
Napthalene 0.963 
Olive oil 0.703 
Toluene 0.865 
Turpentine 0.871 

Air is the standard against which all other vapors and 
gases are compared and is assigned a vapor density value 
of 1. Vapors and gases with vapor densities greater than 
1 will tend to drop to the ground. Gases and vapors with 
vapor densities less than 1 are lighter than air. There are 
only 13 gases known to be lighter than air. All other 
gases and vapors are heavier than air. The 13 gases lighter 
than air and their respective vapor densities are listed in 
table 5–2. 
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electrical flow increase, the amount of heat generated 
increases. This is why electrically powered appliances 
that require large amounts of electricity to run need to 
have larger wires for the circuits. Specific wire diameters 
(wire gauges) are rated for maximum number of amps it 
can carry safely ; the smaller the diameter, the smaller the 
amps it can carry without overheating. Toasters with very 
small diameter wires inside that glow when energized are 
a good example of this phenomenon. 

Electrical heat energ y can also be generated when a flow 
of electricity is suddenly interrupted by the separation 
of the conductor. A common example is when a switch 
that is closed (in the on position) is opened up (put in 
the off position) as current flows. The resulting arc is a 
release of electrical heat energ y. Although these arcs are 
typically small in size, as is the amount of heat gener-
ated, the temperature that is generated can be substan-
tial. Some arcs have been recorded at 2,000°F (1,093°C). 
Obviously, a sustained arc from a downed overhead wire 
can generate a continuous high-temperature, high-heat 
release event capable of igniting a building on fire. 

Lightning is another example of electrical heat energ y 
release. Clouds in the sky may be at differing levels of 
electron charging. As these clouds connect, allowing 
electrons to flow, one can obser ve what some people 
term cloud-to-cloud lightning. When a cloud and 
the earth have differing charges, we witness a discharge 
between the earth and the cloud. 

Static electricity exists as the name implies, statically. 
Electric charges collect on the surface of an object. They 
are not flowing. There are a number of situations or 
conditions that will cause a static electricity discharge. 
The more common are the following : 

1. Contact and separation between dissimilar solids 

2. Flowing powders 

3. Flowing liquids or gases 

An example that many people can relate to is sliding a 
foot across a carpet and then touching a metal object. 
The resulting shock that is received is a static electricity 
discharge. Another example is the electric charge created 
when certain flammable liquids or gases flow, particu-
larly at an elevated pressure. The static electric charge can 
become the ignition source, such as when acetylene gas 
escapes rapidly from a pressurized gas cylinder. The gas 
can be ignited as it flows forth from the cylinder without 
the introduction of any other ignition source. 

Induction heating is the process of heating an electrically 
conducting object (usually a metal) by electromagnetic 
induction, where currents are generated within the metal 
and resistance leads to heating of the metal. 

A microwave oven appliance cooks or heat food by 
dielectric heating , a method of heating non-conductive 
materials. A microwave is a radio wave that is between 
one millimeter and one meter in wave length. Micro-
wave radiation is used to heat water and other polarized 
molecules within the food. 

Mechanical heat sources. Heat of ignition can also 
come from mechanical actions that, developed at a suffi-
cient temperature, will ignite flammables or combus-
tibles. Mechanical heat is usually developed by friction 
when two items are rubbed together. The easiest example 
that demonstrates this is to rub your hands together. The 
faster you rub, the greater the heat produced. In that 
same vein, metals that rub together will also generate 
heat. Often, some form of lubricant is used to absorb the 
heat, particularly if the two metals rubbing together are 
part of a piece of machinery or a process. If the lubri-
cant is insufficient or breaks down, the potential exists 
for enough heat to be generated to ignite surrounding 
combustibles, including the residual lubricant. 

Friction can also create sparks where there is a lack of 
any lubricant. Visualize the metal edge of an axe coming 
in contact with a grinding wheel used to sharpen the 
axe head. As the edge of the metal touches the wheel, 
a shower of sparks flies out. Although seemingly small 
and insignificant, these sparks carry enough heat to 
ignite flammable vapors, finely divided dust particles, or 
wood shavings. 

Compression can also generate heat, particularly if the 
compression is done under pressure and at a rapid pace. 
If a compressed gas cylinder, such as a self-contained 
breathing apparatus, bottle is filled too rapidly, the 
bottle itself will heat up as the bottle absorbs the 
mechanical heat energ y created by the rapid compres-
sion of the breathing air. As the bottle cools off, the 
compressed gas, in this case air, will be subject to a 
lowering of the available pressure and thus the volume of 
air in the bottle. This is why all compressed gas cylinders 
should be filled slowly. 

Nuclear heat sources. The two forms of nuclear heat 
energ y are fusion and fission. Nuclear heat energ y is 
generated when atoms are either split apart, which is 
called fission, or combined, which is called fusion. 

Nuclear material is radioactive and unstable. These 
materials are constantly breaking down during a molec-
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Conduction. Conduction occurs when heat is trans-
ferred by direct contact between solid objects. One 
example is a steam pipe from a building’s heating 
system that comes into contact with wooden structural 
members. The heat from the steam is transferred to the 
metal pipe that carries the steam to the heating system, 
providing heat for the building. The metal pipe absorbs 
this heat and transfers it to the wooden structural 
member, such as a ceiling joist in a basement that the 
steam pipe is in contact with. The constant heat being 
applied to the wood does several things. The heat dries 
the wood and causes the cellulose in the wood to break 
down. When the wood has been subject to enough heat 
and the wood has reached its ignition temperature, the 
wood will ignite and begin to smolder. This decomposi-
tion—breaking down of the wood under heat—is also 
known as pyrolysis. 

There are several important points to remember 
regarding conduction. The heavier and denser a material 
is, the better conductor of heat it is. So metals are excel-
lent conductors of heat. The second point is that ability to 
transfer heat by conduction is directly related to the mass 
of the object and the quantity of heat being released. A 
single candle burning will not generate the same amount 
of heat as a large bonfire. If you put the end of a six-inch 
deep metal I-beam into both fires, the I-beam exposed 
to the candle would barely warm up whereas the I-beam 
exposed to the bonfire would quickly heat up and 
could—through conduction from the end immersed in 
the fire to the other end—ignite combustibles away from 
the initial source of the fire, in this example the bonfire. 
This happens in real building fires when a steel beam 
passing through a wall between two rooms is heated by 
a fire in one room and ignites objects in the other room 
through conduction (fig. 5–7). 

All matter is thermally conductive and will absorb, hold, 
and transmit heat. This ability is generally dependant on 
the density of a substance, which is the ratio of its mass 
to volume. If the substance is very dense, its thermal 
conductivity is high, whereas if the substance has low 
density, its thermal conductivity is low. Substances that 
have low thermal conductivity are good insulators since 
they inhibit the transfer of heat. Examples would include 
fiberglass and mineral wool. Substances that have high 
thermal conductivity are thought of as poor insulators 
and will allow the transfer of heat, such as metals. 

Fig. 5 –7. A steel beam exposed to fire in one room can 

ignite materials in an adjacent room. 

Convection. Convection is the transfer of heat via a 
fluid medium, either liquid or air. Flames and heated 
gases/smoke passing over a material’s surface will transfer 
heat through convection. Many objects are ignited in 
this way (fig. 5–8). 

Fig. 5 – 8. As flame passes over the surface of a material, it 

can ignite the material. 

An accepted principle of physics is that warm air will 
rise and cooler air will fall. This is because, as air is 
warmed, the density of the air is reduced making the 
air lighter and allowing it to rise. As the air rises in the 
atmosphere, heat is given off to the surrounding air. 
When the heated air reaches the same temperature and 
density as the surrounding air, upward movement stops 
since equilibrium has been achieved. As the air’s density 
begins to increase, it now begins to fall back down to 
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slowly moves to the point of total consumption. Glowing 
embers will be the final indicator that the fire is about to 
cease because all of the available combustibles have been 
consumed by the fire. 

During a fire, all four phases may be seen simultaneously, 
albeit in different locations. A unique example is a high-rise 
building fire, especially when the involved area is above the 
reach of fire department hose streams. As the fire burns a 
floor, the floor above is pre-heated. When sufficient ignit-
able vapors are emitted, ignition occurs on the floor above 
while the fire is burning. The fire in the floor above, grows 
until the entire floor becomes involved, which is now 
pre-heating the floor above. Concurrently, as the fire now 
consumes all available combustibles on the original floor 
of involvement, the fire in that floor enters the decay stage 
until the fire ultimately dies out from a total lack of fuel. 

EXPLOSIONS 
During your firefighting career, you will likely respond to 
the scene of an explosion after it has occurred. You may 
even be a witness to an explosion taking place. Explosions 
are not common events, but is important to understand 
the basics of these potentially deadly events. According 
to NFPA 921, an explosion is “the sudden conversion of 
potential energ y (chemical or mechanical) into kinetic 
energ y with the production and release of gases under 
pressure, or the release of gas under pressure. These high-
pressure gases then do mechanical work such as moving , 
changing , or shattering nearby materials.” Explosions 
occur very quickly and usually have devastating results. 
Explosions will be covered in some subsequent chapters. 

There are two types of explosions: deflagrations and 
detonations. The difference is the speed in which they 
occur: the “combustion zone” (blast wave) moves slower 
than the speed of sound in a deflagration, while the 
combustion zone in a detonation moves faster than the 
speed of sound. 

Natural gas explosions and many dust explosions are 
examples of a deflagration (fig. 5–15a). The use of an 
explosive such as TNT (trinitrotoluene) results in a 
detonation (fig. 5–15b). Generally speaking , defla-
grations, while destructive and potentially deadly, 
do not have the same “shattering effect” of the more 
powerful detonation. 

a 

b 
Fig. 5 –15. Results of a) gas explosion and b) TNT explosion. 

(Cour tesy of David Forward) 
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