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'." ;;:" A quantitative study has been made of the compatibility of dry
.;. " ..,;..; ', •. -chemicaL with fire-fight-ing foam, when applied 'to a' petrol fire.

';'"'' :.- " It is shown that serious destruction of the foam can occur under
.-l.;',,;" .~·:\.<sore conditions, and t hat it is almost entirely due to the metallic
0;' I ,-;' stearate oomnon'ly added to dry chemical.extinguishing agents tor.. iClprGve their. flowing 'pr.operties; ...• -- ....
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The inaan use of dry chemical ::'.t the moment is for hand extinguishers intended

for small spill fires, and the question of its compatibility vi th foam s e Ldom arises
in this appki.cati on. However, because f'LammabLe liquid fires may be rapidly'
controlled with relatively small amoWlts 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 thi~ V/i.\Y is lil<:ely' to increase. In common

, with vaporising liquids, howey.er, dry chemical does not protect the fla.r:trnable
liquid from re-ignition and it therefore seems probable that foam OJ:J.Y always
have to be used in conjunction with dry chemical.

E:<perience in thia country and in America, bovever , has shown that mechanical
foams ~y ge broken dO\7n by contact'vath commerci~l grades of dry che1ucal.
Tests ~4} (5) carried out at the :i'!aval Research Laboratories, ~iashington, LndLcatied
that powders containing a metallic stearate as a flow additive had a ser~ous effect
on the stability of a foam ,layer when applied to its surface. They also ehoved
that the presence of dry chemical in burning petrol could affect the subsequent
formation of 0. foam blarucet.

A quantitative measure of the compatability of foam and dry chemi cal, is
needed to help in deciding to what· extent the t~/O can be used together. It rraa
thought that this could beat be achieved by measuring (n.) the effect of l?rior
application of ary chemica~ to a. fire on the critical rate of applic~tion of foam,
and (b) the 'effect on the stability of a foam b Lanke t of ap~)lying dr..r chemical to
its surface.

?cst programme

"

'1'hc drainuge of' f'oam on hot petrol to v.hd.ch dry chemical had been added ste»
measured in the "petrol resista.nce Index" appar-atue (2). The rate of drainage
was af':'ected by the degree of agitation of the petrol on a.pplication 0;: the foam,
and there w8.a.little evidence f the accelerated br-eakdown vhi.ch l)ractical experience
has shown to be possible. ':;3ecause of this it Has decided to corry out tests whi.ch
simult:;ed operational conditions as closely as possible. :retails of the experimentnl
mate,ria.l~ am procedure are given below.

(a) Teat fire .-

The test fire 'consisted of a 1~ in. depth of ~etrol burning in a 3 ft. square
trasr, 4 in. deep.

(b) PrY chemical

-------- . -,-
Two readily-available dry ·'cheniiear-agents were teated - Pcmder A, 8. commercial

dry chemical containing 9~ per cent sodium bicarbonnte, 3 per cent ,talc, and
1~ per cent magnesium stearate, a nd Fbwder B; t: sodium 'qicarbonate of coarser erade
containing 1 per cent calcium hydroxyphospQate. 'l'he talc, heine insoluble, oould
have no effect on the stalri.lity of protein fowns. FOwder B waa the finost grade
awdlable ~Ihioh did not oontain a metallic stearate but it was considered that the
particle size of the'po.roers ~lould h~vc little ir any ,effect' on foam stability.
The main difference .then between Powders A and I3 was that one corrbai.ned the surface­
nctive magnesium stearate as 0. flou additive and the other contained calcium
hydroxyphosphate.

~ (c) 14' onm-

. ,. ;,... '

..,,':........ '.

\ Foam ~a~ supplied from a mechanical foam generator adjusted to give an expansion
'of 7 and 8. critical ahear stress of 500 dyne alcm2 + 10 per cent. '1'he compound waa a
standard OaDmercial type, in 3 per cent solution. -Throughout this paper, the rate of
nppl~cation of foam, in gaJ/ft2/min, refers to the volume ot.: solution contained in

, t- the. foam" and not to the volwne ~f foam. The foam was projected into the centre of ~

, . the fire ~m a single .,jet, ert; fran the oentre of the fire and 4 ft. above the '
" " "'~" . petrol surfa.oe.
~~'l+':}~~'_:J",~ • ~._~" _., :: • ", " I,· ..~\"·""~·f
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{d) (:::~,it..,ia ct' centrol of fire and stability of foam la,yer

T'1ree radiometers were placed 'around the fire, and the radiant intensity
WaS continuously'reoorded during the tests. It was not possible completely to

" ' extinguish the fire with i'o.,:m by the above rrethodof application since the foam
bc~rne contaminated,with petrol.

','" ' The, fire "control" time was t aken as the point at which the intensity had
fTl:llen 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 the foam, petrol contained in the
burning at a low Lnt ensd ty, The criterion adopted to
layer Vias the time taken for the intensity of the fire
its initial, value.

Experi~£ntal procedure

foam layer continued
ass ear the stability of the
to rise to one-third of

I. 7he effect of the prior apu1ication of dry chemical on the critical rate
o~ applilJation of foam to the tt;:>t fire

It ~as first necessary to detennine the effect of rate of application on
"control" time for the method of application used in this investigation.

The petrol was allowed' to burn freely for one minu t e, Foam was then
api'lied and the "control" time was measur-ed, The application of foam was
continued 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 n~asured by allowing the fire to burn back. Tests
were made at different rates or application.

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

,Silfilar test's were rmde in which a known quantity of dry chemical VIas sprayed
into the tray illl1l'~diately after the preburn. The method and rate of application
of the aiy chemical were chosen so. ·that the fire was reduced but not extinguished.
\'I~lcn the intensity had again reached a uax i mnn, foam was applied as before. It
was round that at Low rates of application of foam the fire could not be controlled.,
~'ests wcre 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.
~n,ere control was achieved, the stability of the foam layer was measured as before.
~rther tests were then made with a greater quantity of Powder d, and the whole
series of tests was repeated with Powder B.

It The effect on the stability of a foam layer 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 continued~after 'control' until a further' J2. gallons of foaming liquid had
been applied." A quantity of dry chemical varying from tlb. to l<r.llb. in different
tests was then applied and extinguished the residual fire caused by, the burning of

. the petrol in, the foam. In order to rreasur-e the stability of the foam layer the
fire was re-igriited by a taper as soon as'appiication of the dry ohemical was
oomplete, and the 'burn-baok' time ~as measured.

III. The' Il,ppligatipnof., dl:y chemical,and fuamto _sansLsoaked.with, petrol
,

. An ,i~'6h and a half of sand was laid in the bottom of the test tra.v and
811.turated with 'petrol. After the preburn tirre of 1 minute, 5 lb. of dry chemical
o~nta~in~gnesiumstearate was applied to the fire. Foam was then applied at

, , " '2"
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jua.t above the critical rate, ;,,5 measured in It to determine izhether- the critical
rate had been increased ,b.Y this condition.

:~~le 1 ohows the time tru,en to'control ~lw fire by foam alone, at rates
of ~)~l~~~tion from 0·028 gal/1ft2/min to 0·5 sal/rt2/min, and also in conjunction
\;i t:":I 3' 1 l

J . or 10 lb. of Powder A, or 11 lb. of Powder- B. 'fhe soLi.d curve in
!"if.·,;re 1 shows the dependence of control time on ra.te of application of foam alone•
'1'1.1e oct~~~ curves sl1<;>," the ef~ect.of. the pz-Loz- £\;1plication. o~~ dry. chemical ~o. the
rJ.r~. :l~ll.S and earlJ.er work (3) l.ndl.ce.te that as well as ancr-easang the arl.tl.cal
rate of' application of foam, the presence of dry chemical also increases the
control time at rates above the critic,",l rate.

Figure 2 shows more cle"Xly the effect of the dry chemical containing'
~agnesi~~ stearate on the critical rate of application of foam.

The application of dry chemical to the sL'Iface 0:':" a foam layer

The effect of this method of applic&tion 0n tl~ stability vf a fo~ ~yer is
shown in ~~gure 3 for Po,roers A and B.

The 6.?plJ.ca.tion of dry c~emical a.na foam to iJCtrol-soaked sand

The tests desaribed above (Section I) show the critical rate of alJplicr..tion
of roam to the test fire containing 5 lb. of Powder' J,. to be about 0-15 gal/ft2/ r.d.n .
On £\.L:>plying ..~oam at a rate of 0.17 gc:.l/ft 2/min o.fter 5 lb. of the checri.caL had been
si'rc.yed on to the petrol-sonked sand the control time vas found to be about
tv Gc.;onds •. This is lower 'than the mean time of 105 seconds found in the previous,
t~3t for' this rnte of application, and shows t.hat this condi don is certainly no
vcrse than thrl.t in the tests described in Section I.

It ~ill be seen from FiCure 1 that the critical rate of application of fowe
by its:;:lf to the test fire is about 0.02 gal/ft2/min. 'fhe prior application or
0.55 Ib./ft2 of Powder A increases ,the criticnl rate of ap)lication of fown to
about 0·15 gal/ft2/min

t that is, by a factor of 7~_ ~he a?plication of
1·4 Ib/ft2 of the same che~cal increases the critical rate by a factor of over
20, to about 0'45 gal/ft2/min. 11m/ever, the application of 1·6 Ib/ft2 of
Powder B, conta:ninB no metallic stear~te, resulted in un increase of the
critical ra.te of application of forum by a f~ctor of only ~}. This indicates
that the increased' rate of destruction of the ~oam is due to the metallic
stearate, and thP.t the effl;)ct of any change in the pif value of the solution is '
small in comparison.

BY applying dry chemical through a flat spray nozzle the test fire could
be extinguished rcpe~tedly USil1g only 0·2 lb. of chemical per square ~oot.

However, under oper-atLonal, conditions, Yath large fires and with the appar-etus
and techniques nt present in use, it is lil~ely that much larger quantities 01
dr-y chemical vouLd 'be used.

il.ircrni't crash fire-fighting equi.pmeut in usc in this country at present
ifi:\cn.pable of delivering up to 300 gnl/r:lin, of \later in th:;;l form of :'Oc:...;l for
nb~i!:t 2 minutce, Aasumang tho.t foam Hill be f.l?l)lied r,.t not ~e8B than four
'ti':'~3 t he o.I)l'l'opriatc critical rate, an indicr.tion of ·~he maximum sizes of
f'i l'~) t !K~t coul~LbrJ-control-lcd-b:r-auccessive-application:-oi:--y"arJ-ous amounts of
dry dl~:miuul and room, without risl: of' serious foam breokdovm, can be deduced,
~fL'tl~ n.r~ given in table· II.

~~--------
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" ,



1'ABLE II

. ut-xilll.lm fire ,.rea controllab le by foam aPplied at
. oJ>PlicatiOt of drY Chemical containing a i.:etallic

l .

300 gaJ/min. after the
.rtear-a t e , .t.

"

•

-"

POwliRR FOAM
APPLIED CRITICAL RATE I TYPICAL' *RATE MAXnuJ},\ A."EA

CJl'iTROLLABLE
LB/FT2 G-AL/FT2/MIN G-AL/F'i'2/MIN SQ. FT•

•
0 0.02 . 0.05 3750
0.2 0.075 0.30 1000
0.5 0.16· 0.6/1- 470
1.0 0.30 1.20 250
1.5 0.4-5 1.80 170

~ Assumed to be four times the 'critical rate'.

Certain factors peculiar to. the conditions of test, which may be modified
W1dcr C'p~=ation3J.. condi tions, should be borne in rrti.nd when conaader-Ing this table.
'In t he t,'sts, f'oam is applied from a single stationary jet and falls into the oerrt re
or n." fire a..'p.a, and the. action of the dry chemi.ca L on the foam is a Iraos t certair..l,y
acuaJ.cra~by the stirring taking place as the foam jet agitates the petrol. The
,iL'il';.ilOf petrol, cons t ant at l~in. in the tests, would be expected to vary consideI'­
a.l:ly in a cr-ash fire, and this factor ''''\f have SOme inflaence on the degr-ee of
co~t~~t of chemical and foam. Despite these reservations, however, Table II
gaves a fair indication of the magrritude of the problem.

When' control' WaS achieved the foam Lcyer- rerrained stable for a considerable
tima (1'able 1). This is pr'obab Iy because there is no further agitation of the
petrol by f'oam and conacquen t Iy no further pick-up of the rootallic stearate and
t'r-ee 5te~ric acid present in the petrol. At this stage the surface active
s.teo.rate will be present at the foaro/petrol interface and at the petrol/water
in.~rf~ce at the bot tarn of the tray. The presence of surface-active agents at the

-. f('=/petrol 'int"r[ace in the absence of agitation does not appear to cause, rapid
, (cam' br-eakdown, This is confirmed by one of the Amer-Lcan Naval Research ~7 )
L...!Jc.:itories exper-merrt s w'here foam was applied gently after the application of dry
cherrdca L and little breakdown occurred.

A.,';:>lication of dry cherr.ical to the surf'ace of a f'oain blanket has a rrarked
effect 0n its·st~~ility, depeuuent on the amount of cliemical applied. Fi~re 3
·sh~ws th~ effect of sodium bi~,rbcnate vnth and without rna~~esium stearate. If
a f"ale, layer which takes 5 I:u.nutes or longer to burn back is considered reasonably
at ab Le , then it is seen that the addition of on ly 0.15 lb. square foot dry chemical
ccnt~i~ing " metallic stearate renders the layer unstable. The stabili.y is onl,y
slightl,,\' affected by the application of even large amounts of dry che mi ca.L not
oontaining a metallic stearate., . .

Conclusio~lS

The use of dry chernicaL extinguishing agents containing a metallic stearate
to£ether with protein foam can lead to serious breakdown of the foam, and in some
circurrstances may even prevent the formation of a foam blanket. The effect is
alr.ost entirely due to the presence of. the metallic ctearate. The extent of
their incompatibility depends very largel,y on the quantity of dry chemical
involved, the rate of application of the foam, and the degree of agitation Which
is hrgel,y dependent on the ne thod of foam application, It is considered that the
oonolusions from these small-scale tests should also be examined in full-scale
operational tests.

\ ..
A probable reaSon for the breakdown is that the very surface-active metallio

stearate replaces, or partiall,y replaces, the protein molecu les conferring' stabi.1i1;y en the
foam film at the gas/liquid interfaoe. Sinoe some additive is essential to
improve the flow properties of dry. chemioal, an approach to the problem of
oO::1~1O.tibility with foam might be made in several ways. Some suggestions for
f'urther investigations are given.' ..

i
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.
(1) -. ~he effect of inoreasing the strength of the foam solution appreciably above

3 per cent.

(2) If 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 possibly be achieyed by the use of a suitable spr~ed fo~

(3) The use of an additive in the' dr,y chemioal which is less surface active than
the protein solution, without·being appreoiab~ more soluble than the present

":additive.

The use of an additi¥e which is not surface-active. The calcium ~dro~os-
• r'
",tiliate contained in Powder B is. an example. o.f such a material.

Mr. K. Sumi of the National Reaeanch.Oounot 1--0£'-- Canada carried out some of
the prelirnin:l.r,y laboratory' work and also helped in some of the fire tests.
Mr. D. Barnes also assisted in nueb of the exr,crimenta1 work.
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Table!

Fire control times undor various test eondltlo~
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_.
FOAII: . . FIRE CONrROL THE (SEC.) 0)

Total volulllll Volu... applled- f'..lm-tlBCk
Rata or application Crl t leal shear Total tlms or 5 lb. 10 lb. U lb. roam applied atter control tIre

ga1/rt2/mln. ~ress dynes/cuF application No powder powder .o)A - pa.vder A ' powde r (2lB ga1/rt.2 gal/rt.2 mIn.
mIn. sec.

0.028 465 8. 20 140 0.233 0.168 >5
• 510 7 35 95 0.212 0.168 >5'

0.056 515 .4 00 622 0.224 0.166 >5
• 465 4 20 822 0.242 0.165 . >5\
• 440 6 15 .. 185 0.350 0.177 1.7
• 580 5 15 135 0.294 0.168 >5\• 325 6 05 195 0.341 0.160

~~\. 0.11 485 3 05 50 0.3'l0 0.318 ,
• 500 '2 00 36 0.220 0.154 >5
• sao 3 00 (O)N.C. 0.330 - I• 475 - - N.C. - - -,
• 475 3. 05 95 0.340 0.165 I >s 1

0.1Ii 475 2 15 N.C. 0.316 - I -i
•. 475 -, - 50 - -

I
0.5

• 515 - - N.C. - - -I
0.17 540 1 40 45 0.283 0.155 1 >5:

• 430 1 30 40 0.255 0.142 . >5 i
• 430 2 30 1222 0.425 0.078 >5'
• 430 2 30 90 0.425 0.1'10 >51.
• 475 3 30 185 0.595 O..nO 0.1,
• 565 4 00 N.C. 0.680 - -I• 505 - - N.C. - - -,

0.22 425 3 50 200 0.843 0.109 3.8
• 475 4 20 . N.C. 0.955 - -• 520 4 05 N.C. 0.900 - -

0.28 530 2 40 N.C. 0.747 - -
0.33 510 1 20 55 0.4115 0.139 >5
0.35 350 1 55 (4)N.C. 0.670 - , -
0,42 775 2 50 (5 )N.C. 1.190 - ,

>;10.50 550 0 40 (5)30 0.334 0.084
• 510 1 10 (5)55 0.584 0.168 >5'

• 510 1 30 (5) 68 0.750 0.184 >5
• . 560 1 30 (5) 65 0.750 0.208 >5

~ I

,
(0)
(1)
l2)
(3)
(4 )
(5 )

N.C•• tlc contr-o'l.,
"Powder A ..... 95£ .,cr cent sodtum btcarocecte , .3 p~r cent talc. l! per cent eagnes tum stearate.
Poeder- B - 99 per cent socium btcer-bonate , 1 "per- ccn t ca Ic turn hydroxy-phosphate.
Tt~ volume or solution contaIned In the roam ts gtven.
3 rt , 3. In. x.5 In. ctr-curar trey.
.3 ft. x 8 In. circular tJ(.lY. The deeper ctrcular" trays were found necessary at the htgher rates or application dJe to roam splllage.!rom the noncal test. tl"6Y. -
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FIG 3. EFFECT ON TH E
DRY CHEMICAL

STABILITY OF' A FOAM
TO ITS SURFACE

LAYER OF APPLYING




