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REVIE:! OF VHE USE OF PIVE FU.DERS FOR #IRE EXLICTION
by

D. Hird

Both sodium bicarbonate and common salt have been used for a long
time for "damping down" domestic fires, and one o the first dry
chemical extinguishers consisted of a container from which the chemical
( sodium bicarbonate) was either thrown or sprinkied on the fire, .bout
Torty years ago a gas pressurized unit unlch expelled dry chemical st
a high ve1001ty was developed in Germeny, The chemical uscd was sodium
bicarbonate containing about 15 per cent borax, which, it was hoped,
would make the powder effective sgainst solid combustible materials,

A metallic stearate was added as a waterproofer,

Although interest has besn arousecd and dry chemical has been much
wore widely used since 1945, there hes been little change in the tjpe
of chemicals used, It hes been found that smaller particle sizes give
betier results but the majority, if not all the dry chemical used at
present contains about 98 per cont sodium bicarbonate, and metallic
stearates are widely used as additives.

The present commercial dry chemical is undoubtedly wore efficient
than carbon dioxide or chemical foam for extinguishing small spill fires
and the 20 1b, dry chemical extinguisher, of similar size to the 2 grllon
{oam extinguisher, is rated by the Factory hiutual Iaborotory as capable
of extinguishing a 12% square foot petrol Ffire. 'he compaxrable figure
for a 20 1b, carbon dioxide extinguisher is 7 square feet, In trained
hands the 20 1b, dry. powder extinguisher is capablv ol 0xt1n5ulsh1ng
- much la.rger area of burning petrol than 12} square feet,

.Because of the possibility of a ropid extinction or reduction in
intensity of a petrol fire by dry chemicals, the main development of
" large-scale equipment has been direcited to ajircraft crash fires, ' The
present opinion in this country is that relatively small amounts of .dry
- chemical (400 1b,) should be used in conjuncétion with foam for circrafi
crash {ire-fighting, - The Royal Canadian idr Force, however, and some
overseas commands of the Roval Air Force have cqulppad themselves with
large mobile trucks carrying 4,000 1b, of chemical, o rcports cf actual
service c&perlence 0~ this equipment haveé been received, buu “the
Canadian Air Force claim to have carried out succcs"“ul ests on large
simulated crash fires,

One of the obvious disadvantages ol this type of medium is that it
does not give any protection against reignition of the petrol, and
because of -this its use in conjunction with foam would be more satisfactory,
Experience both here and in America 1) has shown that many commercial
powders can cause the rapid brealrddovmn of foam, not only if the powder is-
applied én the foam, but also when the foam is applied Yo petrol which has
been extinguished by dry chemicals, The effect is thought to b¢ mainly
.due to the high surface activity of the metallic-stearates, which indeed
-are used as cammercial antifoaming agents, ‘'he decomposition of the
sodium bicarbonate under fire conditions can lead %o a change in ph value
of the foam solution leading to a more rapid bre:rkdown, but ths is
lLlely to be a secondary ef fﬂct

Sp601a1 poﬂders hove also'been developed Tor the extincition of metal
fires such as sodium end lithium, ‘he mechenisi in.this cose i1s simpler
and in most of these powders one constituent is aifusible material,
(bitumen and "hoof and horn" have been used) which will welt on the
burning metal and exclude the oxygen, The products of deccmp051tlon of
the.carrier powder must not react with the metal,
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The mechanism of extinction by fine powders

The only investiaations published to date of the extinction of
liquid fuel Tires by,fine powders were corried out at the ifational
Bureau of Standards (2 , Who concluded from subjective tests on a
16 square foot petrol fire that particle size and dispersibility were
important and that materiols other than sodium bicarbonate were
effective, The dlsper51on of the powder is of course as much & function
of the equipment as of the powder.

Inconbustlble powders, hevc been sed for a long time for the
inhibition of dust explosions, and large quantltlus of' limestone dust
are used annually for this purposé in our -coalmines. Incombustible
powders are also included in or around.the charge whilst firing is in
progress in the mines to suppress the possible 1gn1tlon of methane-air
mixtures.. : A . .

‘The mechanism of both these processes may be similer in many ways
to'that of dry chemical on liquid fuel fires, and they have been
investigated in some detail by a number of workers,.

(a) The_suppression of dust_explosions by incombustiblé _powders

ﬁmny measurements have been made of the proportion of added dust

requlre? to make % combustible duat non-infleammable at any concentration
) T?e majority of this work has been done with coal

dust but Bowes et alia 1nvestlgated the effect of a number of
1ncombust1ble dusts on flour and cork dust. They also investigated
the’ efiect of fineness of the incombustible dust and found an increase
in flame suppressing efficiency with the finer powders, They noted that
the addition of a small amount of waterprooflng agent to aid dispersion
of the ,Gusts had no effect on their flame-suppressing capabilities,

. The general conclusions of all the workers on duSus are that alxall
metal salts are more effective suppressors than are insoluble mineral
salts, and that the alkali halides are particularly efiective, potasaium
being'éuperior to sodium and the order of increasing-efficiency of the
halides belng chloride, bromide, iodide and fluoride, The flame-
suppressing efalclenqy of nlneral dusts appears to be roughly related
"to their heat capacities, but the efficiency of the alkeli salts is -
oreater than thermal conSJderatlons would suggest,

The suppression of methane-air ignitions by fine powders

The figst detailed study of this phenomenon was underteken by

Jorissen &) who had earlier investigated the effect of vapours on the

explosion of gases, He found thet at a certein dust concentration the

. mixture of methane and air was no longer explosive, and he expressed

. the efficiency of different powders in terms of the concentration by
weight necessary Eg extinguish a methane-air flame propagated in & glass

tube, Di jsksman extended this work using a different technique and

gave as good extlngulshers of methane-air explosions, potassium chloride,

s0dium chloride and sodium blcarbonate he also established an

approximately linear relationship between specific surface and extinction

efficiency, Later Jorissen (9 using Dijsksman's method and working

near the lower flammability limits, found the alkali halides particularly

erfective, ‘

Dufrﬁlsse (11) in 1930 1nvest1gated the effects of various ‘powders

on town gas, methane ‘and "carbon monoxide flames, He found potagsium

bicarbonate more ef;ectlve than sodium blcarbonate and showed that the

flames could be extlngulshed by promotors of combustion such as sodium

or potassium nitrate, "He suggested that the extinction’ by ‘these powders

was at least partly due to an anti-oxidising catalytic effect. He

later (12 gave the most efficient extinguisher as potassium oxalate
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but showed that the addition of certain materials such as silica to
the oxalate improved the efficiency. ifixtures of potassium oxalate

(30 per cent) and ‘sodium bicarbonate (70 per cent) were also. shown to
be more effective than either salt, '

Sperckaert (12) investigated the effect of various salts on _
explosive mixtures by igniting the mixture of explosive and salt and
measuring the duration, temperature and length of the resultant flame
in different gases, Ie found some relation beiween the specific heat,
latent heats ol fusion and vaporization, and the efficiency of the salts,
and gave again the alkali metal lnlides as particularly effective, placing
them in the following order of efficiency, S .

Li, fa, &
end F1, ClL, Br, I

Recently Dolan and Dempster (13) have investigated more fully the
relationship between physical and thermal properties of powders and
efficiency in suppressing ignition of methane-air mixtures., They have
shown that the efficiency of a particular material is dependent cn its
specific surface and can be expressed in cm?/litre of gas mixture,

They found that salts which decompose below 200°C are generally
erfective, but that the efficiency of some salts, particularly the
alkali metal halides could not be explained on purely thermal grounds,
They suggest that since partial vaporization takes place there is some
ion interference in the methane/air reaction.

The alkali metals and the halides are placed in different orders
of efficiency by workers using different techniques, but they still
emerge as amongst the most efficient suppressors of methane-air ignition,

Discussion

Although the mechanism of extinction of petrol fires by fine powders
may be similar to that of mixtures of methane and air, it is unlikely to
be identical, i"irstly, with a diffusion {lame near to burning petrol the
combustible gases will be near the upper flammability limit, and powders
or their products of dissociation may interlere with the diffusion of air
to the flame. The application of powder at hich velocities with the
entrainment of appreciable amounts of air would therefore seem to be
inefficlient, It has been suggested (2) thet fine powders absorb wmuch of
the radiation from the flames and thus reduce the heat transfer from
flames to fuel and reduce the rate of burning, :

The degree to which the efficiency of extinction of petrol fires
is due to purely thermal and physical effects might be clarified by.the
use of a material whose extinguishing action on methane-air mixtures
has been shown to be accountable on purely thermal grounds for example
ferric oxide (13),

Conclusions

The outstanding problems in the use of dry powders for extinguishing
liquid fuel fires are:-

(1) To determine the best type of powder and particle size,

(2) %o determine the best methods of applying the powder to
different types of {ire,

These problems involve such considerations as methods of production
and storage and cost of the powders but it is {first necessary to make a .
quantitative assessment of their firefighting capabilities,
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