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This invention relates to self-propelling liquid
compositions, and particularly to compositions of
such character which are adapted for use as fire
extinguishants having exceptionally desirable
properties for use at varying ambient tempera-
tures.

It has been proposed to use propellants for
fire extinguishants which are low in toxicity, are
stable during storage and provide adequate pres-
-Bure for discharge at temperatures near room
temperature. However, such propellants are not
‘operative at low temperatures because they do
not provide sufficient pressures at such tem-
beratures. By “low temperatures,” as employed
herein, I means temperatures equal to or below
cold winter temperatures in the temperate zone,
including, particularly, arctic temperatures and
the low temperatures encountered at high alti-
tudes by airplanes. A propellant, which is suit-
able for use at such low temperatures, must also
be suitable for operation at high temperatures,
such as the highest summer temperatures and
the temperatures encountered in the desert and
in the tropics, since the same extinguisher may
be required to operate at both the low tempera-
tures and the high temperatures as, for example,
when employed in an airplane or the like.

- Some fire extinguishants function mainly by
_Smothering the flame, while others tend to sup-
press combustion even though oxygen is present.
The latter type is the more effective, and prob-
ably functions by quenching free radical activity
which is believed to be necessary for maintaining
combustion even in the presence of oxygen. The
bromo-fluoro alkanes; such as CBrF;, CBrzFz and
CF2BrCF:Br, are examples of such latter type.
If the propellant is of the former type, as is com-
monly the case, it should not be employed in
such large proportions as to excessively dilute the
more effective extinguishant.

A fire extinguishant composition, in order to
be satisfactory for use under the varying tem-
perature conditions hereinbefore referred to,
must meet all of the following requirements:

1. Be low in toxicity; o :

2. Have high stability;- S

3. The propellant must provide adequate pres-
sure at low temperatures, preferably at least 100
Dpounds’ per square inch gauge at —65° ¥, with-
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: 2
out excessive dilution of the more effective pro-
pelled extinguishant;

4. Develop only moderate pressures at hizh
temperatures; '

5. The pressure must be well maintained dur-
ing the entire discharge, i. e., until the last of
the liguid has been expelled from the extinguish-
er; and

6. The propellant must be sufficient in volume
so that a brief accidental discharge of gas phase,
while the extinguishier is inverted, will not lead
to an excessive loss of pressure. .

Ofthand, nitrogen would appear to be the ob-

vious propellant for use at low temperatures, as
it meets requirements 1 to 4 and also has the
advantage of being low in cost. However, nitro-
gen does not meet requirements 5 and 6. This
is because of the low solubility of nitrogen in the
highly effective extinguishants which are suitable
for use at low temperatures. Thus, there is little
nitrogen present and, when a part of the nitrogen
is expelled or lost, the pressure in the extinguish-
er drops rapidly. This latter result can be off-
set fo some extent through the use of larger
amounts of nitrogen, by employing higher pres-
sures at the low temperatures or by employing
a large gas space equivalent to an auxiliary tank
above the liquid extinguishant, but these expedi-
ents are objectionable because the pressures be-
come excessive at high temperatures and, in the
case of a large gas space, requires large and bulky
eguipment.
"~ It is an object of the present invention to pro-
vide new self-propelling liquid compositions hav-
ing unusual properties. Another object is to pro-
vide a new self-propelling liquid composition
which is particularly adapted for use as a fire
extinguishant composition and which is operable
and useful over a wide range of temperatures,
and especially at low temperatures. A further
object is to provide a method of applying such
seli-propelling liquid compositions. A still fur-
ther object is to provide a package comprising a
hermetically sealed container charged with such
seli-propelling liquid composition. Other ok~
jects are to provide new compositions of matter
and to advance the art. Still other objects will
appear hereinafter. ' ' '

The above and other objects may be accom-

‘plished in accordance with my invention which
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comprises a self-propelling liquid composition
consisting essentially of a solution of carbon
tetrafuoride (CFo in at least one of CBrzFz and
CF»BrCF:Br, in which the CF: constitutes from
about 2.5% to about 10% by weight of the liquid;
the method of applying such composition to an
object which comprises maintaining such liquid
composition in a hermetically sealed container
under the vapor pressure thereof and expelling
such composition under such pressure through &
discharge orifice and directing the expelled com-
position against such object; and a package
which comprises a hermetically sealed container
charged with such liquid composition under-a

pressure corresponding to the vapor: pressure:of;:

such composition. In such : compositions, ‘the
CF: acts as the propellant for expelling the lig-
uid composition from the container. Such com-
positions are particularly adapted for use as self-
propelling fire extinguishant -compositions: in
which the CBreF2 and CF:BrCF:Br act as the
primary extinguishants and the CF: also acts
as a fire extinguishant, functioning by smother~
ing the flame, as well as the propellant.

CF4 boils at —127.9° C., CBrzF%: boils at 24.5° C.
and CF:BrCF.RBr boils .at 47.4° C. CF4 is non-
toxic and highly stable, even at quite high tem-~
peratures. I have found that solutions of CF4
in each of CBrzF: and CFe:BrCFzBr have abnor-
raally high vapor pressures at low temperatures,
deviating widely from Raoult’s law, which vapor
pressures could not be predicted. Such deviation
apparently decreases with increase in tempera~
fure. Also, CF4 is quite soluble in each of CBraF2
and CFe:BrCF:Br.
of . CF: and solutions thereof in CBra2F: and
CF:BrCF-Br, about 2.5% of CFs by weight of the
liquid will provide sufficient pressure at low tem-
peratures (of the order of about 100  p. s. 1. 8. at

—65° F.) to meet the requirements of a self-.

propelling fire extinguishant liquid, and will de-
velop only moderate pressures at high tempera-
fures. Also, such amount of CF4 is sufficient to
maintain the pressure to the degree required

during the entire discharge, and so that a brief.

accidental discharge of the gas phase, while the
container is inverted, does not. lead to excessive
loss of pressure. For most purposes and particu-
larly for use as & fire extinguishant, the liquid
will contain from about 2.5% to about 10% by
weight of CF4 and, preferably, from about 5% to
about 10% by weight. For other purposes and
particularly where the composition is to be used
only at atmospheric temperatures or above,

smaller proportions of CF4, down to about 1% by .

weight, may be used, 1%. providing pressures of
about 25 to 30 p. 5. i. g. at —65° F, More than
10% by weight of CF4 can be employed where
the resulting higher pressures are desired.

When liquids are dissolved in each other, the
expected result is that the vapor pressure exerted
by each component (“partial pressure”) will be
approximately equal to the vapor pressure of the
pure component multiplied by the mole fraction
of that component present in the mixture
(Raoult’s law), and. that the total pressure.of
the mixture will be the sum of the pressures of
the individual components (the “partial pres-
sures). At —65° P, CPFs has a vapor pressure of
420 poundg per square inch absolute (p..s.i..a.).
At this temperature, the vapor pressures .of
CBr:F2 and. CF:BrCr:Br are a small fraction of
one p. s. i. a. and are thus negligible, -and. the
vapor , pressure of  CBrF: - (B. P. —60° C.) is
approximately. 20 p. s: i..a. - CBrF; represents the

Because 'of such properties,
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expected case—only a small deviation from
Raoult’s law ; while, with CBraF2 and CF:BrCF2Br,
the actual pressure is 3 to 4 times that calculated
by Raoult’s law. This may be seen in the foliow-
ing Table I, where observed and calculated vapor
pressures in p. s. i. a. are compared:

Table I
Composition of the | Vapor Pressure at
Liquid Phase —65° F. p.s. 1. a.
Compounds T B
eig] ole v
Percent | Fraction R%Jult’s Observed
aw
93.6 . 833
¥ i } 70 215
3 . 88
2o 12 } a7 215
8. . 56
18 4 } 196 215
.8 .
9.2 R o 81

The disadvantages of the “normal” case, as

‘represented by CBrFs, are the large proportion of

the propellant required (above table) to give ade~

. quate discharge pressure at low temperature and
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the high pressure developed thereby at higher
temperatures, as shown in:the following Table II,

wherein the pressures are: given in pounds per -

square inch gauge (p.s.i.8.):

Table I
Composition | Observed Vapor Pres-
-of the sure, p.s. . g.
Compounds Liquid
osent :
eig! -
Pocns | at—65°F. | at+77° P
93.6
e } 200 460
62: 8 } 200 430
- gé:g } 200 845
o8 } 66 420

The disadvantage of nitrogen lies in its defi-
ciency in gaseous volume as compared to CFu.
This is shown by the number of vessel volumes
of gaseous propellant at —65° F\. and 100 p.s. i. g,
i. e., the number of times the propellant present
in ‘the. particular mixture would fill the vessel at
—65° F. if the. pressure ‘were. reduced to 100
p..s. i. g. The smaller the number of vessel vol-
umes, the less effective is the propellant. The
data are given in the following Tables IIT and IV
for.a vessel liquid full at 150° F., the values in

‘Table IV being for —65° F. except where indi-

cated otherwise:

Table 111
Observed Vapor | Number of
C(}r?}[l;osli‘@ion Pressure, p. 8. i. g. Vlels;lzls\g(f)l-
of the Lig-
@5  Compounds uid Phase, P(r}oasgﬁ;rsxt
Weight Per- | 5t —65° | at £150° | at —05° F.
- B - F. and 100
p. s. i g
CF;BrCF:Br. ... “93.:6
70 CRBioHBL %6 o) @ i
2br P ) oS, .
Sirogen. 0 } a0 605 12
1210 .0 | .
1 %9 }ooa0 520 3.0
T2 g N
ke Sl s 520 1.0
75
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Table IV

Composition of the B 5
liquid phase _ Volot}me Volume | Volume V_f;elggzgt
Compounds Vessel h(qul)d (gas) * phase
B Wt. . (ce) 1 ce. ce. (erams)
Percent | CTamms
93.6 259.9 : 0
o i73 } 143 122 21 { 18
.6 259. .
o4 o } 136 13 23 { 9
5. . .
9 "3 } 108 86 22 E 18
99.7 209.8
ot o8 } 103 82 21 0.9

1 Vessel liquid full at 150° F.

From the experimentally determined vapor
pressure relationships and other data above given,
the variation in pressure during discharge of
representative solutions were calculated, and the
calculated results of the solutions of CF: and
nitrogen, respectively, in CF2BrCF:Br were em-
ployed to produce the graph shown in the accom-
panying drawing.

The corresponding curves for corresponding
solutions of CF: and nitrogen, respectively, in
CEra2F2 would apparently be nearly identical with
those shown in the grawings. This is based on
three calculated values for each solution, shown
in the following Table V:

Table V

Composition
of Hquid
phase,
Weight
percent

Percent
Liquid
Discharged

{
{

Compounds P.s.ig.

200
151
103.5
200
79
42

CBroFy. oo

100

From such graph and calculations, it is ap-
parent that the pressure during the discharge
is much better maintained by CFs than by nitro-
gen at low temperatures, when the discharge is
slow so that there is equilibrium between the liquid
and the gas during the discharge. The amount
of CFy in the system is much greater than the
amount of nitrogen and, therefore, after a cer-
tain percentage of the solution has been expelled,
there will be a much larger amount of propellant
remaining in the container when the propellant
is CP: than when the propellant is nitrogen.
Usually, in practice, the orifice of the container
is epened wide fairly quickly, resulting in a sud-
den rapid discharge so that the propellant equi-
librium between the liquid and the vapor cannot
be maintained and, for a given amount of lquid
discharged, the proportion of propellant expelled
will be higher and the fall in pressure will be
more rapid than shown by the graph. In such
latter case, the advantage of CPFs: over nitrogen
would be even greater than that shown in the
graph, because of the larger amount of the C¥.
propellant available.

As is usual in the case of self-propelling com-
positions, the compositions of my invention will
be maintained under pressure in a hermetically
sealed container, such as a fire extinguisher,
which is provided with a discharge orifice and g
valve for controlling the flow of material through
the orifice. The valve is normally closed to pre-
vent passage of either gas or liquid through the
orifice and is opened for expelling the lquid
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through the orifice and directing it against an
object to which it is to be applied. Such con-
tainers are well known and conventional and any
of them, that will withstand the pressures in-
volved, may be used.

It will be understood that the specific solutions
disclosed in the tables are given for illustrative
burposes solely and that the proportions of CF:
dissolved therein may be varied as indicated in
the general description. It is also apparent that
mixtures of CBraFz and CF:BrCF:Br, in any de-
sired proportions, may be used and the CF4 can
be dissolved therein in the same proportions as
in the individual compounds.

From the preceding disclosure, it will be ap-
parent that I have provided novel self-propelling
liquid compositions having unusual properties
and which are suitable for use over a very wide
range of temperature conditions. Such com-
positions have exceptional and particularly de-
sirable properties for use at low temperatures.
Therefore, it will be apparent that my invention
constitutes a very valuable contribution to and
advance in the art.

I claim:

1. A self-propelling liquid composition con-
sisting essentially of a solution of CF: in a mem-
ber of the group consisting of CBr2F2: and
CF9BrCF:Er, in which the CF4 constitutes from
about 2.5% to about 10% by weight of the liquid,
said composition being maintained in a confined
space under g pressure corresponding to its vapor
pressure.

2. A self-propelling liguid composition consist-
ing essentially of g solution of CF: in a member
of the group consisting of CBr:F; and CF:BrCF2Br,
in which the CF: constitutes from about 5% to
about 10% by weight of the liquid, said compo-
sition being maintained in a confined space under
8 pressure corresponding to its vapor pressure.

3. A self-propelling liquid composition consist-
ing essentially of a solution of CF: in a member
of the group consisting of CBrz2Fs and CF:BrCF:Br,
in which the CF: constitutes from about 5% to
about 6.4% by weight of the liquid, said compo~
sition being maintained in a confined space under
a pressure corresponding to its vapor pressure.

4. A self-propelling liquid composition consist-
ing essentially of a solution of CFy in CBroFe, in
which the CF: constitutes from about 2.5% to
about 10% by weight of the liquid, said compo-
sition being maintained in a confined space under
a pressure corresponding to its vapor pressure.

5. A self-propelling liquid composition consist-
ing essentially of a solution of CF: in CBraF, in
which the CF4 constitutes from about 5% to apout ]
10% by weight of the liquid, said composition
being maintained in a confined space under g
bressure corresponding to its vapor pressure.

‘6. A self-propelling liquid composition consist-



7 .
ing essentially of a solution of CF: in CF:BrC¥:Br,
in which the CFs constitutes from about 2.5% to
about 10% by weight of the liquid, said compo-
sition being maintained in a confined space under
a pressure corresponding to its vapor pressure. 5
7. A self-propelling liquid composition consist-
ing essentially of a solution of CF: in CF:BrCF:Br,
in which the CF: constitutes from about 5% to
about 10% by weight of the liquid, said composi-
tion being maintained in a confined space under 10
a pressure corresponding to its vapor pressure.
BERNHARDT J. EISEMAN, Jr.
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