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ENCAPSULATOR TECHNOLOGY OVERVIEW 
 
 
 

 Introduction 
 

 
F-500 Encapsulator Agent is mainly known as a firefighting agent for its high 
extinguishing characterization, with no difference of usage as an additive in 
freshwater or saltwater in low percentages or if not insignificant. 

 
The evidence of the extinguishing process is surprising, also for remarkable 
temperature and smoke reduction. That said, it is important to underline that F-500 
EA is not only an extinguishing agent. 

 
F-500 EA is a micelle encapsulating agent which improves the performance of the 
equipment in terms of speed of cooling and fire extinguishment. F-500 EA essentially 
acts on the three key chemical physical factors: 

 
• Reduction of surface tension of water produces extension of the wetted 

surface, allowing for major penetration of mixture F-500/water inside of 
the material with consequent quick reduction of fire. 

• Micelle formation and maintenance. 

• Interruption of the free radicals chain reaction. 
 

F-500 EA is a surface-active amphipathic bivalent molecular, which is characterized 
by two ends: a polar end (hydrophilic) which dissolves in water and a non-polar end 
(hydrophobic) which repels water looking for the other molecules, these two ends 
are separated enough to act independently from each other. 

 
F-500 EA, because of its high molecular weight acts as an inhibitor to the chain 
reaction of the free radicals. These are uncharged molecular fragments with high 
energy which colliding with the fuel at high speed, release heat and more free 
radicals, and that sets up a chain reaction of the combustion process. 

 
So, F-500 EA absorbs the energy of the free radicals during the collision, and as the 
energy of the combustion system is reduced via elimination of the free radicals, the 
fire is extinguished, preventing coalescence and soot and smoke formation. 
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This brings significant advantages, especially considering that reduction of 
extinguishing time is absolutely greater than fire extinguishment with water and 
water/AFFF. In fact, rapid heat reduction substantially reduces the spontaneous re-
ignition potential and combustion of the surrounding infrastructure just like smoke 
reduction and consequent increase in visibility allow for a better management of 
fire, by promptly acting on it. 

 
Among numerous classes of compounds F-500 EA belongs to the category of 
amphipathic molecules have simultaneously hydrophilic and hydrophobic 
properties. When in water, these molecules prevent from contacting the non-
polar ends with the solvent, forming molecular groups -micelles. The action of F-
500 EA can be easily explained: 

 

• water emulsion of the product mixes the fuel creating a barrier of water 
molecules between the free radicals released from the combustion process 
and the fuel; these free radicals discharge its energy to the water molecules 
which evaporating, drastically reduce the temperature. So we are in front of the 
process of the fire extinguishment: 

o fire control is aimed at "eliminating" the fuel, so it is inertised by means 
of molecular encapsulating. 

 

The F-500 EA goes beyond the characteristics described above, and the laboratory 
experiments have proven some which stimulate the research in the direction of 
further functionalities. 

 
It is useful to make a short summary of what has been ascertained: 

o F-500 EA has an extraordinary stability: a pail of F-500 EA opened and 
sampled in 1999 has shown the same chemical-physical characteristics 
as in 2010; 

o A solution of F-500 EA at 1,3,6 % prepared with freshwater (aqueduct) in 
March 2010 is still stable in September 2010; (I) 

o The product evaporates without boiling between 70 and 80°; (1) 
o The F-500 EA solution at any percentage acts as a soap but does not evoke 

phenomena of friction reduction; (1) 
o F-500 EA reacts with any organic molecule both in liquid and in gas state. (1) 

(attached references) 

 
It is obvious that among the molecules able to form Micelles, F-500 EA shows 
characteristics of an objective innovation which present an area of further 
examinations, to the chemical structure and the molecular clusters which it forms. 

 
F-500 EA is not a simple firefighting product but a Multipurpose micelle forming 
product of a high efficiency. 
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What is F-500 Encapsulator Agent? 

F-500 Encapsulator Agent is a unique chemical with the ability to encapsulate carbons 

and hydrocarbons on a molecular level. The micelles that are formed when the 

molecules interact, not only encapsulate, but rapidly cool and interrupt the free 

radical chain reaction. 

 
These attributes make F-500 EA extremely versatile in multiple applications: 
 
 

Fire Suppression - F-500 EA can 

extinguish three-dimensional fires, such 

as flowing liquid fuel fires, flange fires 

and gas fires, as well as Class A, Class B 

polar (ethanol, acetone, ethanol-

blended fuels EIS and E85), Class B 

nonpolar (diesel fuel, oil, gasoline, 

kerosene, jet fuel) and Class D fires 

(magnesium, titanium). After testing 

multiple agents, F-500 EA is the only 

agent recommended by ConEdison and 

FDNY for extinguishing transformer fires 

and tested and used by multiple 

companies as the only solution to 

extinguish lithium-ion battery fires. 

 

 

 

Spill Control - Hydrocarbons spilled on a 

hard surface can quickly be rendered 

nonflammable with a simple application of 

F-500 EA mixed with water at 3%. The F- 500 

EA will encapsulate the hydrocarbons that 

will remain nonflammable until the F- 500 

EA, water and hydrocarbon solution 

evaporates. 
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Tank Degassing and Cleaning - 

F-500 EA dissolves accumulated 

hydrocarbons and encapsulates 

hydrocarbon vapours, rendering them 

non-flammable and providing quick 

access to storage tanks for repairs or 

maintenance. 

 

 

 

Soil Remediation - F-500 EA has been 

shown to encapsulate spilled hydrocarbons 

up to 36" (91.5cm) into soil. The F-500 EA 

provides a rich environment for naturally 

occurring bacteria to thrive. The 

hydrocarbons are nonflammable while 

remediation is occurring. In situ remediation 

is a cost­ effective alternative to land 

farming, landfill disposal, thermal 

desorption or 

vapor extraction. 

Dispersing Agent - When 

hydrocarbons are spilled on waterways, 

F-500 EA can be used to remediate the 

spill. As the hydrocarbon is floating on 

the water, microorganisms can only 

attack the oil slick from underneath, 

creating an ineffective and toxic 

environment. An application of F-500 

EA will encapsulate and disperse the 

hydrocarbon molecules, suspending the 

hydrocarbons in the water column. This 

allows the naturally occurring 

microorganisms to break down the 

hydrocarbons. 
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How Does F-500 Encapsulator Agent Work? 

The heart of F-500 Encapsulator Agent is a large, amphipathic molecule. An 

amphipathic molecule has a polar head and a nonpolar tail, with sufficient distance 

between the two so they act independently. The polar head is attracted to water; the 

nonpolar tail is attracted to carbons and hydrocarbons. 

 
 
 
 
 
 
 
 

 
 

 

When mixed with water, the molecules 

instantly form spherical micelles, with the 

polar heads on the surface and the 

nonpolar tails on the inside. 

The F-500 EA micelles remain like this 

until they become droplets, as the leave 

the nozzle. 

 
 
 
 
 
 
 
 
 
 
 
 

 

F-500 EA Solution Leaves the 
Nozzle 

 
 

 
 
 

 

 

As the solution of water and F-500 EA 

leaves the nozzle, the tails of the F-500 EA 

molecules nearest the surface turn 

outward to get away from the water, 

forming a protective skin on the surface. 

Many spherical micelles remain inside this 

newly formed droplet. 
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The Fire Tetrahedron tells us there are four elements to fire. Removing any one of 

those elements can extinguish a fire. Foam extinguishes a fire by separating the fuel 

from the oxygen. 

F-500 Encapsulator Agent actually extinguishes a fire three ways; "Heat Reduction" - if 

you remove the heat; you extinguish the fire. We also covered "Encapsulation." If you 

render the fuel non-flammable, you also extinguish a fire. The third way F-500 EA 

extinguishes a fire is by Interrupting the Free Radical Chain Reaction." Dry chemicals 

extinguish a fire this way. 

This is significant. In addition to encapsulating carbons and hydrocarbons, F-500 EA is 

also encapsulating the free radicals that sustain combustion, resulting in 

extinguishment. At the same time, the thickest black smoke quickly turns into a warm, 

white vapor. Testing shows up to 98.6% of the toxins are removed, including cancer-

causing toxins. 

 
 
 

 
 

The quantity of micelles inside the 

droplet corresponds to the percentage 

of F-500 EA in the solution. Even at one-

half percent, the F-500 EA skin forms 

perfectly, protecting the droplet, but 

there are fewer micelles inside. For hot 

fires, like Class D combustible metal 

fires, we recommend a 3% solution to 

absorb the intense heat more rapidly. 

Nevertheless, a 1 % solution still works 

on Class D fires, without explosions, but 

cooling takes a little longer. For Class B 

fires, 3% F-500 EA is also recommended 

so you have the maximum number of 

micelles to absorb the hydrocarbon 

vapors and surface fuel. 

 

 
F-500 EA Droplet Cutaway 
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Rapid Heat Reduction 
 
 
 
 
 
 
            F-500 EA Droplet         Water Droplet 
 

Water removes heat through steam conversion. As a plain water drop gets near the heat 

source, heat is removed as steam at 212° F (100° C). With a small fire, water can reach the 

fire and extinguish it. With a large fire, the water simply evaporates, never reaching the 

fire's source. The only answer is more and more water. Water is a poor conductor of heat 

and very inefficient. Only 3-5% of the water reduces the heat.  

Adding foam into water still creates a lot of steam. With very hot fires, the foam heats up 

and rises into the air, never reaching the fire. If you apply enough foam to create a 

substantial blanket, you may temporarily extinguish the fire, but you've trapped in the 

heat. As the foam blanket fails, the fuel will reignite if it is still above the autoignition 

temperature of the fuel.  

The F-500 EA droplet removes heat through thermal conveyance. As the droplet gets near 

the fire, it doesn't evaporate. It draws the heat into the droplet, like a thermal circuit. 

There is no scalding steam after the fire. 
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Heat is Absorbed Into the droplet Like a Thermal Circuit 

 

Clemson University Study – Heat Reduction 

F-500 Encapsulator Agent's ability to reduce heat was tested compared to foam. Two large 

steel plates were heated to about 1200°F (650°C). The temperature was monitored with 

a thermocouple. Seven tests were conducted at 3% F-500 EA and seven tests for 6% AFFF. 

The temperatures were monitored for five minutes. 

The study found that after the first cooling phase, the foam seemed to act as an insulator, 

retaining the heat of the metal plates. After one minute, the temperature was still above 

572°F (300°C).  

With F-500 EA the temperature decreased to below 212°F (100°C) in seconds. This is 

significant because the temperature drops below the autoignition temperature of the 

fuel. This is "Permanent Bum Back Resistance." Without sufficient heat, the can be no fire.  

On the other hand, the AFFF temperatures remained above the autoignition temperature 

of most fuels, meaning any break in the foam blanket and autoignition will occur. This is 

"Temporary Bum Back Resistance." This is why NFPA 11 Table 5.8.1.2 recommends any 

foam be applied to a nondiked fuel spill for a minimum of 15 minutes, to assure the 

blanket will remain viable until the temperature of the fuel drops below the autoignition 

temperature.  

The difference between the cost of extinguishing a highway fuel spill with F-500 EA and 

with foam is staggering. Even after the temperature of the fuel has dropped below the 

autoignition temperature, you still have to deal with the fuel, which is still flammable. 

With F-500 EA, you can extinguish the fire and render the fuel nonflammable in minutes. 
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Heat Dissipation 

 

F-500EA Encapsulator Agent vs. Foam 

 

 

 

 

 

 

 

 

 

 

Encapsulation 

 

The other important aspect of the F-500 EA droplet is the nonpolar tails want to attach to 

hydrocarbon. In the air, they attach to hydrocarbon vapors. Again, the droplets transform 

as the tails are drawn inward, enveloping the hydrocarbons in micelles, or chemical 

cocoons. As the solution hits the hydrocarbon liquids, hydrocarbon molecules on the 

surface are also enveloped. Trapped in micelles, the hydrocarbon is nonflammable and 

cannot ignite.  

Encapsulating vapors and surface hydrocarbon molecules is enough to extinguish any 

Class B fire, but total encapsulation is possible with a simple formula; one part F-500 EA 

and forty parts of water to eight parts of fuel. This is convenient if you need to encapsulate 

fuel spilled on a highway. The fuel can be rendered non-flammable and left to evaporate. 
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F-500 EA Micelle with encapsulated Hydrocarbons 
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Plain Water vs. 3% F-500 EA 

1. Light Transmittance 

(Smoke Reduction) 68% Increase in Visibility 

2. Soot Reduction 97% Reduction in Soot 

3. Soot Toxicity 98.6% reduction in Toxicity 

Differences between Wetting Agent, Foam and Encapsulator Agent 

FOAM  

NFPAII 

Surface Tension Reduction 

• Aids in spreading the blanket 

Blankets 

• Separates fuel from oxygen to 

smother the fire 

Heat Reduction 

• Blanket insulates and traps the heat 

• Counterproductive to heat 

reduction 

• Requires maintenance of 

separation for extended period 

until heat slowly dissipates 

 

 

 

 

ENCAPSULATOR AGENT 

NFPA18A 

Surface Tension Reduction 

• Aids in Spreading MEA 

Encapsulation 

• Encapsulates fuel and vapor 

molecules and renders them non-

flammable and non-ignitable 

Heat Reduction 

• Changes the heat reduction 

mechanism of water droplet 

• 10-20 times faster heat reduction 

than plain water, wetting agents 

and foam 

Interrupts Free Radicals 

• Empirically Proven 

• High Molecular Density Theory 

 

 

 

 

 

Interruption of Free Radical Chain Reaction 

This is significant. In addition to encapsulating carbons and hydrocarbons, F-500 EA 

is also encapsulating the free radicals that sustain combustion, resulting in 

extinguishment. At the same time, the thickest black smoke quickly turns into a 

warm, white vapor. Testing shows up to 98.6% of the toxins are removed, including 

cancer-causing toxins. 
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Clemson University Study - Smoke Studies 

 

Three specific tests were conducted using inverted glass funnels and burning 

toluene. The first test measured the density of the smoke using a 

spectrophotometer across the chimney, measuring light transmittance. To measure 

the reduction in smoke, soot that accumulated on the funnels was weighed. In the 

third test, a high-volume air sampler was used to draw the smoke through collection 

thimbles containing florisil. The florisil sorbents were extracted for toxicity 

evaluations and further tested with H4IIE rat hepatoma cell assays to determine 

carcinogenicity. 

 

 

Water Spray          F-500 EA Spray 

        First Test Series     Second Test Series 

            Water Sprayed         F-500EA Encapsulator Agent @ 3% 

     Through Smoke Plume            Sprayed Through Smoke Plume 

 

 

Nine tests were conducted. Three free bums were done without water or F-500 

Encapsulator Agent. Three tests used plain water and the final three sprayed a 3% 

solution ofF-500 EA. 

It was significant that F-500 EA was applied to the smoke plume, and not to the fire. 

This is evidence that F-500 EA interrupts the free radical chain reaction, inhibiting 

the soot particles from coalescing and sustaining combustion. 

 

 
Toxicity of Soot 

 

 

  

Photoresistor 

Measure lightTransminance 
Reduction) 

 

 

Inverted Glass Funnel 


