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Table 1. O BB D LD LR
(Formation of film on the surface of foam
compounds; the film which probably changes
into insoluble precipitate.)
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(Fe wt % in foam compound) . (Formation of film)
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(When the foam’s organic nitrogen content
was 7.6% (W/V))
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(Fe wt % of foam compound) {Formation of film)

0.13 ‘ _
0,43 3 -
0.57 i +
0.78 1 +
0.89 +
Remark: — indicates non-formation

+ indicates formation
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Studies on Factors Influencing the Deterioration
of Fire-Fighting Foam Compounds

II. Practical Studies to Determine the Cause

for the Deterioration of Foam Compounds

(Abstracts)

By M. Hoshino

(Recieved 20 September 1965)

Concerning the deterioration of foam compounds, it was noticed that the deterioration
of foam compounds to which ferrous salts such as FeCl,-4H,O or FeSo,-7H,O have been
added is much greater than that of non-ferrous foam compounds. It was thought that
the best way to determine the cause for the deterioration would be to study the influence
of ferrous salts on non-ferrous foam compounds.

The experimental procedure used for this determination entailed the determination of
the following factors, when ferrous salt FeS0,-7TH,0 was added in varying amounts to
the hydrolyzed non-ferrous foam compounds and heated at 50°C for 30 minutes whose
protein content determined by organic nitrogen content (W/V%) was also varied : (A)
the pH value of the foam compound ; (B) the amount of insoluble precipitation of foam
compound in dilute solution; (C) the amounts of iron (II) in the insoluble precipitate
determined by the « «’ dipyridyl extractive method ; (D) whether or not a film is formed
on the surface of the compounds, the greater part of which is supposed to be changed
into insoluble precipitate ; (E) heat resistance of foam after having removed all of the
insoluble precipitate. In addition, the amount of isoelectric precipitation was measured
when varying amounts 0. 5N H,SO, were added to the non-ferrous foam compounds.

The following hypotheses may be considered to explain the deterioration of foam
compounds when ferrous salts are added. First is isoelectric precipitation effect. Second
is salting out effect. Third is the formation of insoluble inorganic iron (II, II) salts
such as Fe(OH),, Fe(OH), FeS and their absorption of hydrolyzed proteins. Forth is
the formation of insoluble inorganic salts such as CaSO,, CaCl, with adsorbed hydrolyzed
proteins. Fifth is the formation of insoluble iron connected proteins with adsorbed
hydrolyzed proteins.

On the basis of the experimental results, we finally chose the Fifth as being the actual
reason for deterioration. The most important reason for the above selection was that a
lot of irons (II) in insoluble precipitate were extracted with « ¢’ dipyridyl at 100°C
and these irons ([I) were connected to hydrolyzed proteins. In addition, in aqueous
solution, most parts of hydrolyzed proteins were connected to irons (II) and composed
of soluble chelate compounds such as

_C—
[

O
\‘F H n+
70/ e( )]



The mechanism of insoluble precipitate formation was hypothesited as being one of the
following. First, that the above mentioned soluble iron (II) connected hydrolyzed protein
chelates change to insoluble complexed chelate by adsorption of oxygen from the air and
the solution. Second, formation of insoluble iron (II, II) connected hydrolyzed proteins
without existence of oxygen. We believe that the first mechanism is the cause of
deterioration of foam compounds which have been stored for long periods under the
conditions of normal indoor storage and that the second mechanism is the cause of
instant deterioration when iron salts are added.
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1 The arrangement of testing apparatus,
used in the large scale (4m?) test

The burning vessel of large scale (made

of steel plate, thickness =3.2mm)2.0mx

2.0mx0.4m

Rack for supporting the vessel (steel

construction, height=0.5m)

; Inlet for suppling foam (foam distributor).
; F.R.I. type small scale mechanical foam

generator

Pressure-proof rubber hose (10 m in
length)

Pressure-proof foam solution reservoir of
100 ! capacity (40 cmg x 80 cin)

. Air compressor with pressure regulator,

air cleaner and 130/ air reservoir tank
(Max. pressure = 10 kg/cm?)

; Air inlet shutter for adjusting natural

ventilation
The main laboratory of the “Fire Research
Center” in F.R.I. (Japan)

; Smoke vent with movable ceiling part

which is driven on rails with motor

; Opening of ceiling (4.0 m x 5.0m)
; Large shutter door
; Corridor for observation

Meassuring position of radiometer No.!
Meassuring position of radiometer No.2
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Fig.2 Radiant intensity of the fire versus
time after ignition (Used quantity
of each fuel = 90 /)

AG; 87 octane gasoline for automobile (JISK
2202), NG; Gasoline containing no
alkyllead, K; Kerosene and M: 99.9 %
methanol (JISK 1501).
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containing no alkyllead.
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Table 1.

Mean values of the max. radiant intensities of the freely burning fires of
the used fuels at the definite measuring positions (unit:

x 10-3 cal/cm? sec)

¢

Burning area !

Kind of fuels

| J— [ —— U —_ - - = R — - -
(geometrical « 87 octane gasoline for automobile 1 99.9 % methanol
shape of (JISK 2202) (JISK 1501)
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2. ; T S T - o
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Remarks (1) See Fig.l in regard to the measuring positions of the radiometers No.
1 and No. 2 in the large scale (4 m?) test.
(2) In the small scale (0.5 m?) test the radiometer No.l was fixed at 3.0m
: in distance out of a center of a long side (1.0m) of the vessel and
| at 1.5m in height above the floor surface. The radiometer No.2 was
| fixed at 3.0m in distance of a diagonal direction from a corner of the
vessel and at 1.5 m in height above the floor surface.
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Fig.5 Relationship of K to log @ at the
small application rate of 6 % type
foam solution used in the 4 m?
gasoline fire
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BT, K—log @ B0 ERL OB L —B
VPR TIs T, MIFRE L R TR IFIIEL
ERHEE P E L LEPAR Lo Hillstic X 53K S-6-
Lo S-3-1 & e AECIBE (BRBE) (Table 4 &
M AUEME I 2 ko B TEFESRIMAMEEYT L
fos SO LR O B S o A < PRIEH A MERE
BPESTHOTE LT, TAE L OFTHKEECRL
RO OEER, Tichbb, APrAEZ a0
JEAHAEREYRETHLDTH B LS, bhbhd
HERDIE L XX R TE U TREREERLD -
2o

IKEHEBMX KAESHRERE © 5 b, G-6-1,
1-6-1 1370V 3 v 7 AFKXTHRVDOT, OEBRDFE
R CIHEDOHKEEY RT LN TERN DT
Bl EBEPbR L, G-6-1, H-6-1, 1-6-103 Rkt
&b et 3. 0lpm-m-2#(0.071gpm-ft-2) DiFs4
CHEKILTE Ioh oo, REWEBARIK SNERBERD
HREENBREETH D ETHE, ChbOEGEHF
DFKABROEL - DRBPREOMIREABED 250 ET
HAKRBE T ONEUTH B, HKFRIFO BRI
B iy, Ihh, WEEREENRE 2.5~3.0 5Ll k
oo UL LS TREE7 4 2 — AT RS a0 TP <
A TR FE TS0 O T HORERT T st
HELTLE 5, BFEMICBERREEL £ TI2IELK
HExkEoTh, BBREAHETI- 2 F TLHLIENE
O, OB E DT A & ¥ REEE A AT B I
Tk b, WROLEHE 90 TIXMATREEL -
o

HHMKEHD 3%, 6 ZHMBOTNTORBL 03
BRGNS EBR T, WO &M 900 THAA
BETH -1

2.4 /i (0.5m2) Yk RBHEE

KM KERER D, BEKEH6 BRI 03
LREED S B, REHCE—FET b B, B-6-1,
D-3-1 2B, FokKBHEERIKEHE 6 B HDS b,
H-6-1%BA TEMB L1, Ak EARERDEKER
DB, UERREIAEMNIZKY 10cm OFEX (#500)
AL, FOLiZH Yy v 10 &3 TEKAKL, 35
FR LI KRBEHBERARBEEROHRKERDOSS,
K ANTEE20 D4 8/ A& ANTEHEKL, 55
FRETB LIz, UFHMREESS (0.5m x1.0m x0.3m)
PR LA, S HRENEENMRBEHORE (1.0
m) FRH S 3 mOERHCH B BT L BEOWAREA
(O~ 3moiH-H 25 5 —FET (KE» LD

* - 2T lpmem~? (% 1-(min)"‘-ﬂmi2 H birT,
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Table 3 Extinguishing ability of fire-fighting foam compounds used
in the small scale (0.5 m?) test

Extinguishing ability

Concentr, Application rate Figure
Sz;\?;ple of Fuelds it it Extin- 4/5 fire Extin- to be
: foam sol. use per uni per unit time guished control guished refered
time and area ! . .
- o - or not time time
I/min, llpm.m 2(gpm.ft 2)|
B 61 69 12,00 ' 24,00 (0.570) | Qw 28" 28.8"
° ‘ 2.81 5.62 (0.133) 1 @] 1727 17437
o 87 Oc.tane‘” ) T ~ T Fio. 10
D31 35 Gasoline 1) 05 { 24.00 (0.570) | o 297 34,57
¢ 3.28 6.55 (0.155) (0] 1 139"
T P 1l eg | 9380 (0 565y e
5 11.90 . 23.80 (0.565) G 42 51.5%
H 61 69 Nég;hg’;/o)l” 10.80 | 21.60 (0.510) 0 49" 52.51 Fig. 1l
te 5.03 : 10. 06 (6.240) O 150" 227.5"
" Remarks (1) 10/ of gasoline is floated on about 50 / (10 cm in depth) water in the vessel.
The fire was permitted to burn freely for 3 minutes after ignition.
(2} Only 20 [ of methanol was admitted in the vessel and then ignited.
The fire was permitted to burn freely for 5.5 minutes after ignition.
(8! Perfectly extinguished.
Tauble 4 Principal physical and chemical properties of fire-fighting foam
compounds of hydrolyzed protein base used in the large (4 m?)
and small (0.5 m?) scale test
| Type of Specific Kinematict? Nitrogen® Fe ®
Se;\]néple concentr, in the gravity ' pPH Viscosity content content
: regular use . (20°Cy 1 a0eC ¢St (7C) Wt % Wt. %
A6l 69 1,138 7.17 (L3 (19.9) | sor | 0.57
A-3-1 39 1. 164 7.34 44,7 (20.0) 5.78 i 0.91
B6-1 | 6% CoLus L e 92,0 (20.7) | 6.27 ’ 0.38
B-3-1 39 1,152 6.73 39.5 (20.0) 8.49 | 0.26
C6i | 6% Lt 68 9.8 (20.0) 7.74 | 0.32
C-3-1 3% 1.280 [ 6.56 86.7 (20.0) i 10.17 ‘ 0.45
D-6-1 6% L1146 6.48 6.9 (20.0) | 4.58 ‘ 0.09
D-3-1 3% 1,157 €. 49 29.4 (20.1) i 5.03 | 0.12
E-3-1 3% 1.188 l 6.10 19.8 (20.1) 3.60 ’ 0.25
F6-1 69 1,186 i 6.85 9.3 (20.0) 6.27 ’ 0.23
F-3-1 39 1.182 6.79 46.5 (20.0) ‘ 9.19 ! 0.41
S—6-1 ll 6% S TR T B O 7.7 (20.0) : 3.60 | 0.11
S-3-1 3% . 1.176 | 6.18 28.1 (20.0) ' 4,60 0.16
kAl(emarl%s 1) rrne;;ir'edibyﬁByé&kﬁe}d-typ;:{scometer, erirorW:'; 2 % o -
(2) measured by the Technical Dept. of the Abe Trading Co. Ltd. with Coleman
Nitrogen Analyser (U.S.A.)

(3)

* log @ OEFRA Fig 10 2, KEMHA S E
WEHB H-6-1 (2ot K % log Q@ OMEHA Fig.
1D izmd. ¥ ZORBEFOHKEROTEME Table

3w,

measured by Photoelectric Tube Colo:rimeter (AKA D-5 type)
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3. RMREHAEBROEE 2 F

U FRURBER 2% 3 5/ BRI B\ T, B6T
i H e b OB TEEBR=12. 0/min DL,

K=as(log Q—by) (@
M T Do @Rz EWT, K KEIMHER a; B
PR D BAAFARIE T 5 QRO EROEA L BT
B, bs; K=0 0L &xd log Q, @; K (Zxin4 5FTE
ERE (=AM O\RILAE < Ko+ 5 ITEs
B 2 xhfhirt,

BEEEH D) OB EEE=12.0/min OFEHIZ,
KRB KRR B\ TULBRAIRIET 5,

K=ai(log @—b) (3
BKFD ar, b L, @XFD as, bs (ZHIET B
BTH B,

AR ERESHERDO» v V) v KECHHT 5 KD
B K EREE RSB, QR0 b BI T aizouW i,
0=<K=<4/5 2\ T,

6 %BMiZxt L, m:L%uJ} ©
3GMmxf L, bi=1.5bsx2 /
4

BARREXROMKTREE I ATEY HEST 5
7, NEROHEAMEILILLASARETH 5, HALEF
[, BALEBEHIC D OMBIEHEL 0 EETH D,
vy v KREICH LTl AE S RO BRI R Y (£ B4
HEEOFKANE O BA (R WEREHE £ 0.84~
1,13 Ipm-m~2(0.020~0.027gpm - {t-2) TH % = & M
FARY Eh s

AN K EREE R DT L D O R EG K KD
AL HER 35 - LIXHEETH B 1 KISHENLREE
REROEHLAIHT Z ORMFIHEWTIR &R TRt CTRRE
B, BREHE) W RKLIRIFT 205 Th B,

FEEH KRR B\ CHALER, BRSO
WA K FTRE D R RO 3 fFLET
H5HEXIL, PHEBEEKEROERYS 45 (=K) K
RIHUIRER 2SR TE %, S0 X 5 IeHEEN AT RET:
DL, PMHEHKERIZEBSCT K 3f log @ DREERA
0K T—HEM TR T EMNTE LMITHRE 72
b, HKIROERBRAEERON2MEU LD L 2T
5o

o AE L AR E T A RMA K HESIRREBED M KE
LT, TORBHFDIAESEENEETH 2

3% - 6 %OMRBLIRL,
ar=as (5)

@), BHALT B,

IREHBERKKAETEERE H-6-1 O x5/ -1 K
KT BB KERERBQRD b IO
a2V T, 0=K<4/5 (o B\,

bi=9bs 33 LY ar=as (6)
(TN RvAC PN

Fighh, HY YV vBEIVA L7 — LKEDORBEN
KERZ BT, @EEHE=12.0/min O L XX, /)
HAERRC BT @R b ECBEEX ML, as BT
FTDOFFRFEBERD o Db oinflTA Lic )k
T, BBESHN BER E A Uehiug, NNk ER
RO DRBEMKERD 4/5 (=K) KKMHREREL
(ZITREETE D 2 b otz L L, I KERI 7
irh, K=1 OIfi% /P REHN K ERERO 20 HHEE
THIEIIRBETH 720
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2% oM KIC B A RSO ERE R ECE
BETH b,

TREEHEBHIK ERESRRERC oV T, ZOXHR
M K RGO B AR AR B TY K PTHE D KR UL
EEZLNLDT, FROHDOHKEEATROBER L
FTiuE, HARBREOHAERIL I ORBEFDOH 2 537/
P, 6.31pm-m-2(0.15gpm-ft-2) FEEHT T 5 LEEMN
H5b,

KRB K BB O L0 O KRR E ST
K BRESTHB I ENLEDLRI, SOOI &3 (bZE
OB & REMENERIRIZ S DRL o> T B 2 LT
A5 THBZEITWLTH 5,

Rin, CO—BOMKKRYEBT LiCH0, K
B FESRM F i oW T K EBE T ES, ol
Ben B0 S ROEBYZ B L2 LT RO
ZEUT O B OMER BT, Flo, O KRR
LU BREROWHENE B LT, YHEE0oH
EBREABOBRLEE NS - AW LB
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1) Nii, R.:It will be published in Serial No.
96 of Report of Fire Res. Inst. (Japan).
2) Nash,P.: “RECENT RESEARCH ON FOAM
IN THE UNITED KINGDOM”, 11 (reprinted

from the Institution of Fire Engincers Quarterly,

N} R—

21

read at a Symposium on the Physical
Properties of Fire-Fighting Foams arranged
by the Mear! Corporation of the United States
in Aug. 1959).

3) Nii, R: Report of Fire Res. Inst. (Japan),

Serial No. 25, 1 (Oct. 1964) [in Japanese].



22 Report of Fire Research Institute of Japan No. 27 (1966)

Correlation between Extinguishing Abilities

of Fire-Fighting Foam Agents tested on
Liquid Fuel Fires in A Large Bath (4.0 m?)
and A Small Bath (0.5 m?)

(Abstracts)

By R. Nii

(Recieved 30 November 1965)

As reported lately by the auther?, a relationship between K and log ¢ was obtained

by performing a lot of small scale tests using the U-shaped burning vessel to evaluate

extinguishing abilities of fire-fighting foam agents. Furthormore, in order to make clear

the limits of the application of the relationship to large scale tests, a fire test of a scale

which is larger than 0.5 m? in freely burning area had to be performed.

From the results of those tests the following conclusions were obtained.

The rate of application of the foam solution to fire as well as its extinguishig ability

are important in judging the foam agent can extinguish a fire or not.

It could be convinced that the critical (minimum) rate® of application of foam solution
to a gasoline fire is 0. 84—1. 133 l/min. m? (0. 020-—-0. 027 gpm. ft72).
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Quantity of a foam solution
required to control the
gasoline fires(Q5 and 40 m2)

Fig. 12

It is difficult to presume exactly extin-
guishing time of a large fire from the
result of the small scale (0.5m?) fire test
only, because the extinguishing time
depends too much upon not only a geo-
metrical shape of a used burning vessel,
but also its burning conditions.

When the rate of application of a foam
solution was 12 l/min, the relationship
between K and log @ in the small scale
test was expressed in Eq. (1) for 0 < K <1,

K=a,(log @ - b) 1)
while the relationship between K and log
@ in the large scale scale test was expressed
in Eq. (2) for 0 < K < 4/5,

K=a (log @ — b) (2)
where as, b., @; and b, are constants for a
definite foam solution.

The following relations for 0K =4/5

were obtained in gasoline fires : by=1.5b;+1



for 6 % type foam compounds; & — 1.5b; £ 2 for 3 % type foam compounds, and :
@ = a; for the both types of foam compounds. A schematic diagram for explaining the
relations as mentioned above, is shown in Fig. 12.

In regard to extinguishing ability of a foam compound of hydrolyzed protein base, the
total protein (or nitrogen) content, especially the content of a few effective components
of protein is very important.

As long as foam compounds for water miscible solvents maintain the present extin-
guishing ability against the fire, 2 times as much as the rate of application of this large
fire test f.e 6.30 I/min. m? (0. 15 gpm. ft™?) should be admitted as a standard rate of
application.

In the gasoline fire test of 4 m? scale it was seen that the chemical foam agent is
inferior to those foam compounds of hydrolyzed protein base. This is owing to the
poorness of heat resistance and fluidity of the chemical foam.

N
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