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Summary

It is shown in this report that the efficiency of a dry chemice,l
extinguishing agent with a sodium bicarbonate base depends largely bn
its specific surface, Chemicals intended for use as extinguishing
agents shoufd be ground as fine as possible, commensurate rdth
maintaini~g good flow properties,
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I!',trC'o.uction'
, .'

Oonsf.der-ab),e research into tho use of fine powdered chetri.ca.Ls for
the s uppr-eaa.ion of methane/air ignition, and of dust explosions, has
l'""n t;;\de:(7,wcen duzxlng the last thirty years. As long ago as 1934,
l:,! j3km~J:' ',1) established an aporoxiraately linear relationship between
t.he spaci:'~.0 :Jurfnce of some fine powder-s and th"'i:r efficiency as f'Larne
":\Jppressc:'i·'. ivIo:ce recently, Dolan and Dempster' (2) have cont'Lrmed this
result Ln "vrceh work on the suppression of rethanc/D,ir ignition, and
they expr-eased extir.otion limits in terms of squar-o centimetres of
powder surface per litre of gas.' '

',In view of this work it V/aS thought that particle size mig!!t have
'a similar effect on the .ef'f'Lcdency of extinction of f'Lanrnab.Ie liquid
fires by dry chemicals and this was investigated as likely to be of
ilnmediate importance.

Since the majority of commercial dry chemicals at .pz-esent in use
consist almost entirely of sodium bicarbonate, most of the investigations
to:be described were made with this material. ,Further work is in progress,
however, in which other materials are being examined.'

Ex:perimerital'

A measure' of the efficiency of any. extinguishing agent is given
by the mini~umrate of application and the ;ainimum ill"ount of agent
required to ,extinguish a fire of a given size. These"were me asur'ed
by applying dry cheraaca'Ie to a fire at various rates of application,
and recording the extinction time for each rate.

The cheraaca.Le used in the tests were "R:mder A", a, commercial dry
cherai.cal. hWing a specific surface of about 1>000 cm2/ gm; "Powder B", '
anoth,er comner-cd.e.L chemical having a spe cific surface of about.. .'
,1:;;C)) cm2/ EP"; "Powder C", sodiwn bicarbonate, not' specifically sold as
an c:::tinguishing agent, but including a f'Low additive; and having 'a
Specific surface .of' about 1250 cm2/gm; and "Powder D", sodium chloride'
with a flow' addd,t~ve having a specific surface of about 2300 cm2/gm,
Thc speoaf'Lc slf~aces of 'che chemicals were measured by the method of '
Lea and Hurse 'U) .. each-vnLue bcing tm me an of from 5-10 determinations.

, '

"1'he chemicals were expelled from a commercial extinguisher at a
maintained pressure of 75 lb/sq.in., by using an external source of
carbon dioxide and a reducing valve, instead of the nonnal carbon dioxide
cartridge. Ten feet of ! in. bore hose connected tim extinguisher \'lith ~
spring-louded shut-off, valve into the end of which was screwed the
discharge bozzle. A flat spray nozzle, shown in tests to be described
eLsewher-e . to bejnost suitable for fires similar to the test fire,' was
used throughout the investigation.

The mass rate of di.acharge nas varied (c.) by using flnt' spray
nozzles of different slit widths, and (b) by incorporating fibre
washers between the ext.Lngui.eher- body and the delivery hose to restrict
the flow of dry chemical.

The test fire consisted of it in. of burning petrol contained in
a tray 3 ft. square and 4 in. deep. A preburn of one minute m'2
allowed in each test, .and the tests were conducted in a large oteel
shed to minimize the effect of' wmd,
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EXperimental procedure

The extinguisher ~as filled ~ith dr'J Chemical, ~eighed together
with the delivery hose and nozzle, and com1ected to the cylinder of
carbon dioxide. Carbon dioxide was admitted to the extinguisher until
th8 operating pressure of 75'lb/sq.in. was reached. The fire was
Er~hted, and at the end 0:::' the preburn period, dry chemical Vias
discha~ged onto the fire, and the extinction time was recorded. The
extLngu.i sher- was then weighed agadn rifter expelling the residual carbon
dioxide, tr, determine the amount of dry chelldcal used.

'Jests we'r-e made at various rates of applica.tion until the "critical
r a.t e" i'oY' each of the four chemicals described above had been established.
"Qcit:lc,,:L r-a.te of application" is here defined as that rate below which
extinction is unlikely. The fire was always of the same ..type and the
s~lle, experienced operator was employed'in every test.

Results and discussion

~'igures 1 and 2 show how the extinction time and the mass of dry
chemical used depend on the mass rate of application of each of the
three grades of sodium bicarbonate. Figure 3 shows extinction time as
a function of rate of application in'terms of surface area of all the
chemicals tested.

It is 'seen that for a given mass rate of application both extinction
time and mass of chemical required increase as specific surface decreases

'that is, with increasing ,particle size. This is particu~arlymarked at
low rates of application. ~'igui'e t shows, further, that the critical mass
rate of application increases with decreasing specific surface. On the
other hand, when rate of application is expressed in ternls of sUrface
area of chemi.cuL, as in Figure 3, all three grades of sodium bicarbonate
approximate more nearly to a single curve, and the limiting factor is the
eurf'ace area of chemical exposed to the fire. '

In considering the possible mechanisn by rlhich dry chemicals
extnnguash flames, the concentration of powder- in the flames is clearly
of importance. There is unlikely to, be a simple relation between the
rate of discharge from the nozzle' and the concentration in the flame,
whi.ch is likely to be affected by many factors, such as the velocity of
the powder, which will be dependent on the mass rate of flow, and the
disp'ilrsion, which may vary with particle size. No attempt was made in
t hese experiments to determine this concentration and for this reason
.it is considered unwise to draw any firm conclusions from the results,
as to the mechanism of extinction. It is interesting to note that
sodium chloride has a similar efficiency to sodium bicarbonate but it
is too, early yet to advance any explanations for this.

Conclusions

It has been shown that the extinction efficiency on flar.mmble
liquid fires of the dry chetri.caLs examined depends to a large extent
on the surface area of the chemical [resented to the flames. To
extinguish a given fire, the higher the specific surface of the
chemical the lower the rate of application, and the smaller the
quantity required. Dry chem.LcaL extinguishing agents should there fore
be ground as finely as possible consistent with maintaining good 1" low

'. characteristics.
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MASS RATES OF APPLICATION.
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