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Chemicals

Dry Chemical Extinguishing Powders — A Revie}v

by
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N'I‘RUDUCTION ]
Water and sand have been lhe most common cxlln-
guishants used for combating solld fuel fires. Water
*  wels the surface, brings down the lcmpelature and is
i " more effective when its drop slze is controlled w;th

uniforinity of spreading.

TI:-'rcIore. quantity of water is not 50 hnpmtant
0 Sand on the other hand cuts the supply of air from the
"‘ material under fire so in this case quantity, as ‘well a3 .
('s, coverage both are important. Sand or clay is still used in

are no means Ior its proper use. But both the ex-
tinguishants have their limitations; they cannot be used
to extinguish liquid fuel fires becaise they are heavier
than the commen liguid focls, that is why ch emicsl ex-
tinguishing pm\dcrs based on sodium bicarbonate ete. be-
came popular in the carly twenties. At that lime dry -
chemical extinguishants were used manually either by
throwing or sprinkling them on fire, About 64 years ago,

a gas pressurised unit was developed in Germany which .

1 could expel the dry chemical at a higher velocity, The
chemical used in this was sotlium blcwrbonate, containing

RS 15 percent borax. Much interest was aroused after this
i and dry chemical powders are being widely used since

! 1945 with modifications/development both in dry powders

‘and equipment used for their application. The important >

factors which are involved in modification of dry powder
ex!inguishers/appliances are nozzle delivery, expellent
gas, the size and number of containers and operations

- .(manual control or remote control), while for dry cheini-': -
“cal pnwder extinguishants the variables, which have been -

studjed by, dlirerent workers developing eflicient powders
a) dlﬂerenl chemlcals—mdlvidual as well a3 their
rei (b} particle size (c) flow and anq-caklng pro-
pertlaa and"(d): compatibility of dry chemical powders
‘with "proteln. foam. This paper reviews ' thel ‘work dote
; g diﬁigmt aul.hors in this fleld for the abo’velvanables

for’ ext!nguishlng ml ﬁres 'l‘hey t-.orked on a large ntim.
her of “water "soluble salts by the applicatlon of salt
solutions for’ extlnguishing gasoline fire and thus deter-:
mlned the effective” ‘concentration of each solution... '~

hig

L 0% However, most of, the workers carried out sludies lo

In 'gag- -ale’ mixture eithér for reducing exp]oslon hazards
foor for flame siippresclon. The first detailed study of ﬂais
phenomenon ‘was made by Jorissen?! in 1933, who found
that ‘at a’certain dust concentratlon, the mixture ot
methane .and . alr was mo longer explosive -In 1934

Calnins J.\-.n-tr-m-\ .;..\ s \7.;' T, .- .3 .‘- R r..-.» - .l- a\
> :

et 2 Al 2 AiaEh i L) . ¥ % .“

Dljksman‘ oxlended {he work of Jorissen .and. ohserved

the arcas where_water, is not réadily available or there

. determne :the ’ “eftectivencss of dry ‘powdeis dlspersing’
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*that KCl, NaCl and NaHCO, were . good exllngmelmms
of methanealr explosions. Later,  Jorlssen using Dijks-
' man’s method and working near the lower flammability
limits, found the ecffectiveness of alkali halides. Du-
“fralsse! -In 1938 Investigated the “effect ‘of various dry
‘chemicals on town gas; methane'and 'carbon monoxide
flames. He found that potasslum bicarbonate was more ’
effectlve. than sodlum blcarbonate. He showed that even
* oxidizing agents, such as potassium nitrate were capable
of extinguishing flames. Further in 1953 Dufraisse® dis-
covered that the most efficlent e-ct[ngulshlng hgenl \wag
potassium oxalate, whose ecMclency could further be
increased by 2dding materials like silica. He also showed
that mixtures of potassium oxalate {30 per cent) and
sodium bicarbonate (70 per cent). were moie cllective
than the individual compounds, This was alse confirmed
by Laffitte and eo-workers®, Dolan and Dempster’ in 1955
tried about 47 compounds_to see their quenching capa-
bility for methane-air Ignitions. They concluded that with
lsolated exceptions, the alkall salts, particularly the
alkall halides are the most effective group of compounds,
The work of other researchers Is'shown in Table 1.
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- TADNLE 1
Showing use of different Chcm‘lcats by different workers.
Sh. Year RcscnrchﬁWorkcr Basic :I;cmiculs used ___— Remarks
No.
R .0 ? Eadandell A R e
Jo- 1961 Karl Schwalb, Wolfgang Sodium and potassium bicarbonates particle
Land Graf, Arthur B. Guise . size 0.01 -— 1 mm, with 1)3 < 0.04 mm:
"2 - 1961 Waller Brell - . 7. Sodium sulphate, Ammonium sulphate »
3. 1962 Karl Schwalb 40-80% mixture of NH,C1, Ammonium
sulphaté or phosphate and Urea : 20-60%
Dicyanamide or their phosphate,
4 1963 Solway & Co. Na & K bicarbonates .
5, 1963 Edward G. Crooke & Leslie Pot, sulphale and ammonium sulphate .
Phoenix ) S Ay . ;
6. 1964 Yoltrad Stepp Monoammonium hydrogen phosphate, Am-
1 monium sulphate, Barlum sulphate ) . |
1966  Hans M. Schreiber Ammonium phosphates or sulphate | " Suitable for Class *A* fires
1966 Zbigniew, J, Lobos Ammonium phosphates ) 5
1966 Denno Goldberg Ammonium phosphate & Ammonium sul-
rhate, Sodium blearbopats 2897 should ke of
0.05 mm, size
10, 1966 Arnold Gordy & Erich Ruchl Sodium bicarbonate, Potassium bicarbonate
: and Ammonium sulphate ~
11. 1966 Herman Dessart Salvay & Lie Sodium bicarbonate, Potassium bicarbonate
, 10 p particle size * h
12 1966 Patent (1CI Ltd,) Molten Urea, Potassium, Sodium and Am- The process occurted at 5 atm and
; y - monium bicarbonates 130° - 150°C. This solid product
can also be used as coaling mate-
; rial against firc on high temp.
13, 1966  Hans M. Schiciber Ammonium sulphate, Di-ammonjum hydro- Can be used against any kind of
gen phosphate or Mono-ammonjum hydro- fire.
gen phosphate
14, 1967 French Patent . Diammonium hydrogen phosphate (92.5— The product was claimed to be
' . 97.527) particle size 10-20p : superior to powders during humi-
5 o B st 7 dity storage and flowing. @ °° .
15, ..1969  Erler & Gerber . Calcium lignin sulphonate ~ i . .Good water repellent properties: -,
: Brey ¥ Tk e e = w U I forms a crust thus preventing |
sy Y i J ke e . Fesignitfon, : - .
16, 1970 . Cottrel Arpold G, . Urea and Sodium Potassiuni Yicarbonate . Called Monex B

»f.':sf,‘_ At
‘M;al'_k Wﬂuﬂf e

. Wilkingsed] : .

Gl

*} .sesquicarbonate and vapour * * .- )
.. Monex — Sodium bicarbonaté Lot
A B{O,ncxrﬁ—y Ammonium Phés?_h&‘.—‘% : .
",Mon‘-exy'—."—_AmmohiUni én_;rphau‘-\‘ i %
. Ammonfum phosphats & Ammoniuim sulphate

‘.

2 Smtab}e for flammable liquid

e

“Sultable for Class *A” fices, .,

s ARer 12 min. of pre-burning : :

118

2 P 25-40% 20 55-85% 60 ., , ' period of wood the fire was com- :
o L e Lt St w0 pletely extinguished without any
! Y ! 3 " residual glow spots, using an -
: ] S X, amount of cxtinguishing powder i
4 ; i 2 ¢ - lessby 1.2 Kg. than the agent.of i
o ¥ 5 : T RN : iR s DIN formulation, ok i
19, 1974 Hattori Yasuzo, t Sodium bicarbonate, burned alum, ammo- . The _powder should be applied i
: o E St St Y\ nfum carbonate, Sodium & Calcium chioride, . through bursting devich. LAl i
B 1 h i Sodium carbonate and Water glass R Y] i R
20, 1974 . Cotirel Arnold G, .* . Polasslum bicarbonate & Urea (size 0.1— - {
£y &4 5 o - 100 u) H " S * 3 . - ':_.‘ ‘
1L e J ;
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TABLE 1—Contd.

'~.hunlng use of dlﬂ'mnl (‘hcmhnh hy dlrfc:onl workers,

sl ¥ Research Worker Basic chcmlca!s used Remarks
No.
- Ll loaa v e - MPRING NURY )
“i 2 3 4 5 ;
21, 1976  Kretzschmar, Axcl Rlchd ' Alkall melﬂ salts & Urea - :. .
Heinz i : i
22, 1977  Nakayama Isoc., _ Alkati metal bicarbonate, Dasic phosph es Applied In  liquid form by re-
fi Tanaka Chiharu - & Alkall metal halide, - acting with H4,PO, (1.3 lit. of
’ © 72 litres solution prepared by dissolving 600 ' aq. 85% H,POY
g é * gms. Alkali bicarbonate 425 gms, Diammo-
-‘ I nium hydrogen phosphate. v
wily : 23, 1977  Kcnnington Rowland, - Bicarbonate & Urea Reaction in a fluidised bed fur-
( : Wolf House Andrew - (in molar ratio 1 : 0.5 to 2) nace at 100 — 170°C in presence
VT (R 1 : { of waler vapour.
} 24, 1978 Moro Kaoru Potassium bicarbonate
25. 1978 Talintion, lonel Proca Potassium bicarbonate & Urea KHCO; & Urea were ground
Teodor, Amuliv with 40% K,0 & Na,SiFg as
catalyst at 50°C for a certain
period in which it attains  other
_ physical properties.
26, 1978 Demzen, Zollan Ponubsrky.' Alkali carbonate & Alkaline earth carbonates
Ivan Szckely, Gyorzy
| Czotter, Otterkar ’
( .
L}
TABLE 2 TABLE 3

Effect of particle size In quantity of dry chemknl \

" Effect of surface area on suppression and guenching polnt.

PARTICLE SlZB
The most lmportant

.

ot Quannly required to extmsutsh a CHer Sp.surface~  Avg. dia. of particles - -~ Supp. . Quenching
Shh TR : cm?g - - > (n) point point
: st : AL emYml  cm®/ml
el usoo 24 i e 0.76°  0.53
4600 5.9 b Sodium bicarbonate  0.74  0.82
3200 8.8 ) ey g 50 . 051 - s
800 : Pctasuumﬂuondw 008, 0281
- 900 -, Potassium fodida 0.4 . 0.5 -
1 2200 . Sodiuri alurnioium flucride _0.40 - 0.61
5700 - Potassium chloride 0 ' 0.40 0.64
8000  Sodium silicon fluoride =~ , 0.47 0.68 °
6500  Sodium chloride 0.57 1.84
i N : 7 i

paramelér of any powder be-

gides jts chemical composition s fineness, which is
deﬁned by its speclﬁc nudace (cm’lg) Not only is the
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patlicie size/fincness of the powder important but the
way in which these are distributed is also very important
because this decides its flow and settling behaviour. -
In 1934, Dijksman’ was able to cstablish hf approxl.
mately lincar relatlonshlp bLelween speelfie surface and
extinguishing cfliclency of a dry powder, Laﬂ‘:lte and

iy 00!5

4000 ¢

0-020 2000

(T 14 i
2000

0-010

1600

0-005

EXTINGUISHING CONCENTRATION OF. POWODERes/cm
SURFACE AREA OF/POWDER REQUIRED FOR EXTENSION (Cm?)

0 50 100 150 200 250

PARTICLE SIZE (micron)
Fig. 3: Varlation with particle size In the surface area

4 28 - 100 150 ot powder required to extinguish town's gas diffuslon
PARTICLE SIZE = microns flame. -
Flg. 2: Effect of particle slze on the exllngulshlng con P. F, Thorne“ in 1968 de\eloped an HPP?-“:USE to
centration of varlous powders determine and compare the extinguishing conceniration
Fx 1. Potassium Sulphat 8 .. .3t of chemical powders in relation to their particle size
: e otasslum ulp fde ; S R 1% using propane gas-air diffusion flames in his experiments.
E ‘ g : g:dmmur;u:::;:r AT R e R The flow rate, for extinction of different powders was __
‘- 94 R BIR atr ¢; it gave a straight line,* |
4. Sodinm Bicaronaie . " A plotted agalust .the gag_ flow rat B gl : |
5. Potasslum Blearbonate . o L R BT R R T T
¥ 6. Mono’ Ammonium Phosphate i i 2 iy : i :
7. Di Ammonium Phosphate "; # iyl ; met of parﬂclestne on the surfacé area of different chemicals
co-workers‘ trled different dry chern]cal P°Wde'5 ‘of 25“. TR Surf'apf m of onglnal solid requlred for exllnctwn

50;.,, ?5p,-and 100u In: deﬂagratlon cgmbustlon studies, _Parti&h;.;
They found that c[ﬁdency ‘of the.se “powders ircreased ¥ aize o
‘as particle ‘slze’ was reduced “eéxcept for sedium and’:

‘potassium oxalales mixed with’ aIumlna and silica. The’
- oxalatds even of 100u particle “sizé were more emc:eut

cm‘!{g :-r,‘.l'f '-. '. -j

K ,Fe(cm. .Na,‘Fc(CN).
- s3H0 0 0H,0 -

o than other saits of 254 particle- size. .0, ‘ : fg: 12462\' . :
sy . Dolan and Démpster’ in 1955 also found. slrmlar T g9 554 > 3000
! % relahonshlp between surface area and er[ecllvencss of - 90 12 < 495
cheinlcal powders ‘in’ extlngulshlng fires. Tn ‘fact it was A TEC 00Ty v 46 U .t 350 2
S the first attéinpt to report the’ importance of surface . .33« . - i3 v ARG AR VT gy
.- = . area rathér-than weight of the extingulshing media fdr * a i O T G SRR - TR A TS
© "7, suppression.and quenching points, . Table-- 8 gives - g9 £ 2 |
.7 the data for giﬂ'erent compuunds whlle F[g 1 1llu5tratcs q2 -~ ¥ -
- for sodium blcarbonate only ShElanaH W Ry 9 ; Bl 1078 i
. St e _‘. S REE
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Author

biN
No.

i

r L

: 1. Karl Schwalb, Wollgang
| ' Landgrof, Arthur B Gouise

2,  Walter Brcll_:_

3. Karl Schwalb
* ; 4. Solway & Co.
4 5. Voltrad Stepp
10 { 4 6. Voltrad Stepp
3 i 7. Zbignicw J. Lobos
v
v,k ( 8. Patent
9. Hans M. Schreiber
+10.  Zbignicw J. Lobos
11.  Arnold Gordy & Herman
12.  Dessart Salvay & Lic .
13.  Patent
14, Palent
15.  Mark, Waller, Doerler,
Arthur
% 16.  Birchall, James, Phillips,
D. Arthur
X S 17. .Clements, Henry G,

18. Coltrell, Amnold, G.
[ Paton,Joha M., . -

19, Moro Kioru" .
20.. Balintion tonel, Proca *,

1 Ivan; Szekely, Gyorzy

BRSO

; 21, Demzen, Zolian; Ponub;zkjf.

sutis e

Flonlng and antienking wyents used by

s Graphite, (Na;SiFy “sctiveq.
£ Teidor, Amutiy -4+ SRR (IaSTY acthaed

TOATE &

Iowing Agauy

Al30y, 5103 Attopulgus sty bentonite, Fuller's

carth Hallaysite, MSC05-C.'1C03.
Coprer sulphale, Silver titiate,
and potassium oxalate,

Calcipm carbonale and Yagnesium carbonate

Tale, Hydroxy apatite, Siinar
Si0y
SiQy (fine)

Magnesite — 15%
5i0,  — 0.4%

Si0,. Alkali carbonate & Hica

Cresol formaldehyde reslyand Asbeslos powder

. used as filler
" 8i0, (0.3%)
Size 45 microns

MgCO,, ketone aldehyde¢ “sin, CaC0,

" Talz (size 1 pt ) Silica fine ¥, 05 I'e

_Cresol-fbrnm’ldchydc resle g ye
Si0,
Flowing agents

Graphite, S5i0y

Perlite .
Sand

1,

Kaolin, Sipg

. Bl

Mangaonese sulphate

different workers, i \
Antlcaking & water
repellent agenty

: Salts of fatty acids 6 to 10
: Carbon atoms amount 0.2 _ 2%)
* Metal stearates

o bt 2

Mélal_stcafa!cs
Silicon oil 0.05%)

i

Dialkylpolysiloxane !
Me,SiC1,” i

{  Dimethyl ¢thoxysilane 0.6% i
|

\ Df;ﬂky[' pol_.-,'siro.\nnc &
Alkylarylpolysiloxane
Mg stearate

Org. acids, Glycerine (polymeri-
zing  agents) Dinothyl
silane

dicthyl-
I\ic;ai stcarale
Silicon il (0.5—29%) :
A .Mg stearate ‘ i
" Siticon oil
. Sulphur & Silicon oil

Polysiloxane

‘Hg(SCN),, Methy! ethyl Cellulose
" Hydrophobic agent

'_'._I-lyc_imp.hgty'cailgén.l_ wielains,

o

o slum ‘chloride,:

18lze range potassium

Yoo ' A _bicz}rbonate_."*
B %

-

E e R e B BT

the slope of :iwhich’ was ._dgs!cribgd“_ a8 extinguishiag ' com.
centration of powder, He studled different dry chemicads
<of particle sizes ©0£.45-68  microns; 7590 microns; 1054331 o
microns; It was observed (Fig. %) that the efSciency of . SREUO]

* Sodlum _pnd. potassium bicatbonates were found mace gas-alr. flame;
_efficlent than sodlum borate, potasslum- sulphate, ‘potws
mono_and: diammonium phosphates prex
; .-'_!‘the amajor ; particle size: range. .In the “coarser "part R A
) bicarbonate 15 more . eMective Ahom 100 OCCH
- othet chemicals while for barticle size below 70y ammp. 3 flame.

nium Phosphates were found niore efMclent than potassiung

tion, The

size, bélow ﬁyhflc}_l"de@brx;uiéisf.t}éh';_b_’éc‘:gt;‘iﬁ"ggl _before’ the -
- fame front ys keaghed and abigve Which Jifte tecompos:

effect oni’ Surfice afea of powders

T} S VTN DT BBl s e DR e

alliv uséq niother. apparatus to determine ¢

heinldal’ powderd for flamg o\ }o:

0 Suggested A, tiumber of mechanlsmsg of gy
He [nfected. various powders into town -

b was riotited:that there was an opfirum |

TR, Wit AR Jsidengd Hime of, particles, In
He' also " tried different, chemicals to see the ..
‘Teqiiired for' extirie. T

results aré sHown In Fig: 3 and Table 4, ~ ~
CORES: % 121 "%
gy
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PACKED DENSITY

100 125

NUMBER 0F 1APS
Fig.: & Varlatlon of Packed denslty wit tamplng.

Results show that high efliciencies of alkall are considered unsatistactory. For both treated and un-
metal salts are due to their ready decomposition fn & treated powders the crushing strength is found to be the
flame with the generatlon of submicron particles. W. W,  some. Addition of a smal] bercentage of stearate or other
Harpur? in 1970 also clalmed decrepltation of monex in  similar long chain fatty acids glves a marked Increase
a similar manner to potasstum oxalate jn 5 flame, In the bulk density.  Addition of 0.1 per cent stearate

exerts considerable effcct on the proofing of sodium bicar-
CAKING AND FLOW PROPERTIES bonate powder. Different workers have used different

The next important properties of a chemical powder flowing, antl-caking and water repellent agents as showa
which determine ijts effectiveness against fire are free in Table s,

be tested just after its manufacture but also after jtg Wesson® studied the effect of particle size on the
storage for certain perieds. It has been cstablished by fou characteristics of dry chemicals. He showed that
different workerq that high efficiency of different chemi. & coarse powder (say 50 per cent through 325 mesh)
cal powders is achleved by reducing their slzes, but “ecauses excessive surging in hoge line application giving
reduction of sizes Increases caking of powder and it be. relatively low rate and requires more total gas quanti-
comes Increasingly difficult for particles “to " penetrato tles,. resulting in a relatively Inefficient unit clearent
through the flanie. The poiwder should also be free from .capacity. A fine powder say, 90 per cent through a 325

" the formation of lumps or ‘cakes dye to the absorption . mesh gives similar results but not to the same degres

of moisture by dry powder. In an extinguisher, the Prac- i a

v 8: coarse powder. :
tical way, - of asseasln_g storage performance of & drys- vy ¢ ¥ : it
powder is to discharge the powder and to measdre both DISCUSSION AND CONCLUSION -

the rate of expulslon-"ﬂnd the. weight of the . residue i 7 A]t_holigh_ dry cheniical powders are being' used for

L. *
5 SR

.. femaining in -the body of the extinguisher.: However,” " ihe fagt 50 years, experiments carrled out formerly by
;. .according to' R.'M. .F.'?!f‘_*_’ﬂiﬂ".‘._{! tonlinuous: value Over: ' different workers were almed at ascertaining the effect
~. the.whole perlod of discharge 53 & méasure ;of e char > op ‘whiveeon Suppression -of “gagalr or “dust-air ‘ignitions
. acteristics of the dry powder js more important. Fig, 4. and’ explosion besldeg- extinguishing fires, These effects -

shows some typlcal Tesults  obtalned for _commerclal  Gery studied by éither dispersing them [n {he finely
powders, Under similar conditlons powder A 15 more . divided state with ‘combustible gases pr dust-alr mixture
easily dlspersed‘ than ‘powder ‘B. It has been Suggested %, of applying them directly on fires. From this work is

ing the force necessary to crush the pellet. The crushing : /
force for an ideal pellet has been arbitarily fixed at (1) They are Benerally salts of alkali metals or of
nls. ;

400 gm/cm?, Powders requiring higher crushing s'trer_l‘gth. ammo

122
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SHARMA ET AL :

(2) The citectiveness of the metal cntlon Inerenses
with molecular welght, Thus poltassinm salts ave
more clicctive than sodium salls,

(3) The most cffective anions are ol two types; (a)
the halides, (b) the bicarbonates which after
decomposilion glve carbonale.

(4) The chemical bonding is ionic.

(5) They are salts having a low melling point or
Qccompoellion temperature,

(6) They decompose readily in flames uioducmg new
surfaces.

Thus Dolan and Dempster’ found that generally
alkall halides are the most ellective group of extinguish-
ing agents for methane-air ignitions. The potassium salls
are, in general, more efleclive than the sodium salts,
the fluoride more effective than jodide which in turn
{s more eflective than chloride and finally the halides
are more effective than bicarbonates. However, according
to Willbourn and Hinshelwood, iodides are more efec-
tive than fluorides, bromides, chlorides or sulphates.
Hydrated salts have been proved ineflective except cohalt
chloride hexahydrate and barium hydroxide octahydrate.
J. D. Birchall also found (using diffusion flame experi-
ments) that hydrated salts are less ciTective than corres-
ponding anhydrous salts. Ilowever, Fricdrich found con-

tradictory results. He obgerved that hydroted materists.

were less reduced in size compared to anhydrous mate-
rlal and a proportion of it passed through flame un
changed. It was Interesting to find synergistic reaction
of two compounds where the mixture of the two s
found to be more effective than {he individual com-
pounds.

Further the efficiency of a dry chemical powder
increases with the size reduction. However, there is an
oplimum and practical limit below which decomposition
of the powﬁer occurs before it reaches flame front and
above which little decomposition occurs within the resi-
dence time of particles in a flame. Proportion of different
particle size fractions is also very imporlant to improve
its flow and caking properties. The effect of particle size
is so important that below 70« both mono and diammeo-
nlum phosphates are found to be befter than potassium
bicarbonate. The importance of surface area has also been
accepted by ‘all workers, specially in cases where de
composition of particle takes place, The behaviour of
such different powders can generally be described by
_the reactlon' %

SolldA--)- SolidB-l-Gas

“For both’ sodlum anﬂ potasslum hlcarbonale little
change in particle size is observed after passage through
the flame although the normal translucent crystal be-
.coraes opaque and their surfaces are converted to normal

. carbonate. However in the case of oxalates, ferrocyanides
- and ‘sodlum pitroprusside the efflux from the flame is

' finely particulate smoke, where many particles are less
than 1x in diameter. In case of monex (which Is a re:

.- actlon product of alkali bicarbonate and urea) the efflux
from the flime I8 of 0.0l to 0.1u particle size. .

i

DRY CHEMICAL EXTINGUISHING POWDERS

The rvesults of dHTerent worlers are not comparable
as some have used premised flames while olhers haye
usced dittusion Hames, the Jaller representing gemarally
the actual fire conditions, Except one or two cases
where air is either steaming through combustible mate-
riel or I air/oxygen Is Inherent In combustible material
represent premixed flames.  Further, the apparatuses
used for finding cfMectivencss of dry powders are also
differenl, In some cases the flame points upwards while
in others it is In a downward direction. The comparison
of the efliciencies of different chemicals which have been
found by these apparatuses have not been correlated with
actual fire tests, However the earlier studies are very
useful as the powders which have been developed recently
and which are being dev cloped are primarily based on
decomposition of the powders particle in a fame to
give very minute particles.
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