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FIRE EXTINGUISHING COMPOSITION OF 
CBr2F OR, CFBrCF2B CONTARNING CF 
AS A PROPELLANT 

Bernhardt J. Eiseman, Jr., Wilmington, Del, as 
signor to E. I. du Pont de Nemours & Com 
pany, Wilmington, Del, a corporation of Dela 
Wale 

Application May 17, 1951, Serial No. 226,921 
- (C. 252-8) Claims. 

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 

eS. 
It has been proposed to use propellants for 

fire extinguishants which are low in toxicity, are 
stable during storage and provide adequate pres 
sure 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 
peratures. 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 CBrF3, CBr2.F2 and 
CF2BrCF2Br, are examples of such latter type. 
If the propellant is of the former type, as is con 
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 ten 
perature conditions hereinbefore referred to, 
must meet all of the following requirements: 

Below in toxicity; - - - - 

2. Have high stability; - - - - - - 

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

4. Develop only moderate pressures at high 
temperatures; 

5. The pressure. must be well maintained dur 
ing the entire discharge, i. e., until the last of 
the liquid 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 extinguisher is inverted, Will not lead 
to an excessive loss of pressure. 
Offhand, 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 to 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 
equipment. 

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 
self-propelling liquid compositions. A still fur 
ther object is to provide a package comprising a 
hermetically sealed container charged with Such 
self-propelling liquid composition. Other ob 
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 
tetrafluoride (CFA) in at least one of CBr2F2 and 
CFBrCF2Br, in which the CF4 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 a 
discharge orifice and directing the expelled con 
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 lid 
uid composition from the container. Such con. 
positions are particularly adapted for use as Self 
propelling fire extinguishant compositions in 
which the CBrF2 and CF2BrCF2Br act as the 
primary extinguishants and the CF4 also acts 
as a fire extinguishant, functioning by Smother 
ing the fiame, as well as the propellant. 
CE, boils at -127.9° C., CBrF2 boils at 24.5' C. 

and CFBrOF'Br 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 CBrF2 and CF2BrCF2Br have abnor 
mally 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 
ture. Also, CF4 is quite soluble in each of CBr2F2 
and CF2BrCF2B. 
of . CF4 and solutions thereof in CBr2.F2 and 
CF2BrCF2Br, about 2.5% of CF4 by weight of the 
liquid will provide sufficient pressure at low ten 
peratures (of the order of about 100 p.s. i. g. at 
-65° E.) to meet the requirements of a Self 
propelling fire extinguishant liquid, and Will de 
velop only moderate pressures at high tempera 
tures. 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 a 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.s. 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- ---------eam-m-m-m-r-m-m-m- 
sures'). At -65. F., CF4 has a vapor pressure of 
420 pounds per Square inch absolute (p.s. i.a.). 
At this temperature, the vapor pressures of 
CBr2F2 and CF2BrCF2Br. are a Small fraction of 
One p. S. i. a. and are thus negligible, and the 
vapor pressure of CBrF3 (B. P. -60° C.) is 
approximately. 20 p.s. i.a. CBrF3 represents the 

Because of such properties, 

O 

4. 
expected case-only a small deviation from 
Raoult's law; while, with CBrF2 and CF2BrCF2Br, 
the actual pressure is 3 to 4 times that calculated 
by Raoult's law. This may be seen in the follow 
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. i.a. 

Compounds weight Mole "E" e Oe y 
Percent Eraction Raoult's Observed 

Law 

93. 6 .833 6 5. } 70 215 
88 5.0 12 } 47 215 

S; ; } 196 25 
90.8 853 9, 2 3} 79 81 

The disadvantages of the “normal' case, aS 
represented by CBrF3, are the large proportion of 
the propellant required (above table) to give ade 
Jquate 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.g.) : 

Table II 

Composition Observed Vapor Pres 
of the Sure, p. S. i.g. 

Compounds Liquid . . . . 
: E: or a 1770 E. at-65°F. at +77 F. 

CFBrCF2Br.------------ .. 98) 200 460 
9: } 200 430 
S3 } 200 845 
9. } 66 420 

The disadvantage of nitrogen lies in its defi 
ciency in gaseous volume as compared to CF4. 
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° E. if the pressure were reduced to 100 
p.s. i. g. The Smaller the number of vesse Wol 
umes, the less effective is the propellant. The 
data are given in the following Tables III 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 III 

Observed Vapor Number of 
Capsin PreSSure, p. S. i. g. Veil Y 
O eulo 

Compounds uid Phase, FEER 
Weiger at 65° at 150 EEF. F. . F. and 100 

p. S. i. g. 

CFBrCF2Br------ 93.6 
8EBFCF.B.I. a } 200 605 3.6 23r 25- - - - - - Nign: 3 } 400 605 1, 2 

T22 

22 Nitrogen.- 83) ; 300 520 1.0   
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Table IV 

Composition of the 
liquid phase voyme Volume Volume Weight 

Compounds Wessel list 65 phase 
- Wit. (cc.) 1 CC. C. (grams) Percent Grams 

CFBrCF2Br- 93.6 259.9 O E. : E $ 1. 2BI 2----- - 

gå go 8 136 13 23 { 18 
5. - - 

as: g } 108 86 22 : 1. 7 209. 
0.3 0.6 } 103 82 2 0.7 

1 Wessel 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 CF4 and 
nitrogen, respectively, in CF2BrCF2Br Were en 
ployed to produce the graph shown in the accom 
panying dra Wing. 
The corresponding curves for corresponding 

Solutions of CF4 and nitrogen, respectively, in 
CBrF2 would apparently be nearly identical with 
those ShoWin in the drawings. This is based. On 
three calculated values for each Solution, shown 
in the following Table W: 

Table V 

Composition 
of liquid Percent Compounds phase, Liquid P. S. i.g. 
Weight Discharged 
percent 

CBrF2---------- 95.0 { s 2. 
CF4------ - - - - 5.0 00 03.5 

CBrF2--------------------- 99.7 s 28 
Nitrogen------------------- 0.3 100 42 

From Such graph and calculations, it is ap 
parent that the pressure during the discharge 
is much better maintained by CF4 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 CF4 in the system is much greater than the 
annount 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 CF4 than when the propellant is nitrogen. 
Usually, in practice, the orifice of the container 
is opened 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 liquid 
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 CF4. Over nitrogen 
would be even greater than that shown in the 
graph, because of the larger amount of the CF4 
propellant available. 
AS is usual in the case of Self-propelling comi 

positions, the compositions of my invention will 
be raintained under pressure in a hernetically 
sealed container, Such as a fire extinguisher, 
which is provided with a discharge orifice and a 
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 liquid 
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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 
Wolved, may be used. 

It will be understood that the specific solutions 
disclosed in the tables are given for illustrative 
purposes Solely and that the proportions of CF4 
dissolved therein may be varied as indicated in 
the general description. It is also apparent that 
mixtures of CBrF2 and CFBrCF2Br, 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 CF4 in a mem 
ber of the group consisting of CBrF2 and 
CF2BrCF2Br, in which the CF4 constitutes from 
about 2.5% to about 10% by weight of the liquid, 
Said composition being inaintained in a confined 
Space under a pressure corresponding to its vapor 
preSSLIre. 

2. A Self-propelling liquid composition consist 
ing eSSentially of a Solution of CF4 in a member 
of the group consisting of CBrF2 and CFBrCF2Br, 
in Which the CF4 constitutes from about 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. 

3. A Self-propelling liquid composition consist 
ing essentially of a Solution of CF4 in a member 
of the group consisting of CBr2F2 and CB2BrCF2B1, 
in which the CF4 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 CF4 in CBrF2, in 
which the CF4 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 CF4 in CBrF2, in 
which the CF4 constitutes from about 5% to about 
10% by Weight of the liquid, said composition 
being maintained in a confined space under a 
pressure corresponding to its vapor pressure. 

6. A Self-propelling liquid composition consist 

  

  



2,653,180 
7 8 

ing essentially of a solution of CF4 in CF2BrCF2Br, References Cited in the file of this patent 
in which the CF4 constitutes from about 2.5% to UNITED -STATES PATENTS 
about 10% by weight of the liquid, said compo 
sition being maintained in a confined space under N. Name Date a 1926,396 Midgley et al. ------ Sept. 12, 1933 
a pressure corresponding to its vapor pressure. 5 2,021,981 Bichowsky . Nov. 26, 1935 

7. A Self-propelling liquid composition consist- 2,529,092 Lodes ------- - a Nov. 7, 1950 
ing essentially of a solution of CF4 in CFBrCF2Br, 
in which the CF4 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. 


