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Ve > A quantitative study has been made of the compatibility of dry
RIS -chemcal with fire-fighting foam, when applied to a petrol fire. C

_::,-.-- '-« "It is shown that serious destructlon of the foam can occur under

; _f‘." . '*‘t‘* sore conditions, and thet it is almost entirely due to the metallic
1y R S

4 -, v . stearate conum*xly added to dry chemical extlrgulshlng agents to :
{7 . improve their flow:mg propert:.es o Y
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l . e THE EVFECT Oy DRY CHEMICAL EXTINGUISHING © - " i, -
S ’ AGHTTS O THE B¢ ICIHICY OF HECILUIICAL .
AN . FOAM - ' ..

by

D, Hird and L J. Gregsten .

a . © Irntroduntion

-

L The hain use of dry chemical ot the moment is for hand extinguishers intended
¢ - for small spill fires, and the guestion of its compatibility with foam seldom arises
% ° in this application., However, because flammable liquid fires may be rapidly- -

controlled with relatively small amounts of dry chemical without giving rise to

toxic products this agent is at present employed in some aircraft crash fire-

fighting vehicles (1) and its use in this way is likely to increase, In common
- with vaporising liquids, howeyer, dry chemical does not protect the flammable

liquid from re-ignition and it there¢ore seems probable that foam ooy always
" have to be used in conjunction with dry chemical,

Experience in this country and in Americes, however, has shoim that nechanical
f'oams '?e broken down by contact with comnercn,cl grades of dry chemical,
Tests T&¥ carried out at the ilaval Research Laboratories, ‘iashington, indicated
- that powders containing a metallic stearate as a {low additive had a serious effesct
on the stability of a foam layer when anplied to its surface. They also shoved
that the oresence of dry chemical in burning petrol could affect the subsequent
formation of a {foam blanket, .

A quentitative measure of the compatability of {oam and dry chemical is
needed to help in deciding to what: extent the two can be used together. It was
thought that this could best be echieved by measuring (a) the effect of prior
application of dry chemical to a fire on the criticel rate of application of foam,
and (b) the effect on the stability of a foam blanket of applying dry chemical to
its surface,

Test programme

The drainage of foam on hot petrol to which dry chemical had been added vias
measured in the "petrol resistance index" apparatus (2). The rate o drainege
was alfected by the degree of agitation of the petrol on application ol the foam,
"and there was little evidence f the accclersted breakdovm wihdch practical experience
has shown to be possible, "3Because of this it was decided to carry out iests which
simuleed operational conditions as closely as p0351blc Details of the experimental
materials and procecdure are given below

'(a) Test flre - ' . : —

'The test ;1re consisted of a 1% in, depth of petrol burnlng in a 3 ft. square
tray, 4 in. deep.

L &

(b) Dry chemical

Two readlly-avallable dry ‘chemical agents were tested - Powder A, & commercial
dry chemical containing 955 per cent sodium bicarbonate, 3 per cent talc and
15 per cent magnesium stearate, and Powder B, & sodium blcarbonate of coarser grade
conteining 1 per cent calcium hydroxyphosphate The talc, being insoluble, could
have no effect on the stability of protein foams, Powder B was the {inest grade
available whioh did not contain a metallic stearate but it was considered that the

. particle size of the powders would heve little il any effect on foam stability,
. The main difference then between Powders A and 3 was that one contuined the surface-
« active magnesium stearate as a flow addltlvc and the other contained calcium
- hydroxyphosphate,
. *{e¢) ¥oam

! Foam was, supplied from a mechanical foam generator adjusted to give an expension
of 7 and a critical shear stress of 500 dynes/cm® + 10 per cent, The compound was a
standard commercial type, in 3 per cent solutiom, “Throughout this paper, the rate of
application of foam, in gal/ft2/min, refers to the volume of solution contained in
. - the foam, end not to the volume of foam, The foam was mojected into the centre of ﬂ
t - the fire {rom a aingle Jet 8 f£t, fron the oentre of ths fire and 4 ft. above the
ki .,petrol aurface. L o . . .
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(e) &oitexda of control of fire and stability of foam layer

o Taree radiometers were placed around the flre and the radiant intensity
was continuously recorded during the tests. It was not possible completely to

extinguish the fire with foam by the above rethodof application since the foam
beoane contaminated.with petrol

The-fire "control" itime was taken as the point at which the intensity had
fullen to 15 per cent of its initial value and it was considered that people clad
in protective clothing could walk through the fuam blanket at this stage.

On shutting off ithe foam, petrol contained in the foam layer contimued
burnlng at a low 1nten31ty. The criterion adopted to asses the stability of the
layer vwas the time taken for the intensity of the {ire to rise to one-third of
its initial wvalue,

Experimental procedure

I. fne effect of the prior apulication of dry chemical on the critical rate
of application of foam to the test fire

It vas first necessary to determine the effect of rate of application on
"gontrol" time for the method of application used in this investigation,

The petrol was allowed to burn freely for one minute., Foam was then
applied and the "control" time was measured, The application of foam was
centinued until the quantity of foam applied after the fire had been "controlled"
was as far as possible the same whatever the rate of application., The stability
of the foam blanket was then measured by allowing the fire to burn back. Tests
were made at different rates of application.

These tests showed that as the rate of application of foam was reduced the
time taken to "control" the fire increased until a rate was reached at which
"econtrol" could not be achieved, This rate is defined as the "critical rate of
application" and is a measure of the efficiency of fire-fighting foams. Any
factor which affects this rate can be considered to have affected the efficiency
of the foam,

.Similar tests were mde in which a known quantity of dry chemical vas sprayed

_into the tray immediately after the preburn. The method and rate of application

of the dry chemical were chosen so-that the fire was reduced but not extinguished,
When the intensity had again reached a maximum, foam was applied as before. It
was found that at low rates of application of foam the fire could not be controlled,
Tests wore made, with a fixed quantity of the commercial dry chemical - Powder A -
at increasing rates until the fire could be controlled twice in three attempts.
Where control was achieved, the stability of the foam layer was measured as before,
Mirther tests were then made with a greater quantity of Powder A, and the whole

. series of tests was repcated with Powder B,

I_f. The effect on the stability of a foam laver of the application of dry

chemical to its surface

In this series of tests the fire was allowed to burn for one minute before
foam was applied at four times the 'critical rate' The application of the foam

- was continuedafter 'control' until a further 1 gallons of foanung liguid had

been applied.” A quantity of dry chemical varying frontzlb to 1031b, in different
tests was then applied and extinguished the residual fire caused by the burning of -

" - the petrol in the foam, In order to naasure the stability of the foam layer the

fire was re-lgnxted by a taper as soon as appllcatlon of the dry chemical was

" conplete, and the 'burn~bacgk' time was nmeasured,

III. The appligation of dry chemi¢cal and fuam to sand soaked with.petrol

. An inch snd a half of sand was laid in the bottow of the test tray and
saturated with ‘petrol. After the preburn time of 1 minute, 5 1b, of dry chemical
antainingﬁpagnesium stcarate was applied to the fire, Foam was then applied at

. T B LY -. ‘. .,- . 2 "
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Just above the critical rate, =8 measured in I, to determine ihether the critical
rate had been increased by this condition,

Eiﬁrn:lts
SASIERE LN

P“'f" ?“)1109t”0n of dry chemical

Zable 1 shows the time tnken to control the ¢1re ty foam alone, at rates
of applisation from 0-028 gal/ft2/min to 0-5 gal/ft2/min, and also in conjunction
witih 5 1h, or 10 1b, of Powder A, or 11 1b, of Powder B, The s0lid curve in
¥igure 1 shows the dependence of control time on rate of application of foam alone.
The gctiad curves show the effect of the prior application of dry chemical to the
fire, 1his and earlier work (3) indicete that as well as increasing the critical
rate of application of foam, the presevice of dry chemical also increases the
contrel time at rates above the criticsl rate,

Figure 2 shows more cle~rly the eflect of the dry chemical containing'
magnesiun stearate on the critical rate of aDpllcatlon ol {Toam,

The application of dry chemical to the surface of a foam layer

The erfect of this method of application on tlu stability of a foam 1ayér is
shown in Figure 3 for Powders A and B.

The application of dry chemical and loam to petrol-sosked sand

The tests desorlbud above (Section I) show the Crlulcul rate of application
of foam to the test fire containing 5 lb. of Powder A to be about 0¢15 gal/ft2/min,
On epplying Toam at a rate of 0-17 gal/ft2/m1n after 5 1b, of the chemical had been
sproyed on to the petrol-socaked sand the control time as found to be about
&0 seconds, © This is lower ‘thain the mean time of 105 seconds found in the breviocua
te3t for this rate of application, and shows that this condition is certainly no
werse than that in the tests described in Section I,

Discussion of results

It will be seen from Figure 1 that the crltlcal rate of appllcatlor of foanm
by itself to the test fire is about 0.02 gal/ft /mln The prior application of
0:55 1b, /“t of wader A increases the critical rate o; apnlication of foam to
about 0-15 gal/ft2/min, that is, by a factor of 75, ‘“he adplication of
1.4 1b/Ct2 of the same cbenlcal incrcases the crltlcal rate by a factor of over
20, to about O-45 gal/ft2/min, However, the application of 1.6 1b/ft2 of
ubwder B, conta-rlng no metallic stear"te resulted in an 1ncr”ase of the
critical rate ol application of foam by a foctor of only 2%, This indicates
that the increased rate of destruction of the {oam is due to the metallic
stearate, and that the effect of any change in the pil value of the solution is *
small in compaxrison,

By applying dry chemical through a flat spray nozzle the test fire could
be extinguished rcpeatedly using only 0.2 1lb, of chemical per square loot,
However, under operational conditions, with large {ires and with the a:paratus
and technlqugs at present in use, 1t is likely that wmuch larger quantities ol
dry chemical would be uscd,

Aircroi't crash Tire-{ighting equipment in usec in this country at prescnt
isncapable of delvering up to 300 gal/min, of vater in the Torm of foam for
abutt 2 minutes, Assuming that foam will be applied #t not less than four
Lives the appropriate critical rate, an indication of the maximum sizes of

fi1re that could bu_oontrollod~bj~succe551vevapp11catlon of various amounts of
dry chumical and foam, without risk of serious {oam brenkdown can be deduced.
Thess ars given in table II,

Vi




' itxlnum fire srea gontrollable by yoam gpplied at 300 gal/min, after the

TABLE II

llcatlog of dry chemical containing a i.etallic atearate.

l

- 1

. POWDER - TOAM .
APPLIED CRITICAL RATE tTYPICAL' *RATE MAXIMUM AREA
CONTROLLABLE
1.3/F12 GAL/FT2/MIN GAL/™?2/MIN 3Q. ¥T
. ) 0.02" 0.08 3750
* 0.2 0.075 0.30 1000
0.5 0.16. 0. 64 470
- 1.0 0.30 1.20 250
1.5 0. 4% 1.80 170

L

* Assu@ed to be four times the 'critical rate!,

Certain factors peculiar to the conditions of test, which may be modified
undaropcrational.conditions, should be borne in mind when considering this table.
In the tuats, foum is applied from a single stationary Jet and falls into the centre
of tre fire area, and the action of the dry chemical on the foam is almost certairnly
ascaleraid by the stirring tdklng place as the foam jet agitates the petrol. The
depth of petrol,. constant at l¥in, in the tests, would be cxpected to vary conaider-
+ akiy in a crash fire, and this factor may have some influence on the degree of
coniact of chemical ana foam, Despite these reservations, however, Table II
gives a fair indication of the naghitude of the problem.

. When 'control' was achieved the foam lsjer remained stable for a consideratle
.. timz {Table 1). This is probably because there is no further agitation of tihe
petrol by foam and consequently no further plck—up of the metallic stearate and
free stzaric acid present in the petrol., At this stage thie surface active
stearate vill be present at the foam/petrol interface and at the petrol/water
interface at the boittom of the iray. The presence of surface-active agents at the
.. feam/petrol - interface in the absénce of agitation does not apvear to cause, rapld
. foam brealidown, This is confirmed by one of the American Naval Research {5
Loberitories experiments where foam was applied gently after the application of dry
chemical a2nd llttle breakdown oucurred

Arplication of dry chemical to the surlace of a foain blanket has a marked
effect on its -stability, deperdent on the amount of chemical applied., Figure 3
-shows the efflect of sodium bicarbonate with and without magnesium stearate, ir
a foam layer which takes 5 wminutes or longer to burn back is considered reasonably
stable, then it is seen that the addition of only 0.15 lb. square foot dry chemical
contairing a metallic stearate renders the layer unstable. The stability is only
slightly affected by the application of even large amounts of dry chemical not

_ ﬁfntaining a metallic stearate,

Conclusions

The use of dry chemical extlngulshlng agents contalnlng a metallic stearate
together with protein foam can lead to serious breakdown of the foam, and in some
circumstances may even prevent the formation of a foam blanket, The effect ia
alrost entirely due to the presence of the metallic stearate. The extent of
their inconpatibility depends very largely on the quantity of dry chemical

. involved, the rate of application of the foam, and the degree of agitation which
is largely dependent on the method of foam application, It is considered that the
conclusions from these small-scale tests should also be examined in full-scale
operatlonal tests,

A probable reason for the breakﬂown is that the very surface-active metallio
stearate replaces, or partially replaces, the protein moleculesconﬂuvungsuﬂnlﬂvcnthe
foam film at the gaq/llqu;d interface, Since some additive is essential to
inprove the flow properties of dry chemical, an approach to the problem of
gomatibility with foam might be made in several ways, Some suggestions for

er investigations are given,

, -




(1) JThe effect of inoreasing the etnengbh of the foam solution appreciably above
3 per cent,

(2) 1If the agitation set up by foam entering the petrol containing dry chemical
. oan be minimised, the degree of breakdown of the foam should be reduced.
This could poss:.bly be achieved by the use of a suitable sprayed foam,

(3) The use of an additive in the dry chemical which is 1630 surface active than
the protein solution, without being appreciably more soluble than the present
-additive, :

(4) _The use of an additive which is not surfa.ce-actlve. The calcium hydroxyphos~
“dhate contained in Powder B is. an example of such a material,

These last two suggestions are. intimately connected v with those flow properties
of powders which affect their behaviour during discharge from fire-fighting

- equipment, and any investigation would also have to take these flow properties into

conmde*‘atlo*l. :
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Fire control tices under various test conditions
FOAN . FIRE CONTROL THE (SEC.) -0} )
: : Total voluma Volume applied- Byrn-baci
Rate of application Critical shear Total time of 5 1b. 10 1b. 11 1b. foam spplied after control tire
ga1/te2/nin. sress Qneslcme a:;;illic:teéon No pander - powder (1) powder A . powder (2)p gal/rt2 ga1/rt2 oin,
0.028 Lés 8. 20 140 0.233 0.168 >g
» 510 7 03 95 . 0,212 0,168 >5-
0.056 515 4 624 o.224 0.166 >5
" Lss L 20 - 824 o 0.242 04165 - '>5\
* Llo 6 15 ' 185 0.350 0,177 1.
1 580 5 15 135 0.29% 0.168 >5
. ' 325 6 05 195 0.3 0.160 | >5
. 500 2 00 36 0.220 0.154 >5
. 500 3 00 Oe., | 0.330 = -
L] h75 - - N.Cs - - ! =1
v 475 3 05 95 0,340 10.165 >5 |
0. 475 2 15 N.C. 0.316 - -
.. Y - = 50 - - 0.5
. 515 - - - N-C. - - -
0.17 sho 1 Lo 4s 0.283 0.155 >5 )
' 430 1 30 40 0.255 0.142 >5]
. L30 2 X 1224 0.425 0,078 >5
b 430 2 X . 90 0.425 0,170 >5
v 475 3 30 185 0.595 0.070 0.1
. 565 b oo N.C, 0.680 - -
e 505 - - N.C. - - =1
0.2 hzs 3 %0 200 0.843 0,109 3.8
U 475 K 20 . N.Co 0.955 - .|
. 520 4 05 N.C. 0.900 - -
0.28 530 2 Lo N.C, 0.747 - -
0.33 510 1 20 55 0,445 0.139 ! >5
0.35 350 1 55 {Wn.c. 0,670 - -
0.2 775 2 50 (5h.c. 1.190 - . -
0,50 550 o Lo (513 0.33% 0.084 >5,
" 510 1 10 (555 0.584 0,168 >5
. 510 1 0® {5) 68 0.750 0,184 >5
t 560 1 {5) &5 0.750 0.208 >5
Notes

5" (0) W.C. = No contrel,

{1} ‘Powder A ~ 954 per cent sodium bicarbonste, 3 per cent tale, 14 per cent

{2} Powader B = 99 per cert sodfum bicarbonate, 1 per cent calcium hydroxyphosphate,
(3) The volume of solution contained in the foam 1s glven.
{(4) 3 tt. 3% in. x 5 in, cirenltar trey.

b {(5) 3 ft. x 8 in. circular truy, Tha deeper circulsr trays were found necessary at the highsr rates of application due to foam splllage from the norual test tray,.

magnes fum stearate,
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