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Background

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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Background

AFFF mechanism
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Background

Fluorinated surfactants do not breakdown in the ecosystem

NEED TO FIND ALTERNATIVES QUICKLY

Groundwater contamination by PFOA Governments endorse global PFOA ban,
with some exemptions

o Restrictions placed on firefighting foam with PFOA, PFOS, or both
. by Cheryl Hogue
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Technical Objectives

e Synthesize surfactants from POSS and
aminoalkylsiloxanes as drop-in replacements for
perfluorosurfactants in AFFF

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

o« 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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Results
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Results
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Results

Synthesize Less Hydrophobic POSS cage?
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Results

Incorporate Phosphate Into POSS For water Solubility?
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Results
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Results
OctaTMAPOSS (OTMA) Metathesis with Fattyammonium salts
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Results
Metathesis of OTMAP with Phosphonium Salts for Fire Resistant Surfactant
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Results
Testing APS-AA versus heptane pool fires at NRL

Air Inlet to Sparger

Dispensing Nozzle, 2.1 cm diameter

T

Aquanu m P

WX XT= 0

t‘l(m

Liquid Leveling System Foam Pool Fire Liquid Drainage
Generator Collection




Si— 0 |, oH oH

O \
,\Si/\/\NJJ\;/'\l/'\/OH
Mo H G6H OH
—Si_
: 2040-7
gulonamide

WATER SOLUBLE: NO

' 0| oH OH
Q v __OH
Me’sj/\/\u
Q OH OH
//Si\
2040-18 _
gluconamide

YES 19



B SERDP

DOD = EPA = DOE

“Method of extinguishingfires....”

I
US 3677347 (1972)

Results
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SO 1 [(Me;SiO),MeSi(cHa)s_%‘Manﬁ ' ] 7 4hours.......... Yes (8)

2 e 2 [(MesSi0)sMeSi(CHz);NMes]Cl- About1 >4 hours........ No ().

I 3 [(Me:SiO)aMeBl(CH:)ai{J'Mea Br- 2% About18hours.. Do

S 4 [(Me;Si0):MeSi(CHz)3(Me) N (CH1CH1);0]Br 14 87 . No (1)

B* e 5 uMe;sio);Mesucn,)asr_ua)NH'c‘Hn]I- About1 O....._._______ No (5)

B emmmmmmeeee 6 [MhSiO)aMeBi(CH:)aSI_Eta]I‘ 24 3. Yes (11).

S 7 [(MesSi0);MeSi(CHa)NEts)1- 16 3. Yes (13)
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Results
Schmaucks et al Langmuir 1992, 8, 1724-1730

Table IV. Interfacial Activity of Alkyl-N,N-dimethyl(3-siloxanylpropyl)ammonium Halides

max surface interfacial contact foamability surface
tension tension angle ¢=5g/dm? area per
depression, ¢ > cmc, ¢ > cme, Bartsch tube, molecule,
compound cme, mol/dm? mN/m mN/m deg [em] 2
Disiloxanes Me;SiOSiMey(CHj,)3sN+Me;R Br-
3b, R = C;H; 6.9 x 1072 26.5 45 489 0 34.2
3¢, R = C3H;, 2.6 X 1072 23.5 1.8 55.4 0.3 43.1
3d,R=CH, 5.7 x 1072 246 2.7 33.4 0 474
’ Straight Chain Trisiloxanes Me;SiOSiMe;08iMes(CH)sN*MezR Br-
4b,R = C;H; 2.3 % 1072 204 11 spré 2.0 44.2
4c,R = CgH, 9.7 X 1073 19.0 1.0 spr 13.0 43.1
4d,R=CH, 1.0x 102 20.0 ~0 spr 14.0 45.1
Branched Trisiloxanes (Me;Si0),SiMe(CHz)sN*Me;R X~
>B5a)R=CHy Zr 14X10% 22.5 84.6
5b, R = C;Hs 2.2 %102 20.6 ~0 spr 0 58.9
5S¢, R = C3H, 2.0 X 1072 20.2 1 spr 0 84.6
5, R=n-CHe5r 96x10° 185 ~0 spr 120 62.8
6o, R =i-C{Hp 1.3 X 1072 21.6 61.2
= 24 X102 19.5 ~0 spr 0 63.2
,R= A 24.0 ~0 8pr 0 60.6
Branched Tetrasiloxanes (Me3Si0)sSi(CH3)sN*MesR Br-
6a,R = CHj 4.6 x 103 22.4 69.9
6b, R = C;H; 2.4 % 1078 17.9 1 spr 15.00 69.4
6c, R = C;Hy 28102 18.8 ~0 spr 17.5% 7.9
6d,R = n-CH, 2.6 % 108 19.3 ~0 spr 12.06 76.6
6f, R = allyl 29x%10°% 184 ~0 40.0 19.0 4.5

%t Is sproading of a dzop of watar an paraffin surface. ! Foamability by the method of Ross-Miles (%) st & concentration of 3 g/dm?:
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Results
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Sugar Siloxane by Blunk for Fire fighting
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Results
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Results

Better water solubility with dimethyl silyl group?
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Technology Transfer

e Presented Poster at SERDP Symposium

o Could submit research paper about results
to technical journal

OE
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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
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Future Research

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
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Publications

o Poster presented at the 2018 SERDP Symposium,
Washington DC, Wednesday 28 November 2018.
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Project Funding
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FY18 FYxx FYxx
Funds received to date ($K) 200
% Expended 200
Funds Remaining ($K) 0
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WP18-1519: Surfactants with Organosilicate

Nanostructures for Use as Fire-Fighting Foam (F3)

Performers: Matthew Davis Ph. D. NAWC China Lake

o
o
:

Technology Focus
*  New Materials Useful for Hydrocarbon Pool Fire Fighting

i
o

-10.0
0.000 0.060 0.120
APS Ascorbic Acid

Research Objectives Concentraton [M]

»  Synthesize surfactants from POSS and aminoalkylsiloxanes with
positive spreading coefficients on hydrocarbon fuels that can

« put out gasoline pool fires in 45 seconds.

Spreading Coefficient
[mN/m]
°
§

Project Progress and Results

« POSS surfactant was not effective. Aminoalkylsiloxane carboxylate
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 W
3 x_ 1

which must be studied further.




	Surfactants with Organosilicate Nanostructures for Use as Fire-Fighting Foam (F3)��Weapons Systems and Platforms WP18-1519
	Project Team
	Background
	Background
	Background
	Technical Objectives
	Technical Approach
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Results
	Technology Transfer
	Key Points
	Future Research
	Publications
	Project Funding
	Slide Number 35

