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Background
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Project WP18-1519 was a SERDP 
Exploratory Development (SEED) project 
executed from March 2018 to March 2019

The project responded to the FY18 Statement 
of Need: Innovative Approaches to Fluorine-

Free Aqueous Film Forming Foam
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Groundwater contamination  by PFOA



Technical Objectives
● Synthesize surfactants from POSS and 

aminoalkylsiloxanes as drop-in replacements for 
perfluorosurfactants in AFFF

● Foams with new fluorine-free surfactants will be 
formulated to extinguish gasoline pool fire in 45 seconds 
or less

● POSS and aminoalkylsiloxane surfactants will be tested 
for biodegradation by measuring chemical and biological 
oxygen demand by microorganisms
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Technical Approach
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Synthesis of Surfactants

Measure Surface Tension

Too low

Small Pool Fire
Suppression

Evaluate toxicity 
and biodegradation

28 ft2 gas 
pan fire

Too Slow

no

Scale-up surfactant for 
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Synthesize Less Hydrophobic POSS cage? 
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Incorporate Phosphate Into POSS For water Solubility?
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18APS-AA AFFF



Results

19



Results

20



Results

21



Results

22



Results

23



Results

24



Results

25



Results

26

Counter Ion Could be important to surface tension
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Technology Transfer

● Presented Poster at SERDP Symposium
● Could submit research paper about results 

to technical journal
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Key Points

 POSS was difficult to make into surfactant 
and had only weak activity

 Salts of aminoalkylsiloxanes appear to be 
good surfactants

Carboxylate salts of aminoalkylsiloxanes had 
positive spreading coefficient on cyclohexane 
but could not extinguish heptane pool fire

 The aminoalkylsiloxane surfactants may have 
stability issues in water solution

31



Future Research
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The ammonium alkylsiloxanes have good surface tension data and should 
be studied further

The aminoalkydisiloxane and aminoalkyltrisiloxane can be derivatized
with alkylhalide to make many variations

The hydrolysis or decomposition of siloxane surfactants should be studied 
further to determine exact chemical reactions and by-products

Synergism of ammonium alkylsiloxanes and hydrocarbon surfactants 
may make ‘stable’ solutions similar to NRL findings

Run small scale pool fire experiments with the ammonium alkylsiloxanes
with and without hydrocarbon surfactants (BASF Glucopons)

An additional $200K for 1 year should be enough to 
accomplish these studies



Publications

● Poster presented at the 2018 SERDP Symposium, 
Washington DC, Wednesday 28 November 2018.
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Project Funding

FY18 FYxx FYxx

Funds received to date ($K) 200

% Expended 200

Funds Remaining ($K) 0



WP18-1519: Surfactants with Organosilicate
Nanostructures for Use as Fire-Fighting Foam (F3)

Performers: Matthew Davis Ph. D. NAWC China Lake

Technology Focus
• New Materials Useful for Hydrocarbon Pool Fire Fighting

Research Objectives
• Synthesize surfactants from POSS and aminoalkylsiloxanes with 

positive spreading coefficients on hydrocarbon fuels that can 
• put out gasoline pool fires in 45 seconds.

Project Progress and Results
• POSS surfactant was not effective. Aminoalkylsiloxane carboxylates 

were good surfactants with positive spreading on cyclohexane but 
one example salt could not extinguish a heptane pool fire.

Technology Transition
• Ammonium alkylsiloxane surfactants are easy to synthesize and 

show promising surface tension data but may have hydrolysis issues 
which must be studied further.  
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