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ABSTRACT

Oil, coal and chemical fires are often difficult to put out using water.  In certain hydrocarbon fires, protein foam
can extinguish fires better than water by keeping air (oxygen) away from the flames and by “blowing” the flame
away from its fuel source.  Egg albumin is a relatively inexpensive protein and is representative of foaming proteins,
which are candidates for use as fire suppression agents.  This paper begins to deal with the effect of the foam bulk
pH, foam protein concentration and generating air flow rate into the foam on the fire extinguishing time in
laboratory experiments. A Bunsen burner was used to generate a small, controlled laboratory fire within a plastic
container, which represented a point source in a partially open room in the experiments.  The Bunsen burner
represents a gaseous hydrocarbon fire, which can be difficult to extinguish. Both a low pH foam and one made with
a high air flow rate favor a reduction in time required to put out the Bunsen burner flame.
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INTRODUCTION

“The conventional method of putting out fires
using water can be ineffective against liquid fuel
fires fed by gasoline, coal or chemicals.  Using
water to suppress fires can also pose other
problems like damage to neighboring electrical
appliances and computers.  Water is relatively
heavy so it may not be suitable for putting out fires
in airplanes or spacecraft” (Reisch, 2001), where it
must be carried. A partial alternative to
using water for fire suppression is to employ
fire-extinguishing protein foam (which
contains only a fraction of the water used in the
former method).  Foam can create a barrier
between the required oxygen in the air and a
flame.  Halons are widely used to create fire
suppression foams, but halons are ozone depleting
and may contribute to increased UV exposure on

the earth (US Department of Transportation,
2001). The replacement of halons with non-
fluorocarbons such as proteins may reduce the rate
of ozone depletion.
This paper deals with the feasibility of using egg
albumin foam to suppress a gaseous hydrocarbon
fire.  Egg albumin protein is selected as a
representative foaming protein due to its relativly
low cost, low-toxicity and biodegradability.
Methane is used as the gaseous hydrocarbon fuel.

MATERIALS AND METHODS

Albumin (lot no. 119H0910) was purchased from
Sigma.  The protein solution was prepared by
dissolving solid albumin in water to the desired
concentration.  The pH of the solution was
adjusted by the addition of 0.1 M HCl or 0.1M
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NaOH.  The pH was measured by a Chemcadet
pH meter (model No. 5984-50).
The apparatus is depicted in Fig. 1.  The foam was
formed by passing air through the bulk solution in
the column. The glass column was 2.5cm in
diameter, 45cm long and contained 100 ml of bulk
protein solution initially.  The compressed air from
the building air line was first passed through a
beaker containing water (the air humidifier) before
entering the column, in order to minimize the loss
of water from the column during the foaming
process.  The airflow was measured by a
rotameter. Following the rotameter, the air flowed
through a glass fritted disc sparger at the bottom of
the column creating small air bubbles in the bulk
fluid. The air superficial velocity (airflow rate
divided by the inside cross-sectional area of the
column) was varied between 2 and 2.7 cm/s.  The
fire quenching time, measured with a wrist watch,
was the time required to put out the natural gas-fed
Bunsen burner flame in a plastic container which
was open to foam at the top. The Bunsen burner
was inserted into the spout of this bottomless 1-
gallon plastic milk jug as illustrated in Fig. 1.  The
Bunsen burner flame represents a hydrocarbon
fire.  The flame height was controlled using the
natural gas line valve. It was adjusted to two
positions in this study: 5 and 10 cm.

RESULTS AND DISCUSSION

A hydrocarbon fire may be easily ignited but
difficult to extinguish. It was observed here that at
the time the top of the flame was extinguished by
foam, a final flash of the flame was emitted from
the bottom of the plastic jug.  The reference pH of
the generated foamate solution (before adding HCl
or NaOH) was 6.3.  The isoelectric point of
albumin is around pH 4.7.  The effect of pH on the
quenching time for a 5 cm flame is shown in Fig.
2.  It was observed that the quenching time
decreased away from the peak at pH 6.3 for both
acidic and basic foams.  For the 10 cm flame it is
seen in Fig. 3 that as the pH decreased from 6.3 to
3.9, the quenching time decreased from 23 seconds
to 19 seconds.  Raising the pH above 6.3 leads to
an increase in quenching time up to pH 8.2,

followed by a decline for higher pH’s.  Thus, it is
observed that it takes longer to put out a 10 cm
natural gas flame than a 5 cm flame at all pH’s
using albumin foam and especially for pH’s
above 6.3.
The effect of the air superficial velocity used to
generate the foam on the fire quenching time was
observed.  An increase in the foam generating air
flowrate is directly translated to an increase in the
rate at which the foam enters the quenching
container.  The air superficial velocity of the
generated foam was changed by adjusting the
airflow rate into the column.  The air superficial
velocity also affected the character of the foam by
changing the foam air void fraction.   Higher
velocities generally lead to more water entrapment
in the foam, hence, wetter foams.  Wetter foams in
this study seemed to put out flames better than
drier foams.  As noted in Fig. 4, an increase in air
superficial velocity from 2 cm/s to 2.7 cm/s
reduces the quenching time by 53% for a 5 cm
flame. The data were readily replicated when the
air superficial velocity was varied, as noted by the
small magnitude of the standard deviation in Fig. 4.
The protein concentration of the bulk solution also
exhibited an inverse relationship with the
quenching time.  As the protein concentration
increased for the runs where the superficial
velocity was above 2.25 cm/s, the quenching time
decreased.  From Fig. 5, it was seen that an
increase in air superficial velocity enhanced the
effect of an increase in the concentration of the
bulk solution on reducing the quenching time for
all of the tested superficial velocities.  In addition,
the difference in quenching times between the
different concentrations increased as the air
superficial velocity increased.  At an air superficial
velocity of 2 cm/s, the quenching times were all
within 1 second of the mean 15 seconds quenching
time. At the air superficial velocity of 2.7 cm/s, the
quenching times varied within 3 seconds of the
mean 5 seconds quenching time, indicating very
rapid extinguishing conditions.   Presumably, the
increase in air superficial velocity leads to a
greater protein mass recovery and the resulting
increase in water in the foam.  The enhanced water
content most likely is responsible for the faster
quenching rate.
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Figure 1 - The Experimental Setup for the fire quenching test using egg albumin foam produced in a
foam fractionation column

Figure 2 - The effect of varying the egg albumin bulk solution pH on the quenching time for a 5 cm
flame.  The air was passed through a 1 g/L albumin solution at 2 cm/s.
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Figure 3 - The effect of varying the egg albumin bulk solution pH on the quenching time for a 10 cm
flame. The air was passed through a 1 g/L albumin solution at 2 cm/s.

Figure 4 - The effect of varying the egg albumin foam superficial velocity at pH 6.0 and protein
concentration of 1 g/L on the quenching time for a 5 cm flame.
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Figure 5 - The effect of varying the egg albumin foam superficial velocity at pH 6.0 and different bulk
solution concentrations on the quenching time for a 5 cm flame.

Use of egg albumin foam was found to be an
effective method for natural gas fire suppression in
a confined space.  It successfully pushed the fire
away from the source and prevented air from
reaching to the flame.  Here, the plastic milk jug
(with the bottom cut off) served as a laboratory
model for a room.  The Bunsen burner served as a
point source of a fire flame within the room. The
quenching time for a 5 cm flame can be reduced
from as much as 21 seconds to 2 seconds by
adjusting the foam pH, air superficial velocity and
albumin concentration.

CONCLUSIONS

The fire quenching time depended directly on the
pH, air superficial velocity, and concentration of
the albumin bulk solution for a given Bunsen
burner flame height.  A low pH, a high superficial
velocity and a concentrated bulk solution together
are one combination for rapid fire suppression
using an egg albumin foam.

RESUMO

Chamas produzidas por óleo, carvão e produtos
químicos (incêndios provocados) são difíceis de
ser extinguidos com água. Algumas chamas de
hidrocarbonetos podem ser extinguidas por
espumas protéicas melhor do que a manutenção de
ar (oxigênio) fora do alcance das chamas ou pelo
sopramento da chama para longe da sua fonte.
Albumina de ovo é uma proteína relativamente
barata e é representativa dentre as proteínas usadas
como espuma para a (supressão) extinção de
agentes causadores de incêndio. Este artigo trata
do estudo do efeito do pH e concentração da
espuma protéica, além da geração de ar no interior
da espuma, sobre o tempo de extinção de incêndio
em experimentos laboratoriais. Nos experimentos
um bico de Bunsen foi usado para gerar uma
pequena chama, controlada em um container de
plástico, representando uma fonte pontual em um
ambiente parcialmente aberto. A chama do bico de
Bunsen representa uma chama gasosa de
hidrocarbonetos, que são difíceis de ser extintas.
Ambos os fatores, baixo pH de espuma e uma alta
de aeração, favorecem a redução do tempo de
extinção da chama de Bunsen.
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