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ABSTRACT

A fire extinguishing agent containing non-ionic surfactant which is environmentally friendly and
low cost was prepared and tested its characteristics and fire fighting performance. Ethoxylated
sorbitol septaoleate, containing 40 moles of ethylene oxide as the primary surfactant, linear ethox-
ylated secondary alcohol, containing 7-11 moles ethylene oxide as the secondary surfactant, and
ethoxylated sorbitol trioleate, containing 40-50 moles of ethylene oxide were used in the agent.
It is demonstrated that the water solution containing 6 wt% agent is capable to extinguish gaso-
line fire when it is put into the fire four times as much as gasoline. According to the field test of
class B fire with a unit 1, it is found that the fire fighting performance is directly proportional to
the concentration of surfactant in the agent.
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Table 1. HLB value required for emulsification of oil and wax®
chemical compounds | CAS | HLB chemical compounds I CAS ] HLB
O/W Emulsion O/W Emulsion
Acetophene 98-86-2 14 Lauryl alcohol 112-53-8 14
Beeswax 8012-89-3 9 Linoleic acid 60-33-3 16
Benzene 71-43-2 15 Menhaden oil 8002-50-4 12
Benzonitrile 100-47-0 14 Methyl phenyl silicone 42557-10-8 7
Bromobenzene 108-86-1 13 Methyl silicone 9076-37-3 11
Butyl stearate 123-95-5 11 Mineral oil, aromatic 8012-95-1 12
Carbon tetrachloride 56-23-5 16 Mineral oil, paraffinic 8012-95-1 10
Carnauba wax 8015-86-9 15 Mineral spirits 8030-30-6 14
Castor oil 8001-79-4 14 Mink oil 8023-74-3 9
Ceresine wax 8 Nitrobenzene 98-53-3 13
Cetyl alcohol 36653-82-4 16 Nonylphenol 25154-52-3 14
Chlorinated paraffin 8029-39-8 12-14 o-Dichlorobenzene 95-50-1 13
Chlorobenzene 108-90-7 13 Oleic acid 112-80-11 17
Cocoa butter 6 Oleyl alcohol 143-28-2 14
Corn oil 8001-30-7 8 Palm oil 7
Cottenseed oil 8001-29-4 6 Paraffin wax 8002-74-2 10
Cyclohexane 110-82-7 15 Petrolatum 8009-03-8 7-8
Decahydronaphthalene 91-17-8 15 Petroleum naphtha 8030-30-6 14
Decyl acetate 112-30-1 11 Pine oil 8002-09-3 16
Decyl alcohol 25339-17-7 15 Polyethylene wax 9002-88-4 15
Diethylaniline 91-66-7 14 PPG-15 Stearyl Ether 25231-24-4 7
Diisooctyl phthalate 27554-26-3 13 Propylene tetramer 9003-97-0 14
Diisopropylbenzene 25321-09-9 15 Raseseed oil 8002-13-9 7
Dimer acid 61788-89-4 14 Ricinoleic acid 141-22-0 16
Dimethyl silicone 9016-00-6 9 Safflower 7
Ethylaniline 103-69-5 13 Soybean oil 6
Ethyl benzoate 93-89-0 13 Stearyl alcohol 112-92-5 15-16
Fenchone 1196-79-5 12 Stylene 100-42-5 15
Hexadecyl alcohol 36653-82-4 11-12 Tallow 61789-97-7 6
Isodecyl alcohol 25339-17-7 14 Toluene 108-88-3 15
Isopropyl myristate 110-27-0 12 Tridecyl alcohol 112-70-9 14
Isopropyl palmitate 142-91-6 12 Trichlorotrifluoroethane 76-13-1 14
Isostearic acid 2724-58-5 15-16 Tricresyl phosphate 1330-78-1 17
Kerosene 8008-20-6 12 Xylene 1330-20-7 14
Lanolin, anhydrous 8006-54-1 12 W/O Emulsion
Lard 61789-99-9 5 Gasoline 7
Lauramine 124-22-1 12 Kerosene 8008-20-6 6
Lauric acid 143-07-7 16 Mineral oil 6
Stearyl alcohol 112-92-5 7
ol A FE AeHd FEe 2¥E veh]  Pad HLBRS 8-18Atol2 deid Uck®
), A4 A= HLB7E wou, 2174 fsiA= £ AFelM AMSE 100% AstokAe] 8L £ A
HLB7} =4 Jehdtl dvbdgoz /W emulsiono]  H&4A 24 Ethoxylated sorbitol oleates ] v
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Table 2. HLB value for surfactants®

R EX
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Surfactant Type | HLB Surfactant Type | HLB
Oleic acid (112-80-1) N [ 1.0 | POE (20) sorbitan tricleate (9005-70-3) N 110
Lanolin alcohols (61788-49-6) N | 1.0 | POE (8) stearic acid (monoester) (9004-99-3) N |111
Acetylated sucrose diester N | 1.0 {POE (50) sorhitol hexaoleate (9011-294) N |114
Ethylene glycol distearate (627-83-8) N [ 13 | POE (6) tridecyl alcohol (24938-91-8) N | 114
Acetylated monoglycerides N | 15 | PEG 400 monostearate (9004-99-3) N 117
Sorbitan trioleate (26266-58-6) N | 1.8 |Alkyl aryl sulfonate A 117
Glycerol dioleate (25637-84-7) N 1.8 | Triethanolamine oleate soap (2717-15-9) A |120
Sorbitan tristearate (26658-19-5) N [ 21 |POE (8) nonylphenol (9016-45-9) N 123
Ethylene glycol monostearate (111-60-4) N 2.9 | POE (10) stearyl alcohol (9005-00-9) N (124
Sucrose distearate (27195-16-0) N | 3.0 [POE (8) tridecyl alcohol (24938-91-8) N | 127
Decaglycerol decaoleate (11094-60-3) N | 3.0 |POP/POE condensate N | 127
Propylene glycol monostearate (1323-39-3) N | 34 |POE (8) lauric acid (monoester) (9004-81-3) N [128
Glycerol Monoleate (25496-72-4) N [ 34 |POE (10) cetyl alcohol (9004-95-9) N | 129
Diglycerine sesquioleate N | 35 |Acetylated POE (10) lanolin N | 130
Sorbitan sesquioleate (8007-43-0) N | 3.7 | POE (20) glycerol monostearate (53195-79-2) N |131
Glycerol monostearate (31566-31-1) N | 3.8 [PEG 400 monolaurate (9004-81-3) N [131
Acetylated monoglycerides (stearate) N [ 3.8 |POE (16) lanolin alcohol (61790-81-6) N |132
Decaglycerol octaoleate (66734-10-9) N | 40 |POE (4) sorhitan monolaurate (9005-64-5) N |133
Diethylene glycol monostearate (106-11-6) N | 43 | POE (10) nonylphenol (9016-45-9) N [133
Sorbitan monooleate (1333-68-2) N [ 43 |POE (15) tall oil fatty acids (ester) N | 134
Propylene glycol monolaurate (10108-22-2) N | 45 |POE (10) octylphenol (9002-93-1) N | 136
High-molecular-weight fatty amine blend C | 45 [PEG 600 monostearate (004-99-3) N |136
POE (1.5) nonyl phenol (9016-45-9) N | 46 | POP/POE condensate N {138
Sorbitan monostearate (1338-41-6) N | 4.7 | Tertiary amines: POE fatty amines C |139
POE (2) oleyl alcohol (25190-05-0) N 49 | POE (24) cholesterol (27321-96-6) N | 140
POE (2) stearyl alcohol (9005-00-9) N | 49 | POE (14) nonylphenol (9016-45-9) N | 144
POE sorbitol beeswax derivative N | 50 | POE (12) lauryl alcohol (9002-92-0) N (145
PEG 200 distearate (9005-08-7) N | 50 |POE (20) sorbitan monostearate (9005-67-8) N [149
Calcium stearoxyl-2-lactylate (5793-94-2) N | 51 }Sucrose monolaurate (25339-99-5) N | 150
Glycerol monolaurate (27215-38-9) N | 52 |POE (20) sorbitan monooleate (9005-65-6) N {150
POE (2) octyl alcohol (27252-75-1) N | 53 |POE (16) lanolin alcohols (8051-96-5) N ]150
Sodium-O-stearyllactate (18200-72-1) N | 5.7 |Acetylated POE (9) lanolin (68784-35-0) N | 150
Decaglycerol tetracleate N | 6.0 |POE (20) stearyl alcohol (9005-00-9) N | 153
PEG 300 dilaurate (9005-02-1) N | 6.3 |POE (20) oleyl alcohol (25190-05-0) N }153
Sorbitan monopalmitate (26266-57-9) N | 6.7 |PEG 1000 monooleate (9004-96-0) N | 154
N,N,-Dimethylstearamide (3886-90-6) N 7.0 | POE (20) tallow amine (61790-82-7) C | 155
PEG 400 distearate (900508-7) N | 7.2 |POE (20) sorbitan monopalmitate (9005-66-7) N [156
High-molecular-weight amine blend C | 75 |POE (20) cetyl alcohol (9004-95-9) N (157
POE (5) lanolin alcohol (61790-91-8) N | 7.7 | POE (25) propylene glycol monostearate (3723160-0) | N [ 16.0
Polyethylene glycol ether of linear alcohol N | 7.7 | POE (20) nonylphenol (9016-45-9) N |16.0
POE octylphenol (9002-93-1) N [ 7.8 |PEG 1000 monolaurate (9004-81-3) N | 165
Soya lecithin (8020-84-6) N | 80 |POP/POE condensate N [16.8
Diacetylated tartaric acid esters of N | 80 |POE (20) sorbitan monolaurate (9005-64-5) N |169
monoglycerides
POE (4) stearic acid (monoester) (9004-99-3)] N | 80 |POE (23) lauryl alcohol (5002-92-0) N ]169
Sodium Stearoyllactylate (18200-72-1) A | 83 | POE (40) stearic acid (monester) (9004-99-3) N [169
Sorbitan monolaurate (1338-43-8) N | 86 |POE (50) lanolin (ether and ester) (61790-81-6) N 1170
POE (4) nonylphenol (9016-45-9) N | 89 |POE (25) soyasterol (68648-64-6) N |170

sty - e, Al6H A3E, 2002H
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Table 2. Continued

Surfactant Type | HLB Surfactant Type | HLB
Calcium dodecyl benzene sulfonate A | 9.0 | POE (30) nonylphenol (9016-45-9) N | 171
(26264-06-2)
Isopropyl ester of lanolin fatty acids N | 90 | PEG 4000 distearate (9005-08-7) N | 173
POE (4) tridecyl alcohol (24938-91-8) N 9.3| POE (50) stearic acid (monoester) (9004-99-3) N | 179
POE (4) lauryl alcohol (9002-92-0) N 95| Sodium Oleate (143-91-1) N | 180
POP/POE condensate N 95| POE (70) dinonylphenol (9014-93-1) N | 180
POE (5) sorbitan monooleate (9005-65-6) N | 10.0| POE (20) castor oil (ether, ester) (61791-12-6) N | 181
POE (40) sorbitol hexaoleate (9011-29-4) N | 10.2| POP/POE condensate N | 187
PEG 400 dilaurate (9005-02-1) N | 10.4| Potassium oleate (143-18-0) N | 20.0
POE (5) nonylphenol (9016-45-9) N | 105| N-cetyl-N-ethyl morpholinium ethylsulfate(35%) N | 300

(78-21-7)

POE (20) sorbitan tristearate (9005-71-4) N | 10.5| Ammonium lauryl sulfate (2235-54-3) N [ 310
POP/POE condensate (9003-11-6) N | 10.6| Triethanolamine lauryl sulfate (139-96-8) N | 340
PQE (6) nonylphenol (9016-45-9) N | 109| Sodium alkyl sulfate N | 400
Glycerol monostearate-self emulsifying A | 110
(31566-31-1)
POE (20) lanolin (ether and ester) N | 110

Table 3. Component and composition of the 100% agent

Component wt%

Ethoxylated sorbitol septaoleate, containing 40

35.6
moles of EO
Ethoxylated sorbitol trioleate, containing 40-50

13.9
moles of EO
Linear ethoxylated secondary alcohol, 20.7
containing 7-11 moles EO :
Polyoxyethylene cetyl ether, containing 18-22

33
moles of EO
Water 26.5
Total 100.0

AHE4 A ZA] Linear ethoxylated secondary alcohol
& Agste] zAsiglor] 19 24 Table 3o
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Fig. 1. Equipment for emulsion performance test.
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Fig. 2. Infra red spectrum of the sample agent.
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Fig. 3. HPLC analysis of the sample agent.
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Fig. 4. Water content of the sample agent.
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Fig. 4= Mettler ToledoAt®] HR73 Moisture

Table 4. Physical properties of agents
Result

29 dyne/cm @ 16°C
32 dyne/cm @ 20°C

Physical Properties

Surface tension

Freezing point -3°C
Boiling point 100°C
Solubility in water soluble

stable at room temperature

Stabih.tyn()f and 50°C. restore its original
emuisio state after remelting
H 6.7 @ 16°C
P 69 @ 20°C
850 cP @ 0°C
Viscosity 220 cP @ 16°C

40 cP @ 50°C

1.03 @ 25°C
1.02 @ 23°C

Specific Gravity

Fig. 5. Corrosion test.

Analyzer FX & AME-Ete] 105°Ce] dA T XA
A7 Fot 27] FEko] 2.725g9 AlRE WA EH
250k B3t A RS EAst] de AxEA A
S ol oF 265 wt.ed-2 st

3.1.4 Asleke] 4

Table 40 A3}ofAle] EA4E velfich £ ®
o] 20°0CA 729 dyne/emollM AHBAA7} E
oj7ro 24 32 dyne/emE 343

3.2 35 54 AMH

& Y S 6wthe] L5k FRAH} ZF
ol 7F2 125 mm, AZ 25 mm, ¥4 1.6 mm<]
72, &5 2 Hs ANEE 47 ol 30Ut F
7} F0e7 A5 ZAE 480 Fig. 59 Fig.

T. of Korean Institute of Fire Sci. & Eng., Vol. 16, No. 3, 2002



68 o1& - ol - w1l

Fig. 6. Specimen shape after corrosion test.
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Fig. 7. Corrosion rate for the selected metals in the
agent and the water.
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Fig. 8. Reflective index vs. heptane concentration in
CCl,.
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Table 5-A. Ignition test for the mixture of heptane and agent sample

Condition : No Water added

Volume (I(;f[)heptane Z%llltlllggnoirgl? volume % of heptane Comt;;ltslfg);; upon Remark
0.1 9.9 1 non-inflammable
0.2 9.8 2 non-inflammable
0.3 9.7 3 non-inflammable
04 9.6 4 non-inflammable
05 9.5 5 non-inflammable
0.6 94 6 non-inflammable
0.7 9.3 7 flammable immediately extinguish
0.8 9.2 8 flammable
0.9 9.1 9 flammable
1 9 10 flammable

glsjay - 2ursty] A6 A3E, 20024
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Table 5-B. Ignition test for the mixture of heptane and agent sample

Procedure: 1. completely mixing of 6% agent with heptane
2. added the above solution on the water layer
3. ignition
Volume of heptane [Volume of 6% solution Volume % of Volume of water Combustion
(mf) (mf) heptane (ml) upon ignition
0.1 9.9 1 04 non-inflammable
0.2 9.8 2 0.8 non-inflammable
0.3 9.7 3 1.2 non-inflammable
04 9.6 4 16 non-inflammable
0.5 95 5 2 non-inflammable
0.6 94 6 2.4 non-inflammable
0.7 9.3 7 2.8 flammable
0.8 9.2 8 3.2 flammable
0.9 9.1 9 3.6 flammable
1 9 10 4 flammable

Table 5-C. Ignition test for the mixture of heptane and agent sample

Procedure: 1. completely mixing of 6% agent with heptane
2. added the above solution on the water layer and mixing again
3. ignition
Volume of Volume of 6% Volume % of Volume of water Combustion
heptane (m/) solution (mJ) heptane (mf) upon ignition
0.1 9.9 1 0.4 non-inflammable
0.2 9.8 2 0.8 non-inflammable
0.3 9.7 3 1.2 non-inflammable
04 9.6 4 1.6 non-inflammable
0.5 9.5 5 2 non-inflammable
0.6 94 6 24 non-inflammable
0.7 9.3 7 2.8 flammable
0.8 9.2 8 3.2 flammable
0.9 9.1 9 3.6 flammable
1 9 10 4 flammable
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Fig. 9. Field test for performance of the 6% agent
sample.
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