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Technology Focus

Development of PFAS-free firefighting foam (PFFF) to
replace toxic and bio-persistent PFAS containing
Aqueous Film Forming Foam. (AFFF) for use on DoD
bases and by the FAA

Research Objectives

Evaluate the effectiveness of fluorine-free
firefighting (F3) foam formulations produced by
ADA Technologies to develop a product that
meets the updated MIL-SPEC standards for
Class B firefighting foam.

Technology Transition

« Validate ADA formulations in extreme conditions.
« Deployment in larger scale equipment

Results (Top performing formulation)

« Extinguishment Time: 13.8 sec @ 0.32 GPM/sqft
» 25% Burnback Time : 112 sec

« Expansion Ratio : 4.43

« Surface Tension : 22.5 dyne/cm

» Viscosity : 334 cp
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Key Points

Lower surface tension has diminishing returns on reducing
extinguishment, but is directly proportional to improved burnback
resistance.

Film formation may still be possible even with negative spreading
coefficient.

Delivery method is essential in determining extinguishment.
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Technical Objective

o Evaluate ADA formulations performance to meet MIL-

Oct 2023
Jan 2023 Oct 2024 :
New Car;]not Cannot use DoD Inventory of In Service 2,500,000 gallons
MILSPEC P%X(s: :IEEF PFAS AFFF Foam Concentrate | Reserve Stock 500,000 gallons

o Characterize formulation’s non-extinguishment qualities:
- Expansion Ratio

- Surface Tension

- Viscosity

- Drainage Time
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Technical Approach

-

Valucs \ -
Requirement T pphakie Test
Type 3 Type 6 publication paragraph

Refractive index, minimum L3630 13580 = 471
Viscosily, cenlistokes ASTM D445-74 4172

Maximum at 5 °C 20 10

Minirmum a1 25 *C 2 2
Hydrogen ion concentration (pH) TOwss | 70w 8s - 473
Spreading coefficient, minimum 3 3 _ 4.7.4
Foamability:

Foam expansion, minimum 50 50 NFPA 5TD 412 475

Foam 25% drainage lime, minules, minimum 25 25 NFPA STD 412 4.7.5
Corrosion rate:

General

Cold rofled, low carbon sieel (UNS G10100),

milli infyr, Maximum 1.5 15 ASTM EE527 4.7.7

Copper-nickel (90-10) (UNS C70600),

milli infyr, maximum 1.0 1.0 ASTM E527 4.7.7

Mickel-copper (70-30) (UNS N04400),

milli infyr, maximum 1.0 1.0 ASTM ES527 477

Bronze (UNS C90500), milligrams, maximum 100 100 ASTM ES27 477
Localized, corrosion-resisiant {CRES) steel, .

(UNS 5304007 Na pits No pits - 437
Total halides, p/m, maximum 500 250 ASTM DI1E2) 4.7.8
Dry chemical compatibility, burn-back,
resistance time, seconds, minimom 50 360 - 479
Environmental impact:

Taxicity, L.Cgq mg/l, minimum 500 1000 - 472121
COD, mg/l., maximum LOOOK 00K - 4.7.12.2
BOD,,, minimum 55 65 - 4.7.123
CoD
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Surface Tension




Expansion and Drainage




Delivery System (1 ft2 pan)
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Delivery System (5 ft? pan)

Pressurized
nitrogen

Pressurized

nitrogen
Surfactant
mixture from
tank
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Delivery System (12.5 ft? pan)
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Base formulation Components

o AGA — Alkylglucose Amdie
e OSS - Organosiloxane Surfactant -  Non-ionic

o APG — Alkylpolyglucoside
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Formulation List

Formulation A 40% 40% 20%
Formulation B 30% 60% 10%
Formulation C (pH 7) 30% 60% 10%

Formulation D (pH 7) 21.4% 42.9% 37.5%
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Extinguishment time (seconds)
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Results (Extinguishment)

All Extinguishment Data
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Flow per fire square footage (GPM/sqft)
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Results (12.5 ft2 pan)

A B C D

Formulation
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Extinguishment Time (sec)

Formulation A 40% 40% 20%

Formulation B 30% 60% 10%
Formulation C (pH 7) 30% 60% 10%
Formulation D (pH 7) 21.4% 42.9% 37.5%
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Results (Burnback)

All Burnback Data
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Results (12.5 ft2 pan)
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Results (Surface Tension)
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Results (Spreadability)

S(t) = Yhe — []"",f'r.mm + F,I"uum,."hr:]

oxygen

aqueous film or
polymeric membrane

g foam Nanm atis an
fuel
_Formulation | __ Spreadability
A -7.8+1.9
B -43+1.3
C -4.8+0.8
D -7.5+1.5
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Viscosity (cp)

Results (Viscosity)
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Results (Drainage Time)
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Key Points

Lower surface tension has diminishing returns on reducing
extinguishment, but is directly proportional to improved burnback
resistance.

Film formation may still be possible even with negative spreading
coefficient

Delivery method is essential in determlnlng extlngmshment

[name] [sec] [sec] [dyne/cm] [ratio] [cp] [sec]
A 15.5 66 -7.8 4.2 273 108
B 14.3 102 -4.3 4.1 179 98
C 14.3 127 -4.8 4.05 177 132
D 13.8 112 -7.5 4.43 334 160
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NRL Testing

Data from NRL

Extinguishment: 61 sec
25% Burnback: 6:08 min:sec
Expansion Ratio: 4.2 n/a
25% Drain Time 7:31 min:sec

IndSpyre Tucible
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of PFAS-free Aqueous Film- I

I forming Foams & their Evaluation |

| & Training Methodologies
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Future Product Development & Commercialization

* Collaborate with large scale manufacturer
optimize formulation for commercial production

* Partner with a university or national lab to refine
& make use of molecular modeling to improve
PFAS Free formulations

* |dentifyand collaborate with non DoD end
customers for product input and distribution

ADA TECHNOLOGIES PROPRIETARY
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Remaining Unknowns

e Operational Conditions

o Aged Concentrate WP23-3920
e Large Scale Validation
e Production Scale-up

o Market Identification
e System Integration

WP24-B7-8102
(on hold)

e Corrosion Testing
o Formulation Compatibility

d






