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1. INTRODUCTION

The numbers of the wild land fire and the surface damage 
from the wild land fire over the world are much larger than 
Japan. In Japan, the wild land of an average 1413 
hectare(ha) per year was burned down from 2010 through 
20111), on the other hand, in the US, an average 1680 
thousand ha per year was burned down from 2004 to 
20132) and it is 1200 times of burned down area in Japan. 

Figure 1 shows the fire map of the world in April, 20093) 

and the red area is the fire burned area. The fire burned 
area is located not only in the near equatorial region 
where it is subjected to a high temperature but in the tropi-
cal rain forest area or the green space area. This shows 
that a lot of wild land fire is occurring in the red area.

The fire in the US is only a small part from a worldwide 
perspective. The fire risk is rapidly increasing because of 
the global warming. Recently not only the forest fire but 
the peat fire along Southeast Asia is focused on the big 
issue in the world. The peat is the soil of the accumulated 
dead leaves, branches and dead trees for several tens of 
thousands years and once ignited by the presence of the 
heat source, the carbon dioxide absorbed in the peat soil 
is released all at once. The amount of the emission 
comes up to 10 to 30 % of the amount of emitted carbon 
dioxide over the world per year.

The objects of the project are the development of the 
new fire-fighting agent which is effective against the wild 
land fire and to make an international contribution to pre-
vent the global warming.

2. CONCEPT

Since the wild land fire covers a widespread area, the fire-
fighting method is the aerial application of the fire-fighting 
water from the helicopter or the aircraft. (Figure 2)

Since there are some problems to get the water supply 
in the mountain area, the road narrowness for the fire 
truck to access, the limitation of the applied water flow 
from the helicopter, it is effective for the fire-fighting to use 
the fire-fighting agent at the place where the water 
amount is limited4), for example the mixed product of the 
mixed fire-fighting agent and water. Upon the aerial appli-
cation of fire-fighting water from airplanes to the fire site, it 
tends to diffuse and dissipate due to the airstream of the 
plane as well as the pneumatic resistance. This led to 
insufficient prevention of fire spread, since the agent 
would not adequately reach the site. In order to solve the 
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Figure 1 Global Fire Map in April, 2009 provided by NASA.
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problem, the airplane has to fly low or make a slow flight 
which is dangerous.

Based on the back ground mentioned above, we 
planned to develop the fire-fighting agent composed of 
the viscosity improved water to prevent the fire-fighting 
agent from diffusing or dissipating, and which would not 
be retained in the surrounding environment when it is 
applied to the site.

3. RESEARCH & DEVELOPMENT TEAM

The development of the fire-fighting agent was started on 
the basis of the collaboration between the Polymer 
Material R&D Laboratories of R&D Division of Furukawa 
Electric and the University of Yamanashi.

4. CHARACTERISTICS OF  
THE FIRE-FIGHTING AGENT 

In our development by the team, we achieved the new 
fire-fighting agent based on the concept of a good flame 
propagation prevention performance. The composition of 
the agent consisted of the biodegradable polysaccha-
rides as the thickener to solve the diffusion or dissipation 
of the fire-fighting water and a dispersion agent consist-
ing of a surface-active agent and a polysaccharide to 
improve flame propagation prevention performance and 
water solubility. The evaluation of the developed product 
and the marketed product is shown in Table 1.

Among the important properties of the fire-fighting 
agent, the stability in hard water, the aerial application, 
the biodegradability and the metallic corrosion were bet-
ter than the marketed products.  The flame propagation 
prevention performance is equal to them. As for the prop-
erty of the toxicity to fish, it is lower than the marketed 
products, but the result was over the criteria of the stan-
dard. The developed product is satisfactory for the impor-
tant properties and the lower concentration is favorable 
from the cost perspective. 

The developed product is relevant to the fire-fighting 
agent for the wild land fire. The flame propagation pre-
vention performance and the aerial application are men-
tioned in detail.

4.1 Fire Flame Propagation Prevention Performance
The flame propagation prevention performance of the 
developed product and the marketed product were evalu-
ated by the flame propagation testing equipment shown 
in Figure 3 in accordance with ASTM E1321. Table 2 
shows the adhesion state of the water mixed with the fire-
fighting agent to the ignition panel. Figure 4 shows the 
relationship between the firing time and the concentration 
of the fire-fighting agent in the water. The firing time was 
relative to the water, where the water was 1.

Figure 2 Image of the dropping water by the aircraft.
 (Photo credit : ShinMaywa Industries, Ltd.)

Table 1 Comparison of the fire-fighting agent.

Item Developed 
product

Marketed 
product A

Marketed 
product B

Mixture 
concentration

○
0.8～ 3.0％

◎
0.4～ 1.2％

×
1.0～ 3.0％

Solubility ○ ◎ ×

Stability in 
hard water ◎ × ×

Aerial 
application

◎
1.28 times

×
0.56 times

－ *1

Flame 
propagation 
prevention

◎
2.3 times

◎
1.6 times

◎
1.6 times

Biodegradability
◎

Ready 
biodegradable*2

×
Non-

biodegradable*2

×
Non-

biodegradable*3

Toxicity to 
fish (LC50)

○
32 mg/L*4

◎
280 mg/L*5

◎
1,400 mg/L*5

Metallic 
corrosion ◎ × ○

Effect on 
plastic ◎ ◎ ◎

(Explanation of the symbol ◎ : Great ○ : Good × : Poor)

*1  the experiment was stopped, because the viscosity of the fire-fighting 
agent was too high to discharge from the test apparatus.

*2 OECD 301B, CO2 Evaluation Test

*3 OECD 301D, Closed Bottle

*4 OECD, 203, Oncorhynchus mykiss

*5 OPPTS 850.1075, Oncorhynchus mykiss
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It is preferable to use the low concentration of the fire-
fighting agent in water from a cost and control perspec-

tive. The concentration of 0.5 to 1.0 % is the most prefera-
ble and the experiment and the evaluation were achieved 
in this range of the concentration. The result shows that 
the flame propagation prevention performance of the 
developed product equals or exceeds that of the market-
ed product and the performance keeps in the wide range 
of the concentration.

The flame propagation prevention performance of the 
marketed product A depended largely on the concentra-
tion of the fire-fighting agent in water. The product A con-
sisted of the superabsorbent polymer (SAP) and the high-
er concentration of the SAP leads to the excessive water 
solubility and forms a lump which does not adhere to the 
physical object and loses the prevention performance. 
The product B shows a good performance in the condi-
tion of more than 2% of the concentration; however the 
expected effect was not achieved at a concentration of 
0.5% to 1.0%.

The condition of the product A or the product B with the 
fire-fighting water depends largely on the water quality. 
The concentration of the fire-fighting agent has to be 
adjusted to the water quality for the product A or B, how-
ever it is hardly met at the fire site. Comparing with the 
marketed product, since the developed product keeps a 
good flame propagation prevention performance in the 
wide range of the concentration of the fire-fighting agent, 
it is convenient for the fire man to use the developed 
product.
4.2 Aerial Application
The dispersion density of 1.6～2.4ℓ/m2 is relevant for aer-
ial application from the airplane shown in Figure 5. It 
shows that the good flame propagation prevention perfor-
mance depends on the dispersion quantity being more 
than 1.6ℓ/m2 and the larger dispersion surface area.
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Figure 4 Flame propagation prevention performance of each 
fire-fighting agent.

GoodBad Bad

≧2.4ℓ/m2

≧1.6ℓ/m2

≧0.8ℓ/m2

＜0.8ℓ/m2

The effective dispersion 
density is small because 
of the fire water dispersed 
widely.

The effective dispersion 
density is small because of 
the dispersion concentration.

The effective 
dispersion density is 
more than 1.6ℓ/m2

Figure 5 Example of the dispersion density.

Agent Adhesion state

Developed 
product

The improved viscosity 
of the liquid or the gel-
like material

Marketed 
product A

Water swelled polymer

Marketed 
product B

High viscosity liquid 
material

Table 2 Adhesion state of each fire-fighting agent to the 
ignition panel.

Figure 3 Flame propagation testing equipment, the heating part 
(Left) and the ignition panel (Right).



Eco-Friendly Fire-Fighting Agent for Wild land Fire

 Furukawa Review, No. 44 2013 42

The dispersion density of the developed product and 
the marketed product was evaluated on the experiment of 
the aerial application in the laboratory. Table 3 shows the 
effective fire extinguishing area for each of the fire-fighting 
agent. The effective area ratio for the extinguisher of the 
fire-fighting water with the extinguishing agent was rela-
tive to the water with the dispersion density area of more 
than 1.6ℓ/m2, where the water is 1. The effective area 
ratio of more than one (1) is relevant for the fire-fighting 
agent.

The effective extinguishing area of the marketed prod-
uct A is smaller than the water without the fire-fighting 
agent because of forming of the lump. The developed 
product tends to diffuse and dissipate due to the air-
stream of the plane as well as the pneumatic resistance. 
However, in more than 0.5 % of the mixture concentration, 
the component in the fire-fighting agent makes a molecu-
lar network and the effective extinguishing area ratio 
becomes larger because the network prevents the diffu-
sion.

The relevant concentration of more than 0.8 % shown in 
Table 1 is needed to satisfy with the request for the vis-
cosity.

5. CONCLUSION

We succeeded in discovering the composition of the gel 
form fire-fighting agent which is suitable for the aerial 
application for the wild land fire and the composition pat-
ent was submitted to the domestic and overseas Patent 
Offices5).

With respect to supply to the US market, we need to 
have the certification from the third party organization and 
be registered in the Qualified Product List (QPL) of USDA 
Forest service. The certified system for the wild land fire in 
Canada or Australia or Europe is needed to investigate, to 
prepare for the product to the area and to expand the 
extinguisher business.
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The fire-fighting 
agent

Concentration
(W/W%)

Effective 
extinguishing area

none 1.00

Product A 0.500 0.56

Developed product 0.495 1.28

Table 3 Effective fire extinguishing area of each fire-fighting 
agent.


