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This invention relates to carbon dioxide snow 
iforming shields or horns, and, more particularly, 
relates to such horns adapted to greatly minimize 
the accumulation of electrostatic charges. 
In certain fire extinguishing apparatus, high 

pressure liquid and/or gaseous carbon dioxide is 
discharged through a nozzle Surrounded by a 
funnel-shaped shield or horn which causes the 
carbon dioxide to be converted to a mixture of 
snow particles and gas. In passing through the 

...nozzle, the carbon dioxide expands rapidly from 
a relatively high pressure to nearly atmospheric 
pressure to produce carbon dioxide snow, while 
the horn reduces the forward velocity of the dis 
"charged carbon dioxide to prevent the entrain 
ment of air. 
The horn, in most instances, is formed of di 

electric material having an infinitesimal electri 
cal conductivity to enable the same to be used 
safely on fires in the vicinity of an electrical cur 
rent supply at very high voltages. 

... In cases where the horn is not grounded, for 
example, when the horn is used in connection 
with portable fire extinguishing apparatus adapt 
ed to be carried by the operator, electroStatic 
charges are generated and are accumulated by 
the horn, which acts in a sense as a condenser. 
These charges, when grounded through the opera 
tor, may subject the operator to severe and dis 
agreeable shocks, particularly at conditions of low 
relative humidity. 

It is believed that these charges are due to the 
fact that the carbon dioxide Snow directed out 
wardly from the nozzle contacts the horn with 
(explosive-like violence. This is because the car 
bon dioxide is permitted to expand very quickly 
from several hundred pounds per Square inch to 
nearly atmospheric pressure, whereby the mix 
ture of gas and snow leaving the nozzle will at 
tain a relatively high velocity. 
As a result of this rapid expansion, violent ex 

parasion shocks, high local velocities and low tem 
peratures are established. Liquid carbon dioxide 
droplets freeze to Snow crystals, and these Snow 
crystals are blown by the gas to collide violently 
against the dielectric surface of the horn. Some 
of the snow crystals will be negatively charged 
before they collide with the horn, while others 
will be neutral. Upon such violent collision, a 
number of these Snow crystals will lose one or 
more electrons, that is, negative charges, which 
are accumulated by the horn and may be dissi 
pated in the form of an electrostatic discharge 
when the horn is grounded. . 

It has been established that the electrostatic 
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about 40 to 50 joules at a potential up to about 
60 kilovolts, the potential of the charge on the 
horn being negative. While such charges are 
not injurious to human beings, they nevertheleSS 
produce shocks having distressing effects, 

Accordingly, an object of the present invention 
is to substantially eliminate or greatly minimize 
the generation of electrostatic charges on carbon 
dioxide snow forming horns. 
Another object is to effect substantial dissipa 

tion of the generated electrostatic charges tend 
ing to accumulate on the horns. 
Another object is to provide horns of the fore 

going character which can be used safely in the 
vicinity of very high voltage electrical installa 
tionS. 
A further object is to accomplish the foregoing 

objects in a simple, inexpensive manner. . 
Other and further objects of the invention will 

be obvious upon an understanding of the illustra 
tive embodiment about to be described, or Will be 
indicated in the appended claims, and various 
advantages not referred to herein will occur to 

5 one skilled in the art upon employment of the 
invention in practice. 
In accordance With the invention, it has been 

found that these objects may be accomplished by 
utilizing carbon dioxide snow forming horns 
constructed of dielectric material provided with 
an interior surface of a material having a specific 
inductive capacity of a value which will greatly 
minimize the generation of an electrostatic 
charge and having a surface resistance of a value 
to establish surface leakage which effects sub 
stantial dissipation of the charge generated, 
Whereby the charge accumulated by the horn 
is greatly reduced. Such a surface is provided 
by applying to the interior of the horn a coating 
of a material having the aforementioned prop 
erties. 

In the accompanying drawing: 
Figure 1 is an elevational view illustrating a 

portable fire extinguisher provided with a horn 
embodying the invention, a portion of the horn 
being shown in section. 

Figure 2 is an enlarged, fragmentary sectional 
view of the horn illustrating the coating at the 
interior thereof. 

Referring to Figure 1, there is shown a portable 
fire extinguisher comprising a container 9 for 
Storing carbon dioxide under pressure, a dis 
charge head or valve id for releasing the car 
bon dioxide from the container, a handle 2 on 
the discharge head to facilitate carrying of the 
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extinguisher, a discharge directing shield or 
horn 4 supported by a bracket 5 on the con 
tainer when the extinguisher is not in use, and 
a flexible hose 6 connecting the outlet T of the 
discharge head to the horn 4. At the in 
terior of the horn, a nozzle 8 is provided which 
is in communication with the hose 6 and 
through which carbon dioxide is expanded into 
the horn as aforementioned. 
The horn generally is formed of a resin or 

plastic of the type having high dielectric 
strength and infinitesimal electrical conductivity. 
For example, as shown in Figure 2, the horn 
may be formed of one or more layers of fabric 
impregnated and coated with a phenolformalde 
hyde-type resin. The horn is provided With a 
handle 9 to facilitate manual handling thereof. 
As illustrated in Figure 2, the interior wall of 

the horn is provided with a Surface of a mate 
rial having the aforementioned desired proper 
ties, the Surface being shown as a coating 20 ap 
plied to the interior Wall. 
The coating comprises finely divided particles 

of electrically conductive material which are 
dispersed in a Substantially nonconductive resin 
or plastic composition. In practice, it has been 
found that excellent results can be obtained by 
applying a lacquer-like composition comprising 
colloidal carbon, Such as carbon black, and a 
vinyl-type resin, dissolved in a Suitable solvent 
or thinner which is driven off by heat after ap 
plication of the coating to expedite setting of the 
resin with the carbon particles dispersed therein. 
This lacquer-like composition may be applied by 
brushing, Spraying, dipping or pouring the same 
On the interior surface or the interior and ex 
terior Surface of the horn. 

In practicing the invention, it has been found 
that Suitable coatings can be provided by com 
positions comprising ten parts by weight of 
Solids consisting of carbon and resin and about 
ninety parts by weight of solvent or thinner. 
The amount of carbon and resin may vary be 
tWeen l to 9 parts by weight of carbon and 9 to 1 
parts by Weight of resin and totalling ten parts 
by Weight carbon and resin. 

It was found, that by varying the thickness of 
the coating and the carbon content of the coat 
ing, coatings could be provided having a surface 
resistance on the order of between .5 to 500 is 
negohms per inch. . Such coatings, when applied 
to the interior Surface of the horn, were effective 
to greatly minimize the generation and accumu 
lation of electrostatic charges. 

Preferably, the coatings applied should have 
a Surface resistance on the order of between 
about i to 10 megohms per inch and the over-all 
Surface resistance of the coating measured from 
a point at the open end of the horn to a point at 
the closed end of the horn should be at least 10 
megohms, whereby the horn is safe for use in the 
vicinity of high voltage electrical equipment. 
As a Specific example of practicing the inven 

tion, a lacquer-like composition was prepared by 
dissolving five parts by weight of a vinyl acetate 
vinyl chloride copolymer resin in ninety parts 
by Weight of methyl isobutyl ketone and then 
dispersing therein five parts by weight of col 
loidal carbon. 
This composition was applied to the inner Wall 

of a horn having a length of seventeen inches by 
pouring a quantity of the composition into the 
large end of the horn and centrifuging the horn 
with its Small end extending radially outwardly 
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4. 
axis to provide a relatively light coating thereon. 
The horn was placed in an oven for one hour in 
which a temperature of 225 F. was maintained, 
whereupon the solvent was driven off and a 
resin-like coating was provided. 
The interior surface of the horn was found 

to have an average surface resistance of 1.8 
megohms per inch and Was found to have an 
average over-all resistance of 10.3 megohms. 
The horn then was tested for electrostatic 

charge by discharging about 10 pounds of liquid 
carbon dioxide through the nozzle 8 at a rate 
of about .5 pound per Second in an atmosphere 
having a relative humidity of 35%. It was found 
that very little charge was generated and that 
very little charge Was accumulated. The opera 
tor conducting the discharge test grasped the 
handle 9 of the horn in one hand in the usual 
manner and did not experience any disagreeable 
shocks. 
The test was repeated by mounting the cylin 

der and the horn on a platform insulated from 
the ground. Electrical measurements were taken 
and it was found that the electrostatic charge 
accumulated on the horn was 70 microcoulombs. 
The last mentioned test was repeated with an 

uncoated horn of the same size and shape as the 
aforementioned coated horn and it was found 
that the electrostatic charge accumulated on the 
horn was 160 microcoulombs. These compari 
Sons demonstrate that a coated horn minimizes 
the accumulated charge about 56%. Electrical 
measurements made during the discharge tests 
further indicated that the charge generated with 
a coated horn was much less than that gener 
ated With an uncoated horn. 
The low value of the charge accumulated was 

further evidenced by the fact that upon discharge 
of carbon dioxide (under the conditions afore 
mentioned and through a horn in accordance 
With the invention) in a dark, dry, warm room no 
Corona, effect was exhibited. A horn without 
the coating of the present invention exhibited 
a very powerful brilliant corona, accompanied 
by crackling sounds and a smell of ozone and 
oxides of nitrogen. 
By the term "accumulated charge' as used 

herein is meant the charge equal to the gen 
erated charge less the dissipated charge. This 
accumulated charge is of the Smallest value when 
the charge generated is of a minimum value and a 
maximum of the generated charge is dissipated. 

It is believed that in practicing the present in 
vention the generated charge is minimized be 
cause the Specific inductive capacity (dielectric 
constant) of the coating approximates that of 
carbon dioxide Snow crystals. This belief is 
based on the generally accepted theory that one 
of the functions upon which the value of an elec 
troStatic charge depends is the difference in 
the dielectric constants of two bodies coming in 
contact with each other. For example, two bodies 
of like material or materials having like dielec 
tric constants should generate a minimum of 
charge, whereas two bodies of materials having 
greatly varying dielectric constants should gen 
erate a very substantial charge. 

It has been found that a coating having a 
Surface resistance on the order of about 5 to 
500 megohms per inch establishes surface leak 
age adapted to effect substantial dissipation of 
the electrostatic charge generated to thereby 
minimize the value of the accumulated charge. 
It is believed that by reason of such leakage con 

While revolving the horn about its longitudinal 75 ductivity a substantial number of the electrons 
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forming the charge flow along the interior Sur 
face of the horn in the direction in which the 
carbon dioxide stream flows and recombine with 
the carbon dioxide snow crystals which have lost 
one or more electrons as the stream leaves the 
horn, thereby effecting substantial neutraliza 
tion of the charge generated. While the coating 
is very slightly conductive in a sense, never 
theless it permits safe use of the horn in proxi 
mity to electrical installations of about 100,000 
volts. 

It was further found that the discharge of 
carbon dioxide at high pressure into the horn 
did not injure the coating. The coating did not 
exhibit any change in physical appearance and 
resistivity, and resistance measurements made 
before and after the discharge tests were very 
nearly the same. The coating was also Washed 
with soap and warm water which had no effect 
thereon. 
From the foregoing description, it will be seen 

that the present invention provides carbon di 
oxide snow forming horns which minimize the 
generation of electrostatic charges and increase 
the dissipation of such charges and, at the Same 
time, can be used safely in the vicinity of a very 
high voltage electrical installations. The coat 
ing is readily applied to the horns and does not 
materially increase the cost of the horns. The 
coating will not chip, peel or flake and will re 
sist the abrasive action of carbon dioxide Snow 
particles. The coating can be readily applied 
to horns now in use, thereby conditioning the 
same to minimize the accumulation of electro 
static charges in the same manner as newly 
manufactured horns. 
As various changes may be made in the de 

tails set forth herein, without departing from 
the spirit and scope of the invention and Without 
sacrificing any of its advantages, it is to be un 
derstood that all matter herein is to be inter 
preted as illustrative and not in any limiting 
SeSe. 

I claim: 
1. A tubular shield in which carbon dioxide 45 

snow is formed including an inner Wall provided 
with a surface of a material having a Surface re 
sistance on the order of between .5 and 500 
megohms per inch, said shield being character 
ized in that dissipation of an electrostatic 
charge is effected without grounding Said inner 
wall and that said shield is safe for use in the 
vicinity of high voltage installations. 

2. A tubular shield in which carbon dioxide 
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Snow is formed including an inner wall provided 
with a surface of a material having a Surface 
resistance on the order of between .5 and 500 
megohms per inch and having a specific induc 
tive capacity approximating that of carbon di 
oxide snow, said shield being characterized in 
that dissipation of an electrostatic charge is 
effected without grounding said inner wall and 
that said shield is safe for use in the vicinity of 
high voltage installations. 

3. A tubular shield in which carbon dioxide 
snow is formed including an inner Wall provided 
with a surface of a material having a Surface 
resistance on the order of between .5 and 500 
megohms per inch, said shield being charac 
terized in that dissipation of an electrostatic 
charge is effected without grounding Said inner 
wall and that said shield is safe for use in the 
vicinity of high voltage installations, said inner 
wall surface being of a length to provide an Over 
all surface resistance of at least 10 megohms. 

4. A tubular shield in which carbon dioxide 
Snow is formed including an inner Wall provided 
with a surface of a material comprising a vinyl 
type resin and a sufficient quantity of colloidal 
carbon dispersed in said resin to give the mate 
rial a surface resistance of between .5 and 500 
megohms per inch. 

5. A tubular shield in which carbon dioxide 
Snow is formed including an inner Wall provided 
with a surface of a material comprising in 10 
parts by weight about 1 to 9 parts by Weight of 
a vinyl-type resin and about 9 to 1 parts by 
weight of colloidal carbon dispersed in said resin, 
said material having a surface resistance on the 
order of between about 5 and 500 megohms per 
inch. 

MARCEL KNEWMAN. 
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