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The Fire Triangle

combustible oxygen
wood,paper,gasoline.... ( air )

energy

flame , heat , friction ...
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The Fire Triangle
How to extinguish the fire ?

energy

oxygencombustible Suppression of the combustible
• isolation of the combustible from the oxygen with 

sand, blanket,foam, aqueous film from AFFF

energy

oxygencombustible Suppression of the energy
• cooling down with water

energy

oxygencombustible Suppression of the oxygen
• replacement of air by nitrogen or CO2 or water mist
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The Classes of Fire

CLASS  A FIRE  =
• All material that produces embers

• wood ; paper ; straw ; cotton ......…

CLASS B FIRE  =
• combustible liquid

• hydrocarbon solvent ; gasoline ; alcohol ; keton .....

CLASS C FIRE  =
• gas fire

CLASS D FIRE =
• metal fire
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AFFF:AFFF:
AAQUEOUSQUEOUS FFILMILM FFORMINGORMING FFOAMOAM

For non water-miscible solvents fires 
(hydrocarbon solvents, gasoline….)
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AFFFAFFF-- AR:AR:
AQUEOUSAQUEOUS FFILM ILM FFORMINGORMING FOAMFOAM

For water-miscible solvents fires ( alcohols,ketons….) 

AALCOHOLLCOHOL--RRESISTANTESISTANT
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FFFP:FFFP:
PPROTEINROTEIN FFLUORO LUORO FFILM ILM FFORMINGORMING

For non water-miscible solvents fires 
(hydrocarbon solvents, gasoline….)
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FFFPFFFP--AR:AR:
PPROTEINROTEIN FFLUOROLUORO FFILMILM FFORMINGORMING

AALCOHOLLCOHOL--RRESISTANTESISTANT

For water-miscible solvents fires ( alcohols,ketons….) 
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Film Formation-Spreading Coefficient

SC = ST( H )  - (ST(s)+ ST( i ))

ST( H )      = surface tension of hydrocarbon solvent

  

ST( s ) = surface tension of aqueous solution

ST ( i )       = interfacial tension hydrocarbon / solution

for an AFFF solution SC must be   > 0
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Film Formation-Spreading Coefficient

22         - (        16 + 6 ) = 0

22          - (      16 + 3 ) = 3

22           - ( 72 + 44.5    )        = - 94.5

22           - ( 35 + 0 ) = - 13

H
C

HC

water

AFFF solut.

HC

fs surfactant

hc surfactant

HC

ST
hydrocarbon

ST
aqueous solution

IT
hydrocarbon/solution SC
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THE ACTION OF AFFF AND FFFP
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SURFACTANTS

HYDROCARBON SURFACTANT                            FLUORINATED SURFACTANT

RFRF polar
headRH

polar
head

hydrophilic hydrophilic
oleophilic                                       oleophobic
lowers interfacial tension lowers surface tension
between AFFFsolutions and hydrocarbons            of AFFF solutions
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Main standards for foam concentrates

ISO 7203-1 (International)

EN 1568-3 (European)

UL 162 (US)

Mil.Spec. F-24385F (US Military)
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COMPOSITION OF AFFF FOAM CONCENTRATE
FOR

hydrocarbon solvents/gasoline

Hydrocarbon surfactants

FLUORINATED SURFACTANT

Glycol ether

Anti-freeze
(optional )

Biocide (optional)
Anti-corrosive agent

(optional)

Foam formation

Foam formation
Spreading coefficient
Thermal stability

Foam stabilizer
cosolvent for surfactants

Protection against freezing

Additives
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COMPOSITION OF AFFF-AR FOAM CONCENTRATE
FOR HYDROCARBON SOLVENTS AND

WATER-MISCIBLE SOLVENTS (ALCOHOLS , KETONES…)

Hydrocarbon surfactants

FLUORINATED SURFACTANT

Glycol ether

Anti-freeze
(optional )

Biocide (optional )
Anti-corrosive agent

(optional )

Foam formation

Foam formation
Spreading coefficient
Thermal stability

Foam stabilizer
cosolvent for surfactants

Protection against freezing

Additives

Polymer
Gel formation 
at the solvent surface
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USE OF AQUEOUS FOAM FOR FIRE FIGHTING 

(SOLVENT FIRE)

FOAM used to : - Deposit water at the solvent surface

FOAM CREATION :

Foam concentrate

Water
Venturi

Air

Foam

REQUIRED PROPERTIES :   - Stability at a temperature as high as possible

- spreading on the solvent         :  SC = γHC - (γS +  γI)

Hydrocarbon surface tension

Foam concentrate surface tension

Interfacial tension between the hydrocarbon and the foam concentrate
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COMPOSITION OF A FOAM CONCENTRATE FOR

POLAR SOLVENTS

Hydrocarbon surfactant
or protein

FLUORINATED SURFACTANT

Butylcarbytol

1,2 propane diol

Polysaccharide

Mw ≈ 2,5.106

Foam formation

Foam formation
Spreading coefficient
Thermal stability

Foam stabilizer
cosolvent for surfactants

Protection against freezing

Gel formation at the solvent
surface
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www.firesuppression.dupont.com
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