DEPARTMENT OF THE NAVY
NAVAL RESEARCH LABORATORY
WASHINGTON, D.C. 203735 IN REPLY REFER 1T0:
6180-1130:JTL:mls
NRL Problem No.
61-0051-B~4
17 November 1983

From: Commanding Officer, Naval Research Laboratory
To: Commander, Naval Sea Systems Command (Code 55%3)

Subj: Qualification of AFFF Liquid Concentrate Fire
Extinguishing Agents Manufactured by the 3-M Company;
results of

Ref: (a) NAVSEASYSCOM ltr "Qualification Testing of Aqueous
Film Forming Foam Liquid Concentrate Fire Extinguishing
Agents Manufactured by 3-M Company, State Docks Road,
Decatur, Alabama 35601 and Chemolite Siding, Chemolite,
Minnesota 55133; Authorization of;" SEA 55%31/PAP,
4123/24385, Ser 1519, dated 16 June 1983

Encl: (1) Two copies of subject report

1. In accordance with reference (a), the subject products have
been tested in order to determine compliance with the require=-
ments of MIL-F-24385C. A report covering the work is forwarded

herewith as enclosure (1).
M;/@ /

D. L. VENEZKY
By direction

Copy to: (w/l1 copy encl (1))

NAVSEASYSCOM (Code 0534)

: (Code 996)
(Code 05DC4)

NAVWSUPCEN (Code 304E)

NAVMAT (Code 04F)

Distribution Authorized fo US Government Agencies and thelr Confractors Only;
All other requests shall be forwarded to: Commanding Officer Naval Research Laboratory, Wash. DC.
THIS INFORMATION HAS NOT BEEN APPROVED FOR PUBLIC RELEASE.
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6180~1130A:JTL:mls
16 November 1983

Subj: Qualification Testing of AFFF Liquid Concentrate Fire
Extinguishing Agents Manufactured by the 3-M Company;
results of

Ref: (a) Military Specification MIL-F-24385C with Amendment 2
1. AFPFF concentrates made by the 3-M Company and designated as

FC-203CE (3%-type) and FC-206CE (6%-type) were tested in accord-

ance with the proceduresy of and compliance with the requirements
of reference (a).

2. The test data obtained are summarized in the attached tables.

3. Both candidate AFFF concentrates met the requirements of
reference (a).

"E. &< Jhblonski R. Ouelette
Hughes Associates, Inc. Chesapeake Bay Detachment
Kensington, Maryland NRL Code 2761

,R,i)j;ﬁlv 0. L. WAt

R. L. Gi C. L. Whitehurst

Fire Protection Section Fire Protection Section
Combustion & Fuels Branch Combustion & Fuels Branch
Chemistry Division Chemistry Division

NRL Code 6180 NRL Code 6180

/ //k:/a%';ﬂz? :’(Q

ay‘. T. Leonard, Head

/ Fire Protection Section
Combustion & Fuels Branch
Chemistry Division
NRL Code 6180

Attachments
Test Results (11)

Encl (1) to NRL ltr.
6180-1130:JTL:mls
NRL Problem No.
61-0051-B~4

Distribution Authorized fo US Government Agencies and thelr Confractors Only; .
All other requests shall be forwarded to: Commanding Officer Naval Research Laboratory, Wash. DC.
THIS INFORMATION HAS NOT BEEN APPROVED FOR PUBLIC RELEASE.
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NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION
WASHINGTON, D.C. 20375

MIL-F=24385C Qualification Test Results

Submitted by:

377

(FC 20508 — FC 2000F)

Para 3.3 Chemical & Physical Reqguirements for Concentrates

padfisiass e terava ey T
_ Resulls .
Reqguirement Value LOZdE| ZC Gl E
Refractive index, mininoum 3% tvpe 1,3630 > /3630 >
6% Ltype L3580 < > L 380
Viuseouily. cenbivsbokes
naximum, 5°C 3% Type 20 L2 <
ninimum, 25°C 3% Type 2 > 2. >
R NS 113 %N 1L} 1| PRI R OB o /A 01 el O < s N4
T - ML, 25 °C 6% Hype 2 < > 2.0
llydrogen ion concentration (pH) 7.0-8.5 Z:96 7. 79
pRrreading coefficient, inimum 3 7. ¢ i
Foamability
Lresh water, minimum expansion 6.0 8.6 B,
minutes, minimum drain time 2,5 7.3 . &
Sea water, minimum expansion 6.0 & [ &.¢
i e e MM L QS ¢ AN dradn_time 2.5 s 4% N
Corrosion rate —
General, maximumn ‘
steel,. milli inches/vr 1.5 ©.87 0.8
Cu-Ni, milli inches/yr 1.0 O 08 O LE
Ni-Cu, milli inches/vr 1.0 Q. 0/ @, of
Bronze, milligrams 100 T & ¥ 7,
Localized CRES No pits D P 4%9/9mﬁ5
Lotal halides, PRm, maximum, 3% type 200 3/ <
— 6% _type 250 < 1.3
Dry chemical compatibility,
seconds, minimum 360 AN, Y8
Luviropmental impact
Toxicity, TC , mg/L, minimum
50
3% type 500 > 300 <
6% _type 1000 =< > /e
e GOD, ma/ L maximum, 3% tvpe 1000K 2985 =
0% Ltype 500K e 343
BOL /COD minimum 0.9 ) - .
20 > 0.7 | =o'
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FIRE SUPPRESSION SECTION
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WASHINGTON,
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Pest

Resultbs

Submitted by
Rara 3.3.2 Stability

I (FC- 20305 FO - 206C5)

Results
SRR (<1 ¢ 1V I o 311121 ¥ & = ; —— Value e RELIELE | ZOBEE
(a) _Spreading coefficient, minimum
from concentrate 3 679 G %

. fresh water premix 3 7.8 e BE
PO USTUT £ 1 €2 A 0 £ v A3 NI 33 AL €1 11 10 S S W 707 el 2.3
(b} __Foamabilitvy
e . fresh water expansion, min 6..0 8.3 G2

. drain time, mibutes, min 2.5 & A &
sea water expansion, min - 6.0 g ¢ &. 2.
drain time, nin, min 2.5 Y4 S
{ey Pilm formation
concentrate, half strength, fresh No ignit. AV°Awu7' Aﬁzxaﬂ,%
gea No ignit, 2 Z Fgadl A i nis
e e e - REQMAR . LWLL _strength, [resh No _ignit, Ao Zoznit An)g; et
sea No ignit. | 25 Zino-| Lo Zong-
() ke DOLLOrmNanGe. o e et e o e S P
concentrate, half strength
fresh, ext time, sec, maximum 45 KA ¥z
e o s e e e el SMETIRACK ¢ _SCC, mAndinum 300 — S0Y 3y
sed, ext tiwme, Sec, maximum 45 3.3 Y/
burnback, sec, minimum 300 IR A0 2
premix, full strength
R e kL@Shoxb time, sec, moximum | 30 =y 29 ..
— ecdavknlack . sec, wdainum 360 LEL Se
sea, ext time, sec, maximum 30 ZZ 25
burnback, sec, minimum | 360 e 3464
(e Stratificalion
concentrate | None Al e A7
fresh water premix |None Az Ly
sea water premix | None Azl LLer778
(£)__Precipitation, volume percent, max
concentrate | -~ 0,05 Lo a0y | Lpe
fresh water premix < 0,05 <O DS P
Ssea water premix 7 0,05 LO0.05 | <« o.04”
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NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION

WASHINGTON, D.

C. 20375

MIL-FP-24385C Qualification Test Results

Submitted by:

L T NCAER VR

(D] (FO-Ro3LE - FC 2868

TE——— e i - i
_Regulln
Requirement Yalue 20 3 CL : 204 CE
;
28 L fire test ’
extinguishing tine. seconds, naxinunm _ —
freash water, half sCrength 45 12 7
MLl sitrength 30 2.6 2 2
sea water, hall strength 45 22 3.3
full strength 30 2.4 22
quintuple strength 55 37 o4
burnback time, seconds, uinimun _ :
fresh water, half strenath 300 wd F9¢&
e full strength 360 FREO S 7
sea_water, half stenath 300 Yt 2, 2.5
full strength 360 28 TEZ
> quintuple strength 200 282, 24
RO Lt fire tesk — , : S—
exbingwishing time, seconds ,  iuaxiloun 20 w8l 27
Qurnback time, gec, mininum 360 Z26 Wi
40-sec summation, minimun 320 3.5 7

Redad . |Total fluorine, percent

ME) Cap removal torgue,

in=lRs, maximun. |
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NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION
WASHINGTON, D.C. 20375

o [ e i F 3 i -

e ' PP Sy ) -
Submitted by 3727 (// ¢ - 23 ﬁx“)

5 3,33 ¢ ibilif
) _ /,
Mi gture JZJ/ZJ’ ,2_(/?{ RS af/%’:?a;‘,%!/’/&ézd ;;%7’/23, A
Z
) 1.1 guid i
. ., i Conc/ | Conc/| Fresh | & Sea
Reguirement . Value Conc | 'Fresh | Sea |'Premix| Premix
Julal. Foamability - i

expansion., minimumpl 6.0 >< £.o 7.7 gl 80

' i ini 2.5 < K, Son | S8 A

(). Filw formation ne igpnit.d < M2 {501 Moy 1o lga | 1O 194

(c) Fire performance
full _strenath

ext time., sec, max! 30 P 25 2.3 22
burnback, sec, mip| 360 > ¥ | #s5¢ S
(d) . Stratification - none Yeue Yiez/e | 1ie

{e) Precipitation, g
volume percent. max <0.05 LP.08

&
O
I

><~ <, o5 <l 0§
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NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION
WASHINGTON, D.C. 20375

]

MIL-F-24385C Qualification Test Results

Submitted by 37 (,ﬁ'f’“;20f¥<7{7>
y 3,33 C ibility
. \ ' Mixture J2/50 (L~ 20 BC&;’/////S.//’FCJ“&}?
Liguid
, éConc/ Conc/| Fresh |! Sea
Reguirement Yalue cone | Fresh Sea | Premix! Premix
J-lal Foamability > i .
expapnsion, minimum!| 6.0 >< &0 7. <0 Y
drain time, min. minimom 2.5 > S/ SO v 40
(i) Film formation 0o _ignit.d =< 77, Ly 4 Mo f;m 22 (g | No sg2
{c) Fire performance
full strenath -
ext time, sec, max 30 >< 2/ 2 Z6 22
burnback, sec, min| 360 2= S VSve | A
() Stratification - nene die77 = >< YA 21Oy
el Precipitation,
volume percent, max <0.08 <0.95 > > Ldio s {0 ¢
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NAVAL RESEARCH LABORATORY

FIRE SUPPRESSION SECTION
WASHINGTON, D.C. 20375

4 ification Test Resul

37 (A 203 px)

p 3,33 C ibili
Mixture cﬁ@f}ﬂ %Qfggdcag sy G 3

Liguid
v i Conc/ | Conc/| Fresh Sea
Reguirement . Value Conc ' Fresh Sea | Premix ! Premix
d4a2) _Foamability R
expansion, minimum 6.0 > &. L Z.0 57, 2- > 7
drain time, min, minimum{ 2.5 25 5.3 305 %03 LG
(). ilm formation no _ignit.t < N 1g w Zelgn | N cgu | e (97
I{c) Fire performance
full strenath
ext _time, sec, max 30 Pa 2.6 2 & 2 3 257
burnback, sec, minl 360 > S Sy E | s 7 s
{d) Stratification none hWewe D S P Woziv Vg
} _Precipitation,
volume percent. mayx <0,.05 Lp08 < S (L0038 | LoosT

b
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NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION
WASHINGTON, D.C. 20375

B

MIL-F-24385C Qualification Test Resulis

327 CFO- 2o305)

Submitted by

3,33 bilif

Mixture 3250 o 203 GZ:’// L2030

. s
Liguid ‘ z
N i Conc/ | Conc/| Fresh | Sea
Reguirement Value cone ' Fresh Sea !'Premix i Premix
flal Foamability . : : . N— - :
expansion. minimum 6.0 > B &y 8.5 &/
drain time., min, minimum{ 2.5 =< s S 4 7 5200
) Pilw formation no ignitd X hazyvz ‘Wﬁé?z )%ﬂgvz 16 [ 71
i ance
full _strength ——
ext time, sec, max! 30 < 28 2.3 22 2.5
burpback, sec. min! 360 S /0 570 . 5 HFs
(d) Stratification none Hou/e P > WY 3101
(el Precipitation. ‘
volume percent, max <0.,05 <o og > > | <Ldios | Lo 05T

US00000228



prreT——

[ PP Pp—

NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION
WASHINGTON, D.C. 20375

Submitted by

=

327 (F 206 CE)

Mixture 2T2slubs Fe zot i frcso 446%®w4ﬂ¢%?ﬁﬁvz
Ed e E i<
Liguid
. . i Cone/ | Conc/| Fresh |: Sea
Recuirement ‘ Value Conc | Fresh Sea |'Premix | Premix.
Wia) Foamability . A : i
expansion, minimuml 6.0 < S 3 7 75 2
w Qrain time. min., winimuml 2.5 > A & vl 5 4/, 4
{1 Fidlwm formation no igpnit.l >< >701yw Ky | MO 1ga { ¥O gyt
(¢) Fire performance
full strenath —
ext tinme, se¢, max 30 7 2.5 2.8 22 Z.49
burnback, sec. minl 360 P Ay VS0 H7E <465
(d) _Stratification nene .ele < e 17 i
(e} Precipitation,
volume percent, mag <0.0% <045 s > | ooy | Ko a5
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NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION
WASHINGTON, D.C. 20375

ANt

MIL-F-24385C Qualification Test Regults

34 (FCo - Zobos)

Submitted by

3,33 C Cibili
Mixture _S2/°0 ~¢ 2&405//77775(¢/ Y
{
Liguid
. i Conc/ | Conc/| Fresh |! Sea
Reguirement ’ Yalue Cone | Fresh Sea |'Premix :Premjx
expansion, minimum| 6,0 < &3 7.7 8.0 |27
drain time, min, minimum 2.5 P 627 “ 8 75 e
[§53)] Film formation no _ignit,t 2>< N0 lgn |00 192 N iG D4
{¢c) Fire performance
full strenath ——
ext time, sec, maxi 30 > Z.3 2/ ZZ. 2.3
burnback, sec, min] 360 P S | Ly | SRe | FyS$
{d) Stratification none Yer/e > > Dz | eyl
(e} Precipvitation,
volume percent., max <0.05 L0as | T > Loos | Lo, o ¢
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NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION
WASHINGTON, D.C. 20375

MIL-F-24385C Qualification Test Results

Submitted by

e

247 (Fo- 2ed o)

Para 3.33 Compatibility

Mixture jﬂ/jk’) /’/C,' 206 CF /{/4,' /'/ ”é’dd_' & 771N
/ mesces

, Liguigd
‘ . iConc/ Conc/| Fresh |: Sea
Reguirement ——t-Value gonc 1 Fresh Sea !'Premix! Premix
H(a) Foamability T, i '
expansion, minimuml 6.0 e g 2. 7.5 g0 é.9
i inimu 2.5 X AR 2 s~ v A ]
(L) Film Lormation no_ignit.f X Veortyag | 2ecpn | 02 g | 070 g
ance
full strength i
ext time, sec, max| 30 < 25 1 2L Z.5 = o
burnbagk¢uaﬁg;_min 360 < s | 378 5L elel XA
(d) Stratification none Zexy o > Neze N7
i{e) . Precipitation.
volume percent, max €0.05% L a8 T P LA oS 1 SaensT
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NAVAL RESEARCH LABORATORY
FIRE SUPPRESSION SECTION
. WASHINGTON, D.C. 20375

AN

MIL-F-24385C Qualification Test Results

Submitted by

227 (Ao - 206 oF)

Para 3.33 Compatibility
Mixture »‘5"53//54’-24&(’:? — ;sz//fz:’ - 228
¥ d —
: Liguid
5 éConc/ Conc/| Fresh | Sea
Reguirement : Value Cone { Fresh Sea !'Premix ?Premix
Ja) TFoamability . i
expansion, mipimum 6.0 P AL Y22 £/ 77
drain time, min, minimum 2.5 X7 S/ Iy T Z S/
(L) Pilm forpation no ianit, Wdﬁyﬂﬁ xw&wﬂ ﬂﬁéyy 7WM?W:
{c) Fire performance
full strength — _—
ext time, sec, magi 30 23 27 2/ 2 2/
burnback, sec, mip| 360 X oyl | e T A%
(d) _Stratification . none neLE % > Siowe | ose
(e} Precipitation,
volume percent; max < 0,05 <205 5 S5 KA. 05 VL s
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