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Abstract— Emerging rapid urbanization in India, industrial
growth and failure of implementation of basic fire safety
laws. The foremost menace for industries now is ignition and
fire hazards. Water is incompatible with classes of fire. After
the implementation residue is left by water while
extinguishing fire. Water is not compatible with electric type
class E fires as well as water cannot be used in environment
where fragile electric appliances are involved Thus there is
demand for new extinguishers and new extinguishers are
developed each day .The type of fire extinguisher termed as
clean agents as per the national fire protection association are
proving to be more efficient and exhibit more compatibility
with all the classes of fire. These new agents exhibit much
more effectiveness and are capable of extinguishing fire in
initial stages with very less concentration of clean agents in
comparison to water. Halons showed more compatibility with
the different classes of fire and were the successful fire
extinguisher but as it had high Ozone Depleting Potential
(ODP) and Global Warming Potential (GWP), halons were
banned due to its adverse effect on environment. Research on
various halon replacement is going on but ideal replacement
on halon is not found yet. So there is need of comparing the
various fire extinguisher available in the market on the basis
of their compatibility on all classes of fire and as well as
factors such as global warming potential ,0zone depletion
potential and their effect on human health.
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I. INTRODUCTION

As per NFPA classification of fire, there are five classes of
fire, Class A: Fire involving combustible hydrocarbons, Class
B: Fire involving combustible and flammable liquids and
gases, Class C: Fire involving electrical equipment, Class D:
Fire involving metals and Class K: Kitchen fire as in Water is
most commonly used fire extinguishing agent but now a days
fire are becoming more and more complex which require
special extinguishing agents, known as “Clean Agents”.
Halons were generally successful with all categories of fire
but due to their adverse effect on environment they were
banned from general use because of Montreal treaty in 1978
mainly because of its ozone depletion potential. Hence to
replace the halons clean agents were invented. Still ideal
replacement of halons is not found. This paper aims at
comparing the various fire extinguishers in the market on
parameters such as compatibility with the all classes of fire as
well as other parameters such as global warming potential and
ozone depletion potential and their effect on human health.
This paper helps to conclude the desired extinguishing agent.
This paper also contains the study of halon replacements and
fire extinguishing process of clean agents, their advantages
and disadvantages.

Il. THEORY

Gaseous fire suppression is a term which is used to describe
the use of inert gases and chemical agents to extinguish a fire.

It is also known as Clean Agent Fire Suppression. These
agents are governed by the NFPA 2001: Standard for Clean
Agent Fire Extinguishing Systems.[3]

A. Agents Used for Total Flooding[1]

1) Halon 1301 (CBrF3)
2) Argon Gas (IG-01)

3) Nitrogen Gas (1G-100)
4) CO;

5) Foam

6) Dry powder

7) Wet chemical

I11. CLASSIFICATION OF FIRE

There are six classes fire.[3]

Class A, Class B, Class C, Class D, ‘Electrical’, and Class F

1) Class A fires — combustible materials: caused by
flammable solids, such as wood, paper, and fabric

2) Class B fires — flammable liquids: such as petrol,
turpentine or paint

3) Class C fires — flammable gases: like hydrogen, butane
or methane

4) Class D fires — combustible metals: chemicals such as
magnesium, aluminium or potassium

5) Electrical fires — electrical equipment: once the electrical
item is removed, the fire changes class

6) Class F fires — cooking oils: typically a chip-pan fire.

IV. FIRE EXTINGUISHING AGENTS

A. Using Water as an Extinguishing Agent

Water extinguish the fire by taking away the heat element of
the fire triangle. Water extinguishes are for Class A fires only
- they should not be used on Class B or C fires. The discharge
stream could spread the flammable liquid in a Class B fire or
could create a shock hazard on a Class C fire.[1]

B. Advantages of Water as an Extinguishing Agent

1) Water is relatively inexpensive when compared to other
extinguishing agents such as dry chemical, CO2, halons
and foam.

2) Water is readily available in adequate quantities under
most circumstances. However, sources of supply should
not be assumed to be free of failure or infinite in quantity.

3) With proper planning and forethought, water can be
easily, safely and effectively used as a fire extinguishing
agent.

C. Disadvantages of Water as an Extinguishing Agent

1) Water by itself will not extinguish flammable liquid fires
under most circumstances.

2) Water can spread flammable liquid fires.

3) Use of water may increase the amount of hazardous
materials requiring disposal.

4) Water may react with some materials creating excessive
heat and toxic vapors.
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5) In addition to spreading flammable liquids, when water
is applied to a high flash point, high viscosity liquid (such
as asphalt), “frothing’ or “slop-over” may result.

6) Because of surface tension, water by itself has difficulty
penetrating some dense, deep seated class a fires, causing
excessive run off and decreasing firefighting
effectiveness.

7) Water can conduct electricity and may pose a safety
hazard to firefighting personnel if proper, listed nozzles
or other devices and precautions are not used.

8) 2 % ogallon portable fire extinguishers weigh
considerably more than similarly rated extinguishers
using other agents, weight may therefore be a factor for
the personnel using these extinguishers.

9) If water is used in conjunction with foam application it
can disturb or destroy the foam blanket, allow flammable
vapor to be released.

V. USING DRY POWDER AS AN EXTINGUISHING AGENT

Dry Chemical fire extinguishers extinguish the fire primarily
by interrupting the chemical reaction of the fire triangle.
Today's most widely used type of fire extinguisher is the
multipurpose dry chemical that is effective on Class A, B, and
C fires. This agent also works by creating a barrier between
the oxygen element and the fuel element on Class A fires[1].
Ordinary dry chemical is for Class B & C fires only. It is
important to use the correct extinguisher for the type of fuel!
Using the incorrect agent can allow the fire to re-ignite after
apparently being extinguished successfully.

A. Advantages of Dry Power as an Extinguishing Agent

1) Good extinguishing effect.
2) Can extinguish live equipment.
3) Frost-resistant.

B. Disadvantages of Dry Powder as an Extinguishing Agent

1) Aot of collateral damage.
2) Increased risk of re-ingition.
3) Barely no cooling effect.

VI. USING FOAM AS AN EXTINGUISHING AGENT

Foam fire extinguishers are suitable for use on class A and
class B fires but should be used differently depending on
which type of fire they are being used on. The extinguishing
agent is aqueous film forming concentrate in water which
forms air foams when discharged through an aspirating
nozzle. It has a blanketing effect excluding oxygen from the
surface of the fuel as it spreads on the fuel. Foam prevents
vapor formation from the surface of the burning liquid.

A. Advantages of Foam as an Extinguishing Agent

1) Simple to use

2) Limited collateral damage.

3) Cooling effect reduce the risk of re-ignition.
4) Can extinguish live equipment.

B. Disadvantages of Foam as an Extinguishing Agent
1) Long spraying time.
2) More expensive than powder fire extinguisher.

VII. USING CO2 AS AN EXTINGUISHING AGENT

Carbon Dioxide fire extinguishers extinguish fire by taking
away the oxygen element of the fire triangle and also be
removing the heat with a very cold discharge. Carbon dioxide
can be used on Class B & C fires. They are usually ineffective
on Class A fires. CO; extinguishers are mainly used for Class
B and C fires. CO; extinguish the fire by displacing oxygen
in the surrounding air.

A. Advantages of Dry Power as an Extinguishing Agent

1) CO; is safe and clean agent in most cases, CO2 is
noncorrosive and does not leave a residue.

2) COz is not harmful to most substances with exception of
certain combustible metals, it is safe to use and will not
react when applied.

3) CO; can easily penetrate to inaccessible areas, it has the
ability to penetrate deep into areas which are not easily
accessed by fire-fighters.

4) CO02 is non-conductor of electricity; CO is suitable for
use on fires where electrical systems may still be under
pOoWer.

5) CO; is heavier than air, CO; is 1.5 times denser than air
and on discharge it will remain at low level where it will
displace oxygen, useful when dealing with large surface
area fires.

6) Unlike Halons, CO; does not thermally decompose and
give off harmful products

B. Disadvantages of Foam as an Extinguishing Agent

1) Insufficient concentration (7 %), CO; can be act as an
asphyxiant.[4]

2) CO is easily dispersed by wind thus it is not very much
effective against fires in open areas or in areas with
strong wing currents.

3) CO;hasa GWP of 1.[4]

4) To store CO; as a liquid, it must be pressurized to over
50 bars, hence storage containers are relatively large and
heavy.

5) Because of the discharge characteristics of CO,, it tends
to be noisy when being discharged which may surprise
nearby persons.

6) CO;impaired visibility as it is discharged from container
as a dense white cloud.

7) The application of CO, must continue until the fire is
fully extinguished.

VIII. USING HALON 1301 AS FIRE EXTINGUISHING AGENT

Halon is such halogenated hydrocarbon which was used

widely as an extinguishing agent for a Class A, Class B and

Class C Fire. It has low toxicity and great effectiveness as a

flame inhibiter and explosion suppressant. It is considered as

a clean agent which does not wet or leave residual

material.[5]

1) Molecular Formula: CBrF3

2) Molecular Weight: 148.9 u

3) Point: -57.750 C

4) Critical Temperature: 66.9°C

5) Critical Pressure: 39.56 barHalon 1301 as a Clean Agent:
Halon is a chemical compound of carbon, fluorine,

and bromine. It is a pure compound and not a mixture of
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chemicals[5]. It is able to penetrate hard-to-reach places that
may not be possible in case of other gaseous fire
extinguishing agents. The exact process by which Halon
extinguishes fire is not clearly understood, but it is generally
through to be a chemical chain reaction rather than a physical
effect. It perhaps interacts with the chemical chain required
to support combustion and stops the fire quickly without
leaving any residue. However, it will not extinguish fire
involving burning metals, metal hydrides or materials that
contain their own oxygen from fixed systems.

A. Advantages of Halons as Fire Extinguishing Agent:

1) It is colourless, and electrically non-conductive, non-
corrosive, non-abrasive liquefied gas which leaves no
residual effect.[5]

2) It can be stored indefinitely in metal container and
requires, very less space for storage.

3) Halon leaves no mass; hence it is the ideal protection for
delicate equipment.

4) It does not impair visibility and thus no movement
hazard.

5) Safe in presence of electricity.

6) It does not impair visibility and thus no movement
hazard.

7) Halon-system is a very simple process for installation
and it does not require any associated times like piping,
number of nozzles, stands etc.

8) No clean up and salvage operations after fire.

9) By virtue of its lower toxicity, higher volatility and lower
molecular weight, halon offers particular advantages for
total flooding system.

B. Disadvantages of Halons as Fire Extinguishing Agent

1) Concentrations above 10 % are hazardous to life, so
cannot be used for deep-seated fires.[5]

2) Recharging costs are expensive.

3) Its GWP (Global Warming Potential) is 6900.

4) Its ODP (Ozone Depletion Potential) is 12.

5) Its atmospheric life time is 65 years.

6) Halon decomposition at approximately 482.20C. The
products of decomposition are hydrogen fluoride and
hydrogen bromide with small quantities of other
chemical. So when fire reaches its flame stage Halon
may create problems to persons entrapped

7) It is effective on two main classes of fire Class A, Class
B but not on Class C.

IX. USING FM-200 AS A FIRE EXTINGUISHING AGENT:

FM-200 is a waterless fire protection system. It is discharged
into the risk within 10 seconds and suppresses the fire
immediately as in. FM-200 does not reduce oxygen
concentration from hazard or risk. The normal concentration
of FM-200 gas is between 7.9% to 8.5%. The main advantage
of FM-200 is that a small amount of agent is required to
suppress a fire. [2].Thus, it requires less space for cylinders
storage. FM-200 can extinguishing fire in 10 seconds or less
which means less damage, lower repair costs.

A. Advantages of FM-200 as Fire Extinguishing Agent:

1) Falls in the category of clean agent and is governed by
NFPA-2001.[2]

2) NOAEL level for cardiac sensitization is 9 % (United
States Environment Protection Agency allows
concentration of 9 % volume in occupied spaces without
any mandate time).

3) First non-ozone depletion replacement for Halon 1301

4) It will not burn.

B. Disadvantages of FM-200 as Fire Extinguishing Agent:

1) Decompose at high temperature and produce hydrogen
fluoride.

2) Expose would cause irritation

3) Normally stable, but can become unstable at elevated
temperature and pressure.

X. CONCLUSION

A. Comparison of Parameters of different Extinguishing
Agents.

Parameters\Agent Halon Novec

s 1301 water CO, Dry powder AFFF foam FM- 200 1230

Safe For Humans No Yes No No . Mild es Yes

discomfort
Non Corrosive Yes Yes Yes Yes Yes Yes Yes
Toxic By Yes Yes None None None None Non
Products e
Discharge Time 60 60 60 60 60 10 10
(sec)

Banned Yes No No No Yes No No

Fire Class A 2 No Yes Yes Yes Yes Yes Yes
Fire Class B @ No Yes No Yes No Yes Yes
Fire Class C 2 No Yes No Yes No Yes Yes
Electric Fire No No Yes Yes No Yes Yes
Class F No Yes No No No No No

By Brea Cooling &
Extinguishing _By Breqk king Chain Oxygen Oxygen Oxygen Breaking Chain .
ing Chain Displ . . . Cooling
Method R . Reac- Displacement | Displacement Reaction
eact ion tion acem ent
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Alternative To ) No No No No Yes Yes
Halons
Storage Space Low High | Medium |  Medium Medium Least Low
Required
ODP° 12 3 0 0 0 0 0
GWP ¢ 7140 - 0 0 0 3500 1
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