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Table 1

Com;position of· powders -'-, ..

. .. ... - ... -_..........-----...-,----------------,.-----,
Pomier

identification MateriaJ.
~oif'io

surface
"" .~2/gm.

. 3,990A
Sodium" bio8.rbonate with 3 per-oent· ". '.' '.
talc 8J1d 1.5 per oent magnesium
stearate

3,350

1,100

1",370 -,

Potassium sulphate with' 8 per oent .
mica and 0.2 per oent magnesium
stearate

Sodium bicarbonate':with 2 per oent
talo and. 2 to 2.5 per oent propriet
ary high melting point~

'-""

SodiWll bicarbonatewithl,~~per oent
oaloium hydro~SphatJ ". .

B

C

•D

I
~ ~

~l
I

I
I

E

F

G

H

J

Sodium. bicarbonate with 0.2 per
oent magnesium stearate

Cement with 0.2 per oent
magnesium stearate

Cement with 1.5 per oent
magnesium stearate

Sodium borate (Borax) with
0.2 per oent magnesium stearate

Ammonium carbonate with 0.2 per
cent magnesium stearate

1,050

3,730

1,240

....-

J! This is the subject of patent applications.
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THE EFFIDT OF VARIOUS RJ'IIDERED MATERIAIS ON THE STABlLITY

OF PROTEm roAMS

by

D. Hird and D. W. Fittes

Introduction

c-
In view of the increasing interest in foam-eompatible powders, the work was

extended to develop a laboratory test for asseasdng compatibility and t() exmnine
the desi=ble properties of powders to give compatibility with Pt2tein foams. '
The two fire tests which were used in the earlier investigation ~ 2) and ~ch '
are detailed briefly below, were considered to represent adequately; the worst,'
condition likely in the combined operational use of powder and foam. The results
of r:my small scale laboratory tests on powders should be capable 'of correlation
with their performance on the fire tests. To establish this correlation, nine"
different types of powder \1ere subjected to both the fire test and the most
promising of the two laboratory tests investigated. A wider range of powders was
then examined using the laboratory test. Although these investigations are not
complete, it was felt that the results already obtained should be recorded, as
they are likeJ.,y to affect the future development of this type of dry powder,

The use of dry powder extinguishing_agents in conjunctioll witll.mechanicaJ.
foam i~ ~ikely to occur du+ire fire fighting operations against airc:ro.ft crash
fires ~ 1). Previous work ~2), in which tiro sodium bicarboIlElte-bas~dpowders
were investigated, has shown, however, that serious breakdovm of mechanical foam' .
can be caused by some dry chemical extinguishing agents, especially those contain-~-
ing a metallic stearate. '

Correlation of fire tests and laboratory test results ~ Dry powders used.

The performance of nine different types of powder has so far been investigated
on the fire tests and their composition is given in Table 1. Two of th~s~ (A and B)
are standard dry powder extinguishing agents used in the previous work ~2) and two

-e- are proprietary powders stated to be I foam compatible I. The remainder of the ~

powders were ground and mixed in the laboratory.



Fire tests
'" -:.:.~. .:...-.. . "'~" ... ., .. ,

.'

-'

.J

...

The test fire was made in a steel tray 3ft, indiameter,ana.:4: Ln,'. deep; ,
containing a it in. depth of petrol. After ,ignitiop., the ,petrol' was, alloWed
to burn for one minute before the application of powder or foam. , A laboratory
foam generator was used to produce foam of expansion 7 ana critical Shearing
stress 500 d:yne/am2 1:. 10 per cent from a 3 per cellt solution ,of a protein-
based compound. Some tests were, carried out with a more fluid, foam of critical
shearing stress 200 d:yne!cm2 ± 10 per cent. A nozzJ.e, pla.ci~d 8 ft from the centre
of the fire and 4 f,t above the petrol surface, direoted fOam into. the, oentre of
the burning petrol. Complete extinction was not possible by this method of
application since the foam became oontaminated with petrol•.,
, Three radiameters, placed around the fj.!'(l, were used to measure the radiant

intensity. As in the previous experiments l2) the 'oontrol' time was taken as
the time to reduce the intensity of the fire to 15 per oent of its initial'vaJ.ue.

Two fire te9t methods were. used.

Method 1. The effeot ,of the prior applioation of dry ohemical,
on the oritical rate of application of foam

The I oritical' rate of applioation of foam:~ be defined as the rate below
whioh 'oontrol' of a fire is impossible.

Foam was applied to the fire at a steady rate ana the 'oontrol' time measured.
Tests were made at different rates of applioation ana a graph of 'ogntrol' time"
against rate was plotted, the rate asymptote of this OUIVe giving, the 'or:j.tioal'
rate.

Simjlar tests were made in which a known quantity of powder, was spraYed into
the t:IV before the applioation of foam. Where possi'ole the powder was applied
in suoh a way that the fire was reduced but not extinguished. When the applioation
of powder had ceased, the fire was allowed to regain its initial intensity, ana
foam was then applied. '

The 'critical' rates of foam application with four of the powders tested
were determined.

Method 2. The effeot on the stability of a foam layer of the
application of dry chemical to its surface

Foam was applied to the fire at a rate of 0.14 gal/ft%in (7 times the
oritical rate of application). The application of foam was continued after
'oontrol' until a further 1* gal. of foaming liquid had been applied. The time
for the intensity of the residual fire to rise to one-third of the initial intensity
was taken as a measure of the stability of the foam layer.

Tests were then made:in which the residual f.~re was extinguished by a known
quantity of powder to the surface' of the foam. The petrol contained in the foam
was then re-ignited ana the stability of the foam measured•
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The re,l?Ultl? given by thiil_ test we~ consis:tent witl:t those of the fire, __ ''
tl;lsts when sodium ,bicarllonate-1la,sed powders were used. However, poI"Ider (D) .c c. ,-";

which oausedlittle foam breakdown in the fire tests and which oonsisted,ma.inly
of potassi1.1lll sulphate, appeared on ,tJ:tis, test to behave simi.1.arly to sodium',' ;0'" -'. '

bioarbomte' containing the same amount of additive. , It appears that, this test __ ,;,,'
prooedure is sensitive to the metallio stearate content irrespective of the '
ohemiCal composition of the powder whereas iil the fire test the chemiCal'
oomposition of the powder alflO aff~ots foam stability.

(b) N. R. L. Laboratory Test

Details of this test are given iil !!- pap~r by,_Ja.blonsld. 'and G1Pl;l (3) who, ' ,
used it to compare sodium bicarbonate-based powders. A p:relim:inary investigation
using powder D (potassium sulphate-based) and powder C (sodium bicarbonate-based)
showed a reasonable correlation with the fire test results and it was decided -}I.'

to investigate this test in more detail.

The test consists of measuring the rate of drai.iJage from a pan of foam ",' ...::<-
which is :l,rradiated and. onto the ~rfaoe of which 1oto.i gm. of powder have
been appliEld. Jablonsld. and. Gipe made the foam by using an eleotric kitchen
mixer to give a 25 per cent drainage time greater than 25 minutes. To investi- '
gate the suitability of the test for, powders of different ohemical composition
it was felt that a closer control .of foam properties was desirable and. the foam
was therefore made in a laboratory foam generator. In this test foam of
expansion 11 and. with a. oritical shearing stress of 750 ~s/cm2 (25 Per cent
drainage time about 40 minutes) made from a 3 per cent solution of foam
compound was used.' The two fire tes,!=s classif'y the powders in the same order
and since the bum-back test can be !!Jo\l-~ much more quickly ani simply the other
five' powders were tested in this way.

(c) Comparison of fire test and laboratory test results

The results for the nine powders on the ,'burn-back' test and the N. R. L.
laboratory test are given in Table 2. The N~ R. L. test ratio'R' is the ratio
of the rate of drainage of liquidf'rom the foam with powder on :!-tl? surface, to
the rate of drainage in the control tests, with no powder present.

---
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Table 2

Comparison of laboratory and fire test results

.. . Burn back t:iJlle I
Powder MateriaJ. shear stress shear stress N.R.L. test

identification 500 djy'ne:¥,cm2 200'~:¥'cm2 ratio 1/R
R

SOdium iiiciarbonate
with 3 per' cent I

A talc and 1.5 per 2.5 1.9 14-.0 0.071 Icent magnesium
stearate

Sodium bicarbonate . i
with 1 per cerrt I

B 9.4- 6.4- 3.1 0.323 Icalcium h;y'dro:x;y-
phosphate I

I
Sodium bicarllonate I

i
with 2 per cent I

C talo and 2 to 2.5 3.4- 1.9 5.7 0.1751
per cent high melt- I I
ing point Wll.lt. I I

I

I i !Potassium sulphate I i,
I with 8 per cent I I

D mica and 0.2 per 15.0 5.3 1.0 : I

I i1.000 I
cent magnesium istearate : i I

ISodium bica.I'bonil.te
I

,
ii .. I

: .' I
E Iwith 0.2 per cent 3.0 I 1.7 16.0

1
0

•
063

Ii magnesium stearate I

i I , !

I
. Cement with 0.2 I i

F per cent magnesium 11.8 7.9 ; 1.6 10.625
! stearate i i
!

Cement with 1.5 I . j. !I!,
G per cent magnesium 5.2 1.4-I - ,0.714-1

I stearate :
I

,
I

Sodium borate I I
H (borax) with 0.2

5.7 - 23.0
1
0

.04-3 1per cent magnesium
stearate

Ammonium ca.I'bonate
J with 0.2 per oent 9.4- - 5.7 0.175

magnesium stearate

Note: The results given are the means of at least two tests except for !I! which is
the result of a single test.
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Results

(a) Fire test results

- - So far fourpoWa.e;t'sh?.ve b_~enexa.mined on both th~ f~ te~tB (MethOds 1
and 2), and the results are shown in Figures 1 and. 2. Examination ofF:l.g.--2­
shows that amounts of powder greater than.O.1V lb/ft2 (1.25 lb. total) cause
little further reduotion in_ the burn back time and the remainder of the powders
were examined with only this quantity of powder applied.--

A oomparison -of the perl'ozillanoe of the four powders on the tWo_fire-tes-ts
is shown by Table 3 and Figure 3.

TabJ.e 3

Fire test results (Proprietary powders)

I --- -Burnb~k time - min.

Powder Specifio Crlf;. :rate shaar stress shear stres~2
idsntif- Material surface gaJ/ft2/min . 500 d;rnes/om2- 200d;rnes/om
ication om2/ gm. -

lNo ];lDiIder - - 0.02 19.9 11.1
:

Sodium bioar-. - --- ..~-~... _..

bonate with 3
A per oent talc 3,990 0.45 2.5 1.9

and. 1.5 per
oent magnesiUll
stearate .

- . ~--.

Sodium bicar- - -

bonate with 1 "
B per oent 1 0100 0005 9.4- 604caloium o

~:x;vphos-
. -..

phate 0 .

Sodium bioar-
bonate with 2 - - -- -

per oent· talc
and. 2 to 205

C per oent 1",70 0.4-5 3.4 1 09
proprietary . -
high me1tiDg
point wax·

Potassu
sulphate with .

8 per cent
D mica and. 002 3.350 0003 1500 503

per oent
magnesilllll - -
stearate

" --';~

1-.....



There is a 1~eaI" relationship between the reciprocal of the N. R. L•.
o test raUo' and the burn back time in the fire test (Fig. 4). The equation

of the regressdon line for foams.of critical shear of 500 ~s/cm2 is

y =12.2x + 3.~

'l'lhere y = burn back. time in minutes

x = 1/R

.•••••••( 1)

Discussion

R = Ratio: rate of drainage with powder inmJ/min
control rate of drainage in IIl:I/iin

. I- ' ....

•

j
-~

. ,

Although there is a considerable scatter of the points in Fig. 4, the
test gives a good indication of the degree of compatibility of powders with
foam.

Foams of low critical shear stress give lower burn-back times than c:::::::>
those of higher critical shear stress, as would be expected. The ratio of
'burn-back' time to 'burn-back' time in the control tests for the foams of
high and low critical shear stress are, however, reasonably consistent, .

The test results suggest that the degree of foam breakdown due to the
metallic stearate additive is dependent on the 'blise powder to which it is
added. Materials such as cement ammonium carlJonate and potas",ium sulphate
(F. J. and D) containing about 0.2 per cent magnesium stearate cause
considerably less severe breakdown than. sodium bicarbonate and sodium
borate (E and H) containing the same amount of additive,

Jablonski and G-ipe in their investigations found that foam made from
one type of foam compound was destrOyed much more rapidly by sodium .
bicarbonate than other types tested. Measurements were made of :the pH
of solution draimd from the foam and they ,coIlCluded that this foam
compound was particularly sensitive to variations in pH • In view of
this, pH measurements were' taken of the liquid drained in the tests with
the nine powders investigated. G-enerally, the liquid collected during
tests in which a high rate of drainage occurred, had a high pH wJ.ue. A
probable explanation of this is that powders which cause only slight
breakdown are supported on the surface of the foam for the duration of the
test SO that they do not come into contact with much of the liquid in the
foam.

It is known that the stability of protein foams. is affected by
variations of pH but their stability is also affected by some metallic
salts which may themselves produce pH changes. This point is illustrated
by further tests 'l'lhich are described in the next section,

Further laboratory tests

(a) Effect of salt solutions on stability of foam
..

When the powp.er is in contact with the liquid in the foam, saturated
solutions of the !"alts are like1¥ to occur 10cal1¥ and to give some ,
indication of the effects of these saturated solutions on the stability
of different types ,of protein foam compound, the following procedure was
used. Foam was made by an electric kitchen'mixer from a foam solution
made up with either distilled water or near-saturated solutions of the
following salts - '

Sodium bicarbonate
Potassium sulphate
Sodium chloride.

-7~
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The foam oompound. concentiratdon SJld mixing time were adjusted with each compound
so that when the flolution was_made with distilled water, foam of expansion
between 10 and 11.5 and critical shearing stress of about 750 dynes/cm2 was
obtained. The same c0Ill(entration and mixing times were' then used foz: the
foaming solutions made with the near-saturated salt solutions and t4e critical
shearing stress of the foam measured. It has been shotm that the critical
shearing stress is a good measure of foam stability (4:). The results of
these tests are shown in Table 4.

Sodium bicarbonate causes a consiaerahle reduction in the stability of the
foam produced, potassium sulphate inerea:se's the stability with all' but one of
the coapounda and when the foam is made with a saturated solution of sodium '
chloride, the critical shear stress is increased by a factor between 2 and 3.
This suggests that if the base salt of a dJ:ypowder plays an important role in
compatibility, sodium chloride would be a promising powder to investigate.

The marked difference in the effect on the stability with different types
of foam compound, suggests that tests on both the laboratory and fire test
should be made with a number of different compounds. I

(b) further tests on N. R. L. Laboratory test

Five powders containing Varying amounts of, magne~iUlll stearate, were ~d
in the laboratory. Sodium chlOride was chosen as one of these poWders as, the
previous tests had indicated that it might fom a suitable base for a compat-:­
i,ble pClVl9-er and it i~ t<nown to be as 'effective as sodium bicarbonate as an
extingu:j.<Wing agent ~5). Potassium bicaI'bonatewas..also included as a recent
report l&) has suggested that it has considerable advantages as an extinguishing
agent'. The results of these' tests are g'iven in; Table 5 ~

Table 5

The effect of magnesium stearate additive on the N.R.L. test ratio

Specific N. R. L. test ratio 'R'
Material surface I Quantity' of magnesium stearate

cm2/ gm. -, - - '.

None 0.2 per cent 1.5 per cent

Sodiuill ,bicarl>onate ; 1;05?..o ' '204' "
. ';16~O,:, : 14.0'--":' . . . .. .

Sodium carbonate 1,100 6.0 23.4 -
Sodium chloride 1,870 1.0 0.8]£ 1.~

Potassium bica.rb-
2,650onate 8.5 29.4 -

Potassium sulphate 546 1.3 1.5 6.8

!I'These tests were made with,ioam(pfOdticed in an electric ldtchen mixer as
proposed by Jablonsld and Gipe' J).

-8-
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The"orlterion suggested (3) for the acceptance of a powder as oompatible with
foam is that the rate of drai~e with powder present should not be more than
twioe that of the' control test l R'~ 2). This 'is approximately equivalent to
the povtder causing an increase in the oritical rate of application from 0.02
gal/rt2/min to 0.04 gal/ft2/min on the fire test (Method 1) or reduoing 1;he
burn-back time (Method 2) from about 20 minutes to 10 minutes. It would oertainly
seem that porn'lem causing any degree of foam breakdown greater than this should not
be acoepted:

On this oriterion only potassium sulphate and sodium ohloride of the saJ.ts
listed in Table 5 would be acceptable, and it appears that as muoh as it per oent
of magnesium stearate can be included with sodium chloride without appreciably
affeoting its 'compatibility. This is a rather surprising result" considering
the knovm foam-breaking properties of the metallic stearabea, and it is proposed
to investigate this on the fire test.

It is interesting to note that a considerable reduotion in the amount of
magnesium stearate in the commonly used sodium bicarbonate powder does not appear
to render it more foam compatible.

The results of the tests wj.tl;t potassium bicarbonate are at vardance with those
reported by Jablonski and Gipe U). It was thought that these might be due to the
different methods of foam production used and tests were made in which foam of
similar physical properties was produced by both'the laboratory foam generator and
the kitchen mixer. The results are given below -

N. R. L. test ratio R

Powder foam from foam from Remarks
generator kitchen mixer

Potassium bicarbonate
(no additive) 8.5 12.4- . Means significant1;y'

different.

Sodium bicarbonate
(no additive) 2.4- 2.7 Means not sign:if'1o.,.

antly different.

-
These results suggest that it is on1;y' at the higher rates of drainage 1;hat there,
is a significant difference between the two methods of foam production and in the
important region of values of 'R' of 2 either method of foam production can be used.

Conclusions

1. The results of the N. R. L. test have been shown to correlate with fire test
results for nine powders of different composition.

2. Reducing the quantity of magnesium stearate additive in sodium bioarbonate to
0.2 per oent does not render it more compatible with foam.

3. Both potassium sulphate and sodium chloride appear to be good bases for
compatible powders. Up to 0.2 per cent of magnesium stearate can be added to
potassium sulphate and probably oonsiderably more to sodium chloride to
improve flow and storage properties without sacrifioing compatibility.
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TabJ.e 4

, .,

Effeot of sal.t soJ.utions on foam stabiJ.ity

..

Critical. shear stress - dyne/cm2

I Sodium bicarbonate
x ft.

Compound Type of foam compound Distilled PotassiUlll sul.phate Sodium chl.oride
No. water soJ.ution soJ.ution soJ.ution

soJ.ution (near saturated) (near saturated) (near saturated)

1 HydroJ.ised keratin. stabilised with
ferrous suJ.phate 750 140 840 1.950

2 SoJ.ubiJ.ised protein, stabUised with
.

zinc and iron sal.ts 750 90 960 1.920

3 A compound from which, the stabilising
"G460sal.ts have been removed 250 640 1,490

4 H;ydroJ.ised protein, stabilised with
with ferrous and aJ.uminium sul.phates 750 160 640 2.020

5 HydroJ.ised.bJ.ocd,. Rtabilised.with.
ferrous ss.J.ts' . .. . 750 300 850 1.850

,

6 American Oompound 'A I 750 340 , 1,070 1,310
.

7 American Compound 'B • 750 460 1,170 1,780

of distiJ.J.ed water at approximateJ.y 20<>0.
" n n n " n

+ 8 gm , of Sodium bicarbonate per 100 mJ..
:it 9.2 ga; of Potassium suJ.phate n n

lE 33.3 ga; of Sodium chJ.oride n n n n n n n n

.® It was not possibJ.e to obtain foam nth a higher criticaJ. shea.rilll stress than 460 dynel¥"cm2
when the soJ.ution was made with distiJ.J.ed water.
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