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CHEMICALLY ACTIVATED WARNING SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to an electrically actuated 
safety alarm system for detecting the presence of a 
threshold level of predetermined toxic gases. This 
alarm system includes a signal of an audio or visual 
type. It can be used alone as an alarm system, say, in 
a chemical plant or mine or used in conjunction with 
a conventional gas filter breathing apparatus. 
Gas filter breathing apparatus typically include canis 

ters with a layer of granular sorbent material such as 
activated charcoal. Such canisters generally are effec 
tive only at relatively low levels of highly toxic gas (e.g., 
1 percent or less). Thus, the low capacity chin-type 
canisters are recommended for use at toxic gas levels 
below 0.5 percent. At higher levels, the material in the 
canister either dissipates in a relatively short period of 
time or sorbs only part of the toxic gas. Thus, in an 
emergency, particularly where a lethal spill or leak of 
a hazardous gas occurs, the gas mask wearer does not 
realize that his cartridge canister has become saturated 
until he detects the odor during inhalation. By that 
time, such inhalation may cause permanent health 
damage or even death. The wearer may not have suffi 
cient time to leave the hazardous area and return to 
fresh air as breathing the toxic gas may cause uncon 
sciousness. 
Many of the above filter systems rapidly generate 

heat at high concentration of toxic gases. One warning 
system presently employed is that such heat causes the 
air inhaled by the wearer of the mask to be uncomfort 
ably hot. However, this may be too late resulting in the 
above harmful effects. In addition, the wearer is likely 
to be so pre-occupied with performance of his emer 
gency functions that he may not notice the heating of 
the canister until it is too late to leave the area. If the 
canister is of the type that fits on the back of the gas 
mask wearer, the wearer is further handicapped in no 
ticing increased temperature of the canister, especially 
if he is under stress. 
There are many highly toxic gases which are com 

monly used and which are difficult to detect for warn 
ing. Such gases include odorless and tasteless methyl 
bromide, used to manufacture rubber and as a fumigant 
in the food industries, hydrogen sulfide, occurring in 
natural gas and coal-mining operations, and sulfur di 
oxide present in coal burning and as a preservative and 
fumigant in the food industry. 
There is believed to be no effective warning system 

in public use which can be positioned in various envi 
ronments such as chemical plants which are rapidly ac 
tivated by the sudden release of toxic gases. There is a 
need for such systems of an audio/visual type to warn 
not only those persons exposed to the toxic gases in the 
immediate vicinity of the alarm system but also those 
persons within hearing distance of the alarm system 
who would shortly be exposed to the gases if they do 
not immediately leave the premises. 
SUMMARY OF THE INVENTION AND OBJECTS 
The electrically actuated safety alarm system of the 
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alarm system includes a container and spaced apart 
electrodes with an electrically conductive medium 
(e.g., activated charcoal) disposed between the elec 
trodes. At least one of the electrodes is coated with a 
basic nitrogen-containing polymer in the region of the 
electrically conductive medium to provide a barrier 
against contact between that electrode and the me 
dium. The coating is characterized by high electrical 
resistance and is capable of reacting with a threshold 
level of predetermined toxic gases to form sufficient 
quaternary ammonium salts to substantially reduce the 
electrical resistance. Signaling means is connected in 
series with the electrodes to activate an audio and/or 
visual signal when the electrical resistance of the coat 
ing is reduced sufficiently, responsive to a dangerously 
high concentration of toxic gases. This activation is 
caused by a substantial drop in the resistance between 
electrodes. The container in the form of a metal canis 
ter or metal mesh basket, may serve as one of the elec 
trodes. 
The above alarm system may be used in conjunction 

with chemical filter breathing apparatus or indepen 
dently as by mounting on a wall of a chemical plant or 
similar installation. 
Generally, it is an object of the present invention to 

provide an electrically actuated safety alarm system for 
detecting and signaling the presence of a selected 
threshold of predetermined toxic gases (e.g., acids, 
acid precursors and alkyl halides). 
Another object of the invention is to provide an 

alarm system of the above type which generates an au 
dible or visual signal or a combination of the two. 

It is a further object of the invention to provide an 
alarm system of the above type in combination with a 
chemical filter breathing apparatus to provide a warn 
ing to the wearer when the apparatus is insufficient to 
filter predetermined levels of toxic gases. 

It is another object of the invention to provide an ap 
paratus of the above type in which the electrical signal, 
audio or audio/visual alarm is readily removed for re 
peated use after exhaustion of the chemical systems. 

It is another object of the invention to provide an ap 
paratus of the above type in which the alarm device is 
highly reliable, relatively inexpensive, and can be easily 
manufactured. 

It is a further object of the invention to provide an 
alarm device of the above character which can be 
adapted to chemical filter breathing apparatus already 
in the field. - 

It is a specific object of the invention to provide an 
alarm system with an audible signal which can (a) 
clearly warn the wearer of a chemical filter breathing 
apparatus of the danger of high concentrations of toxic 
gases even when he is pre-occupied with emergency 
functions and (b) signal other persons if the wearer be 
comes unconscious as a result of exposure to the gases. 

It is another object of the invention to provide an 
alarm system which can be mounted for long-term 
usage in an area of potential danger for warning per 
sons in the vicinity of the sudden release of toxic gases. 
Additional objects and features of the invention will 

be apparent from the following description in which the 
preferred embodiments are set forth in detail in con 

present invention is used for detecting the presence of 65 junction with the accompanying drawing. 
a selected threshold level of predetermined toxic gases 
(e.g., acid, acid precursor, and alkyl halide) to indicate 
a dangerously high concentration of such gases. The 

BRIEF DESCRIPTION OF THE DRAWING 

F.G. 1 is a front view in perspective of a man wearing 
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a chemical filter breathing apparatus with an alarm sys 
tem according to the present invention. 
FIG. 2 is an expanded front view partially broken 

away of a two probe electrode alarm system of the pres 
ent invention. 
FIG. 3 is a circuit diagram of an audio/visual assem 

bly suitable for the present invention. 
FIG. 4 is a side view partially broken away of a single 

probe electrode alarm system in accordance with the 
present invention. 
F.G. 5 is a schematic view of another embodiment of 

a single probe electrode system. 
DETALEED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

The chemical filter breathing apparatus portion of 
FIG. 1 is of a conventional chin type such as a type 
GMP produced by Mine Safety Appliances Company 
(MSA) of Pittsburg, Pa. Because of its limited capacity, 
this device is recommended by MSA for respiratory 
protection against toxic gases and vapors in concentra 
tion not in excess of 0.5 percent by volume. This 
breathing apparatus is illustrated in conjunction with 
an alarm system in accordance with the present inven 
tion. It includes an electrically conductive canister 1 
consisting of a drawn steel oval-shaped body 12 which 
has been copper-plated. Bottom and top closure wall 
13 and 14 are provided for closing the open lower and 
upper ends of body 12. The bottom closure wall 13 is 
provided with a screen opening 16 which is sealable 
when the canister is not in use. In a conventional 
breathing apparatus, a filter, not shown, is mounted in 
the bottom of the canister for filtering particulate mate 
rial such as toxic dust and the like. A pipe 17 provides 
gas communication between an opening in the top wall 
14 and facemask 18. The canister body 12 defines an 
open gas passageway through the canister so that the 
respiratory tract of the wearer is in communication 
with air from the environment after filtering through 
the canister. 
Referring to FIG. 2, a layer 19 conventionally granu 

lar sorbent material activated charcoal, is provided 
within the canister A. Activated charcoal is used to 
sorb a wide variety of toxic gases including organic va 
pors such as alkyl halides. Such activated charcoal also 
serves as an electrically conductive medium for pur 
poses of the present invention. 
Portions of the above conventional chemical filter 

breathing apparatus are utilized as an integral part of 
the safety alarm system of the present invention by 
means of the following additional apparatus. Electrode 
means is provided in the form of spaced apart electrode 
probes 22 and 23, suitably formed of copper projecting 
into the sorbent material 19. The electrodes are rigidly 
mounted to the canister side wall 2 with a portion of 
each electrode projecting outwardly therefrom. The 
probes are suitably mounted with a strong adhesive pol 
ymer, such as epoxy resin, with electrical insulating 
properties. The adhesive layer 20 extends a sufficient 
distance along the probe walls into the canister to pre 
vent a short-circuit between the electrodes through the 
canister wall. Sorbent material 9 is packed in a layer 
to provide an electrically conductive path between 
electrodes 22 and 23. 

Referring again to FIG. 2, a basic nitrogen atomicon 
taining polymer coating 24, is formed into a complete 
layer about electrodes 22 and 23. Initially, coating 24 
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4. 
serves to ; vide a barrier agains: an electrical path be 
tween the electrodes and activated charcoal granules 
since it has high electrical resistance. It is further char 
acterized by the capacity of reacting with a threshold 
level of predetermined toxic gases to form sufficient 
electrolytic quaternary ammonium salt groups in the 
polymer to substantially reduce the electrical resis 
tance. 
The polymer coating is deposited on the electrodes 

by conventional coating techniques such as by dipping 
the probe into a solution of the polymer in a volatile 
solvent, withdrawing the probe and evaporating the sol 
vent. 
Suitable basic nitrogen atom-containing polymers for 

coating 24 include polyvinyl pyridine, polyvinyl amine 
and substituted amines, amino-styrene polymer, polyvi 
nyl piperidine, aminated polymers, and copolymers and 
mixtures of the above polymers together and in combi 
nation with other polymers. Copolymers with mono 
mers which do not contain a basic nitrogen containing 
monomer should include a sufficient quantity of nitro 
gen atom-containing polymer to reduce the electrical 
resistance to the desired extent. Suitable monomers for 
copolymerization with the monomer precursors of the 
above polymers include vinyl compounds, dienes (e.g., 
butadiene, isoprene and chloroprene), styrene, acrylo 
nitrile, vinyl acetate, methacrylic acid, and ethyl acry 
late. 
The different types of highly toxic gases which react 

with the basic nitrogen atom of coating 24 to form elec 
trolytic quaternary ammonium salts include organic 
and inorganic acids, acid precursors and alkyl halides. 
Suitable acids include hydrogen sulfide, hydrochloric 
acid, nitrous acid, acetic acid, formic acid, chromic 
acid, chloroacetic acid, hydrogen selenide, and hydro 
gen cyanide. Acid precursors are defined as those gases 
which form acids when mixed with water and include 
nitrogen oxides and sulfur dioxide. Alkyl halides in 
clude ethyl or methyl chlorides and bromides. 
The chemical mechanisms or quaternization of the 

above nitrogen compounds with toxic gases of the 
above type is known. The basic nitrogen atoms become 
converted into solid polyelectrolytes. The electrical 
conductivity of the electrolytes is a function of type and 
concentration of the toxic gases, humidity, and temper 
atures of the environment. Also, it is known that the 
presence of plasticizers such as butyl lactate and dibu 
tyi tartrate, in nitrogen compounds such as poly-4- 
vinylpyridine assists this conversion to polyelectrolyte. 
The initial ohmic resistance of the polymer coating 

on the electrode is very high (e.g., greater than 1 x 10' 
ohms). After forming of a significant number of quater 
nary ammonium salts by contact with threshold levels 
of toxic gas of the foregoing type (e.g., 1000 ppm) the 
resistance drops many orders of magnitude to a level 
of, say, 1 X 10 to 1 X 10. Unexpectedly, after the 
quaternization reaction occurs, the granular charcoal 
particles tend to adhere to the polymer surface, thereby 
forming good electrical contact between the charcoal 
and the converted polymer electrolyte. As set forth be 
low, the circuit of the signaling means is complete at 
the lower ohmic resistance to trigger an audio/visual 
signal. The response time for the marked drop in resis 
tance is dependent upon a number of factors including 
polymer coating thickness, percentage of nitrogen 
atoms in the polymer and reactivity of the toxic gas. 
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As described above, an electrically conductive me 
dium is disposed in the canister between the two elec 
trodes. The medium is preferably a form of carbon as 
it is effective and inexpensive. For example, activated 
charcoal is already present as a sorbent layer in a con 
ventional canister for a chemical filter breathing appa 
ratus. Thus, the two electrodes need only contact this 
pre-existing layer to form an inexpensive alarm device. 

It has been unexpectedly discovered that the quater 
nization of polyvinyl pyridine by reaction with methyl 
bromide or chloride gas is catalyzed in the presence of 
granular activated charcoal. This is indicated by a com 
parison of the rate of drop in electrical resistance with 
and without charcoal. 

Referring again to the drawing, signaling means gen 
erally denoted as 25 includes electrical circuitry con 
tained in alarm housing 26. The circuitry is electrically 
insulated within the housing. Signaling means 25 in 
cludes an internal socket, not shown, or other suitable 
clamping mechanism for receiving the mounted elec 
trode probes into the circuitry. Signaling means 25 can 
be detached from the electrodes when desired as after 
the chemical reagents in the canister are expended by 
use. The signaling means may generate a signal of ei 
ther audible sound or visible light such as lamp 27, or 
both. The drop in resistance to trigger the audio/visual 
alarm is satisfied by conversion of the coating into an 
electrolytic quaternary ammonium salt in the presence 
of the above toxic gases so that an electrically conduc 
tive bridge is formed between electrodes 22 and 23 by 
direct contact with charcoal granules 19. 
Suitable signaling means 25 to generate an audio 

and/or visual alarm in response to a dangerously high 
concentration of toxic gases is illustrated in FIG. 3. 
Lines 28 and 29 are coupled to electrode 22 and 23 as 
discussed previously. When the electrical insulating 
barrier of one electrode is still intact electrical resis 
tance produced between lines 28 and 29 is relatively 
high; for example, greater than 10' ohms. Thus, the 
current flow caused by the positive potential of the bat 
tery B1 through the series circuit of R4, R5 and the 
high effective resistance between lines 28 and 29 is 
very low. The base input of transistor Q3 is very close 
to the plus battery potential and is maintained in an off 
condition. The collector of Q3 is connected to iight 
emitting diode Di and is also coupled to an oscillator 
circuit which includes transistors Qi and Q2, the resis 
tors Ri, R2, R3, and the capacitor C. 

in operation when the nitrogen atoms of coating 24 
form significantly quaternary ammonium salt groups by 
reaction with a dangerously high concentration of toxic 
gases the resistance between lines 28 and 29 is reduced. 
When this resistance reaches a certain point, for exam 
ple 20,000 ohms, transistor switch Q3 is turned on 
which applies power to the visual alarm light emitting 
diode D1 and at the same time activates the oscillator 
through resistor R3 to the base of transistor Qi. The 
oscillator circuit oscillates at an audio frequency which 
is converted to an audio signal by means of a suitable 
electro-mechanical transducer or loudspeaker which is 
tapped off between C1 and R2 as indicated on line 30. 
in accordance with the invention even if the user of the 
device does not see the visual signal he is notified by 
the audible sound. 

In the embodiment illustrated in F.G. 2, coatings are 
provided upon both electrodes. It should be understood 
that it is only necessary to coat one electrode as that 
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6 
will create the high resistance which prevents comple 
tion of the electrical circuit between the electrodes. 
Also, the electrically resistant coating only need be 
present in the area of the charcoal or other electrically 
conductive medium. 
Referring to FIG. 4, another embodiment of the 

alarm system of the present invention is illustrated with 
the electrode means in different form. A canister 40 of 
the same general type as described with respect to FIG. 
2 is provided. Electrode 42 extends into activated char 
coal layer 42 and is rigidly mounted to canister 40 with 
a layer of a suitable electrically insulating adhesive 
such as epoxy resin as set forth above. Electrode 42 
projects through the canister for clamping into the sig 
naling means circuit. The other electrode comprises 
the housing wall 43 of canister 40 which is formed of 
an electrically conductive metal. Signaling means hous 
ing 44 is fitted with an electrically conductive finger 45 
in electrical communication with housing wall 43. Fin 
ger 45 is connected to the same portion of the circuit 
of the signaling means as one of the electrode probes 
22 or 23 in F.G. 2. A coating 46 of the type set forth 
above is deposited on the surface of electrode 42. 
As set forth above, the canisters may serve as the 

base for mounting the signaling means of the present 
invention by drilling a hole in the canister wall and 
mounting at least one electrode to project into the acti 
wated charcoal compartment. However, other electri 
cally conductive media may be used in place of acti 
wated charcoal, such as untreated carbon granules or 
metal particles. These would suffer from the disadvan 
tage that they would not perform the sorbent function 
described above. 
The foregoing alarm system is illustrated with the 

electrode projecting through the side of the canister. It 
should be understood that such electrodes could also 
project through other portions of the canister housing 
as long as activated charcoal or other electrically con 
ductive medium is disposed between electrodes. 
The foregoing description relates to a chemical filter 

breathing apparatus of the chin canister type. However, 
it should be understood that the invention is applicable 
to larger canisters of both front- and back-mounted 
types. An audio alarm system is particularly beneficial 
for the chin-type or back-mounted canister because of 
the difficulty for the wearer of the gas mask to detect 
the visual warning signal. 
When the alarm system is used in conjunction with a 

chemical filter breathing apparatus, it serves to warn 
the wearer of dangerously high levels of toxic gases be 
yond the capacity of the breathing apparatus. The 
exact threshold level of toxic gases which will trigger 
the present alarm system can be adjusted in the electri 
cal circuitry and by the type and thickness of the poly 
mer coating. 
The above electrically actuated safety alarm system 

is described in terms of signaling means attached to a 
canister of a chemical filter breathing apparatus. The 
invention in its broadest aspect includes the use of the 
alarm system independently of the chemical filter 
breathing apparatus. In this case, of course, no face 
mask or passageway to the same is required. Instead, a 
simple container which may be of the canister type 
used in the breathing apparatus may be either indepen 
dently constructed or the facemask portion removed 
from the breathing apparatus. Also, a container of a 
different type from the above canister, such as de 
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scribed with respect to FIG. 5, may be used. Otherwise, 
the alarm system operates on the same principle de 
scribed above. 
Referring to FIG. 5, another embodiment of the in 

vention of the general type set forth in FIG. 4, is illus- 5 
trated in compact form particularly suitable for use in 
limited space such as a flue or gas conduit or the like. 
It comprises a perforate tubular cylindrical container 
50 formed of an electrically conductive material such 
as a copper mesh screen. Electrode 51 extends into ac 
tivated charcoal layer 52 and is rigidly mounted to con 
tainer 50 with a layer 53 of a suitable electrically insu 
lating adhesive such as epoxy resin as set forth above. 
Container 50 forms the other electrode. Signaling 
means is provided of the type set forth above and in 
cludes a housing 54. Electrical leads 56 and 57 connect 
and are attached to electrode 51 and container 54, re 
spectively, to provide communication with the appro 
priate portion of the circuit in housing 54. A coating 58 
of the type set forth above is deposited on the surface 20 
of electrode 5. 
The embodiment of FIG. 5 is well adapted to place 

ment in a conduit of flowing gas. The signaling means 
is remote from the conduit as in a central control panel. 
Also, the open mesh of container 50 exposes the chem- 25 
ical component of the system to the flowing gas more 
rapidly than in the generally solid canister. Further 
more, the container sizing can be small enough, (e.g., 
1 inch diameter by 6 inch length) to fit in a confined 
space. 
An independent alarm system of the foregoing type 

may be installed in any environment of potential toxic 
gas presence where people might gather or be near so 
that it could cause a serious health hazard. It can be 
used to warn of a sudden massive leak or production of 35 
toxic gases to warn people to leave the area. For exam 
ple, it could be employed in flue gas waste stacks, 
chemical plants, coal mines, pulp and paper mills, or 
the like. An audio alarm system is particularly effective 
to provide a warning in this type of environment. The 
alarm system could also be attached to the interior of 
tanker trucks which transport large amounts of toxic 
fluids. In the event of an unexpected leak or spill of the 
fluid, the driver would be alerted by the audio signal of 
the alarm system. 45 

It should be understood that it may require either a 
longer time or a higher concentration of toxic gases to 
activate the independent alarm system than would be 
required to activate the alarm system utilized in con 
junction with the chemical filter breathing apparatus. 
This is because in the latter case the air and toxic gases 
are rapidly drawn past the chemical means for generat 
ing heat during lung inflation. This is to be contrasted 
with the stationary independent container, say, 
mounted upon a wall of a chemical plant in which the 
toxic gases in relatively stagnant air permeate the con 
tainer. 
To decrease the response time of the above indepen 

dent alarm system in a stagnant atmosphere, an aspira 
tor bulb or a pump can be used to draw the surrounding 
air (which may contain toxic gas) into the canister. For 
example, a small four-cylinder electric pump is capable 
of drawing a 1 percent toxic gas in air mixture into the 
canister at a rate of 4 liters per minute. 
The alarm system of the present invention is particu 

larly economical because it can be utilized in conjunc 
tion with a canister for a conventional gas mask as of 
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8 
the type manufactured by MSA. For example, in a dual 
electrode system, the electrodes are mounted to the 
canister wall to contact the signaling means. Alterna 
tively, in a single electrode system, only one electrode 
probe is mounted in the canister wall since the other 
electrode is provided by the canister wall itself. 
Whether the alarm system is used alone or in conjunc 
tion with the chemical filter breathing apparatus, the 
signaling means may be readily mounted to a conven 
tional canister used in such apparatus. Also, the other 
types of containers as described above are inexpensive 
to construct. Similarly, after the alarm system is trig 
gered, the signaling means can be removed from the 
used canister and is reusable with fresh containers. 

In order to more clearly disclose the nature of the 
present invention, specific examples of its practice are 
herein given. It should be understood, however, that 
this is done by way of example and is not intended to 
limit the scope of the appended claims. 

EXAMPLE 1. 

The suitability of the alarm system to detect the pres 
ence of threshold levels of sulfur dioxide was tested. A 
conventional copper probe was used as the electrode. 
A coating of polyvinyl pyridine was formed on the 
probe by the following technique. The probe was 
dipped into a chloroform solution containing 10 per 
cent by weight of polyvinyl pyridine together with 5 
percent by weight of slightly crosslinked fine polyvinyl 
pyridine particles (100 mesh). The purpose of using the 
crosslinked particles was to form a roughened textured 
coating. Activated charcoal of granules at a size of 
8-12 mesh was deposited in an electrically conducting 
metal cylinder or canister to form a bed with a height 
of about 4 inches and a diameter of about 1 inch. The 
coated electrode probe was embedded into the center 
of the charcoal bed. The roughened texture on the 
probe provided good physical contact between the 
coating and granules. 
An air stream containing 1000 ppm of anhydrous sul 

fur dioxide was passed through the above bed at a rate 
of about 4 liters of airper minute at room temperature. 
The following table illustrates the electrical resistance 
between the canister ground electrode and the copper 
probe through the charcoal bed in two different runs. 

TABLE 1. 

Run Run 2 
Time Resistance Time Resistance 
(minutes) (ohms) (minutes) (ohms) 

O.O 1.0 x Oo 0.0 1.0 x 100 
4.0 Ox OS 3.0 3.0 x 10 
4.5. 2.0 x 0. 5.0 9.0 x 10 
6.5 1.3 x 10 8.0 2.0 x 10 
7.0 1.0 x 10 10,0 1.5 x 0. 

It is apparent from the foregoing that within three to 
ten minutes the electrical resistance dropped many or 
ders of magnitude as a result of the formation of qua 
ternary ammonium salts at the nitrogen atom sites of 
the coating by chemical reaction with the sulfur diox 
ide. 

EXAMPLE 2 

A copper probe was coated with polyvinyl pyridine 
as described above. It was inserted from the top of a 
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commercial activated charcoal gas mask canister desig 
nated GMA as manufactured by Mine Safety Appli 
ances Co., into the top layer of charcoal. The canister 
served as the ground for the electrical circuit. 
Air including 1000 ppm of sulfur dioxide at 75 per 

cent relative humidity was passed through the canister 
at a breathing rate of 25 liters of airper minute at room 
temperature. The ohmic resistance as a function of 
time is set forth in the following table. 

TABLE 2 

Time (minutes) Resistance (ohms) 

0.0 1.0 x 1010 
10.0 OX100 
1.5 3.0 x 07 

13.0 40 x 108 
15.0 15 x 106 
16.0 1.0 x 108 
17.0 6.0 x 105 
18.0 1.0 x 105 
19.0 4.0 x 0. 
20.0 3.0 x 10 

EXAMPLE 3 

A copper probe was coated by being dipped twice 
into a chloroform solution containing 10 percent by 
weight of polyvinyl pyridine plus 10 percent by weight 
of crosslinked polyvinyl pyridine particles sized at 200 
mesh. Activated charcoal granules at a size of 8-12 
mesh were deposited as a bed measuring five inches 
high in a one inch diameter copper mesh screen con 
tainer. The coated probe was embedded into the center 
of the activated charcoal bed. The copper probe elec 
trode and the copper cylindrical screen, serving as the 
other electrode, were connected to a battery-operated 
transistorized audio/visual alarm system of the type de 
scribed herein. 
Air stream containing 1.5 percent by weight of sulfur 

dioxide was passed at the rate of 15 liters per minute 
in a one foot square duct through the bed. Ohmic resis 
tance of the sensor probe was measured as a function 
of time in the below table. 

TABLE 3 

Run 1 Run 2 
Time Resistance Time Resistance 
(minutes) (ohms) (minutes) (ohms) 

0.0 1.0 x 1010 0.0 1.0 x 100 
3.0 O x 108 4.0 1.0 x 108 
4.0 3.0 x 105 5.0 7.0 x 106 
5.0 1.0 x 105 6.0 Ox O. 
6.0 2.0 x 10 7.0 6.0 x 10 

8.0 2.0 x 10 

The above alarm system was tested with the same gas 
at a temperature of 110°C. The ohmic resistance de 
creased from about 1.0 X 10 ohms to about 4.0 x 10 
ohms after 2 minutes exposure to the hot sulfur diox 
ide-laden air. 

EXAMPLE 4 

A copper probe was coated as described in Example 
3. The polymer coated probe was inserted into the top 
of an industrial sized charcoal containing gas mask can 
ister of the type manufactured by Mine Safety Appli 
ances. The probe was embedded into the upper acti 
vated charcoal layer of the canister. The audio/visual 
alarm was mounted on the canister in a manner gener 
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ally set forth in the drawing except that it was disposed 
on the top wall of the canister. 
Air containing 1.5 percent sulfur dioxide at 50 per 

cent relative humidity was directed through the canis 
ter at a breathing rate of about 25 liters per minute at 
room temperature. Ohmic resistance between the 
probe and the canister was measured as a function of 
time in the below table. 

TABLE 4 

Run Run 2 
Time Resistance Time Resistance 
(minutes) (ohms) (minutes) (ohms) 

0.0 1.0 x 1010 0.0 1.0 x 1010 
20,0 1.0 x 100 20.0 1.0 x 1010 
22.0 4.0 x 105 25.0 5.0 x 106 
23.0 6.0 x 10 26.0 1.0 x 105 
24.0 5.0 x 03 26.5 3.0 x 108 
26.0 2.0 x 103 

EXAMPLE 5 

A copper probe was coated with polyvinyl pyridine 
in the manner set forth in Example 1 except that the 
crosslinked polyvinyl pyridine particles were present at 
5 percent by weight. Each polymer coated probe was 
embedded in a respiratory canister type GMC-SS-1 
manufactured by Mine Safety Appliances. 
Air at room temperature including about 1 percent 

by volume of anhydrous hydrogen sulfide gas was di 
rected through the canister at a breathing rate of about 
30 liters per minute. The ohmic resistance between the 
probe and the canister ground was recorded as a func 
tion of time of exposure. 

TABLE 5 

Time (minutes) Resistance (ohms) 

O.0 . 1.0 x 100 
45.0 9.0 x 108 
46.0 1.0 x 105 
47.0 4.0 x O' 
48.0 4.0 x 80 
49.0 2.7 x 10 
55.0 2.5 x 10 

EXAMPLE 6 

A copper probe was coated with polyvinyl pyridine 
in the manner set forth in Example 5. The probe was 
projected into the activated charcoal layer through the 
side of a respiratory canister type GMC-SS-1 manufac 
tured by Mine Safety Appliances. Air including 1 per 
cent hydrogen sulfide at 50 percent relative humidity 
was directed through the charcoal in the canister at a 
breathing rate of about 30 liters per minute. Ohmic re 
sistance as a function of time was measured in the fol 
lowing table. 

TABLE 6 

Time (minutes) Resistance (ohms) 

0.0 .0 x 100 
15.0 9.0 x 108 
6.0 8.0 x 10 
17.0 6.5 x 10' 
19.O 5.0 x 10 
21.0 1.0 x 10 
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EXAMPLE 7 

A copper probe was coated with polyvinyl amine 
from a 10 percent solution of a volatile organic solvent, 
chloroform. The probe was then placed into the canis 
ter of the type set forth in Example 6. Air including 1 
percent by volume of hydrogen sulfide at 50 percent 
relative humidity was passed at a breathing rate of 30 
liters per minute into the canister. Probe resistance as 
a function of time is set forth in the following table. 

TABLE 7 

Time (minutes) Resistance (ohms) 

O.O 1.0 x 1010 
15.0 1.0 x 1010 
20.0 6.0 x 108 
22.0 15 x 103 
23.0 8.0 x 10 
24.0 1.0 x 104 
25.0 3.3 x 10 

EXAMPLE 8 

A copper probe was coated with a linear copolymer 
of 4-vinylpyridine and styrene at a ratio of 75 percent 
by weight of the former to 25 percent by weight of the 
latter in a chloroform solution at room temperature. 
The poly 4-vinylpyridine-styrene coated probe was in 
serted into the activated charcoal layer of the canister 
of the type set forth in Example 6. Air including 1 per 
cent by volume of hydrogen sulfide at 50 percent rela 
tive humidity was passed into the canister at a rate of 
32 liters per minute. The probe resistance as a function 
of time is set forth in the following table. 

TABLE 8 

Time (minutes) Resistance (ohms) 

x 1010 0.0 1.0 
6.0 1.0 x 1010 

17.0 8.0 x 108 
20.0 3.0 x 108 
22.0 4.0 x 10 
24.0 1.9 x O. 
28.0 O.9 x O. 

EXAMPLE 9 

The apparatus of Example 8 was used with the excep 
tion that the polymer was formed by coating a copper 
probe in a 10 percent by weight solution of linear poly 
(para-amino styrene) in chloroform at room tempera 
ture. Air including 1 percent by volume of hydrogen 
sulfide at 50 percent relative humidity was passed at a 
breathing rate of about 30 liters per minute into the 
canister. Probe resistance as a function of time is set 
forth in the following table. 

TABLE 9 

Time (minutes) Resistance (ohms) 

0.0 1.0 x 1010 
18.0 1.0 x 1010 
23.0 2.0 x 10 
24.0 2.0 x 105 
25.0 , 4.0 x 10 
28.0 3.0 x 10 
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EXAMPLE O 

A copper probe was dipped once into the coating so 
lution containing 10 percent by weight of the poly-4- 
vinylpyridine, 5 percent by weight of crosslinked poly 
vinyl pyridine, and 5 percent by weight of a high molec 
ular weight polyester benzoate plasticizer in chloro 
form at room temperature. The plasticized coated 
probe was inserted through the top of a respiratory can 
ister type GMA manufactured by Mine Safety Appli 
ances containing activated charcoal only. Air including 
500 ppm of methyl bromide at 70 percent relative hu 
midity was passed through the canister at a breathing 
rate of about 20 liters per minute. Probe resistance as 
a function of time is set forth in the following table. 

TABLE 10 

Time (minutes) Resistance (ohms) 

0.0 .0 x 1010 
15.0 1.0 x 1010 
6.0 3.0 x 108 
18.0 .0 x 108 
250 .0 x 107 
30.0 7.5 x 06 

EXAMPLE 11 

The coating solution of Example 10 was used to coat 
the polymer with the exception that the plasticizer was 
eliminated. The same type of canister was utilized with 
1 percent by volume of methyl bromide. The breathing 
rate was increased to 32 liters per minute. During 
breathing, the canister was intermittently tapped in 
order to insure good electrical contact between the ac 
tivated charcoal granules and the probe. Resistance as 
a function of time is set forth in the following table. 

TABLE 1. 

Time (minutes) Resistance (ohms) 

0.0 1.0 x 1010 
10.0 1.0 x 109 
14.0 1.0 x 109 
19.0 15 x 07 
25.0 1.0 x 10 
28.0 4.0 x 0. 

EXAMPLE 12 

Apparatus using the canister of Example 1 1 was uti 
lized. In this case, not only was the copper probe 
coated with the polymer but also a copper screen sepa 
rator which divides sorbent layers of activated charcoal 
within the canister was coated with the same polymer. 
The screen measured 6% inches in length by 3% inches 
in width. The periphery of the polymer-coated screen 
was covered with an electrical insulator, cotton, to pre 
vent short-circuiting with the metal canister. The re 
suits of passing the same gas through the system were 
similar to the foregoing ones except that the resistance 
was slightly higher throughout the run. 

EXAMPLE 3 

A copper probe was dipped into a solution containing 
10 percent linear poly (4-vinylpyridine) in chloroform 
in the absence of plasticizer. The coated probe was in 
Serted through the top of an activated charcoal con 
tainer respiratory container, type GMA manufactured 
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by Mine Safety Appliances Co. The wall of the canister 
served as the ground electrode. Air including 2 percent 
methyl chloride was directed through the canister at a 
breathing rate of about 25 liters per minute. The canis 
ter was tapped gently to insure good electrical contact 
between the charcoal granules and the polymer coat 
ing. Ohmic resistance as a function of time is set forth 
in the following table. 

TABLE 12 

Time (minutes) Resistance (ohms) 

O.O O x 1010 
5.0 O x 109 

21.0 4.0 x 108 
26.0 3.0 x 108 
30.0 1.0 x 10 

EXAMPLE 1.4 

A copper probe was coated with polyvinyl pyridine 
in the manner set forth in Example 1. The coated probe 
was inserted through the wall of the canister of an acti 
vated charcoal respiratory canister, type GMA manu 
factured by Mine Safety Appliances Co. Air including 
1 percent by volume of methyl bromide at 50 percent 
relative humidity was permitted to pass through the 
canister for about 20 minutes. 
The ohmic resistance of the probe within the canister 

as a function of shelf-life is illustrated in the following 
table. 

TABLE 13 

Time (days) Resistance (ohms) 

O 1.0 x 100 
9.0 x 10 

2 2.0 x 10 
4. 5.0 x 105 

The above experiment illustrates that probe resis 
tance declines with canister shelf-life or residence time 
of methyl bromide absorbed on activated charcoal. The 
methyl bromide tends to desorb and migrate through 
the activated charcoal layer within the canister. 

EXAMPLE 1.5 

A polyvinyl pyridine-coated probe was inseried into 
an activated charcoal layer as set forth under Example 
1. In successive experiments, the probe was exposed to 
high concentrations of sulfur dioxide, methyl bromide, 
ethyl bromide, and hydrogen sulfide in humidified air 
at about 50 percent relative humidity at room tempera 
ture. In each case, within about 6 minutes of exposure 
time, the resistance dropped many orders of magni 
tude, from 10 ohms to about 10 ohms. 
When the above experiments were repeated with the 

same vapors heated to 80°C, the resistance dropped 
more rapidly. It is believed this is due to an acceleration 
of the quaternization reaction at higher temperatures. 
The above experimental result held true at the same 

high concentration with the following substitutes for 
polyvinyl pyridine for polymer coatings: polyvinyl 
amines; copolymers of 4-vinyl pyridine and styrene; 
poly (para-aminostyrene); and poly (4-vinyl piperi 
dine). 
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4. 

EXAyi PE 6 

A number of different uns using an electrode probe 
system of the type set forth generally in Example 1 with 
polymer coatings including polyvinyl pyridine, poly (4- 
amino styrene), and polyvinyl amine perform with ex 
posure to 0.5-2.0 percent by volume of the following 
acidic gaseous contaminants in air at 50 percent rela 
tive humidity: formic acid, chromic acid spray, acetic 
acid, chloroacetic acid, nitrous acid, nitric acid, hydro 
gen seienide, yirogen cyanide, hydrogen fluoride, and 
hydrochloric acid. 

In each case electrical resistance had dropped by at 
least 2 to 3 orders of magnitude (e.g., at least 100 to 
1000 times) after several minutes of exposure to room 
temperature. This illustrates a rapid quaternization re 
action rendering the above coatings suitable for use in 
the above alarm systern in the presence of the above 
acid gases. 

I claim: 
i. in an electrically actuated safety alarm system for 

detecting and signaling the presence of a selected 
threshold level of predetermined toxic gases, a con 
tainer; electrode ineans in the form of spaced apart 
electrodes; and electrically conductive medium dis 
posed in said container between said spaced apart elec 
rodes; a coating on at least one of the electrodes dis 
posed in the region of said electrically conductive me 
dium and comprising a basic nitrogen atom-containing 
polymer of high electrical resistance capable of react 
ing with a threshold level of predetermined toxic gases 
selected from the group consisting of acids and Lewis 
acids to for in sufficient electrolytic quaternary ammo 
nium salt groups in the polymer to substantially reduce 
said electrical resistance, and signaling means con 
nected in series with the electrodes and including 
means for generating a signal responsive to the reduced 
electrical resistance. 

2. An alarm system as in claim i in which said poly 
mer is selected from the group consisting of polyvinyl 
pyridine, polyvinyl amine and substituted amines, 
aminostyrene polyner, polyvinyl piperidine, and co 
polymers and mixtures of the same. 

3. An alarm system as in claim 1 in which said signal 
ing means includes audible sound generating means. 

4. An alarm system as in claim in which said signal 
ing means includes a lamp. 

5. An alarm system as in claim in which said electri 
cally conductive medium comprises a layer of granular 
material in the container. 
6. An alarm system as in claim 5 in which said me 

dium comprises activated charcoal granules. 
7. An alarm systein as in claim a in which said elec 

trode means comprises an electrode probe extending 
into the electricaily conductive layer and body with the 
electrically conductive layer disposed in the body. 

8. An alarm system as in claim in which said elec 
trode means is in the form of one electrode extending 
into the electrically conductive layer and the other 
electrode is a screen. 

9. An alarm system as in claim 1 in which said elec 
trodes comprise two spaced apart probes extending 
into the electrically conductive layer. 

10. An alarm system as in claim in which said sig 
naling means is detachable from said container. 

11. in a chemical filter breathing apparatus with elec 
trically actuated safety alarm system for detecting and 
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signaling the presence of a selected threshold level of 
predetermined toxic gases, a facemask, a container 
with a gas passageway between the surroundings and 
the facemask, electrode means in the form of spaced 
apart electrodes; electrically conductive medium dis 
posed in said container between said spaced apart elec 
trodes; a coating on at least one of the electrodes dis 
posed in the region of said electrically conductive me 
dium and comprising a basic nitrogen atom-containing 
polymer of high electrical resistance capable of react 
ing with a threshold level of toxic gas selected from the 
group consisting of acids and Lewis acids to form suffi 
cient electrolytic quaternary ammonium salt groups to 
substantially reduce said electrical resistance; signaling 
means connected in series with the electrodes and in 
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6 
cluding means for generating a signal responsive to the 
reduced electrical resistance. 

12. A chemical filter breathing apparatus as in claim 
11 in which said polymer is selected from the group 
consisting of polyvinyl pyridine, polyvinyl amine and 
substituted amines, amino styrene polymer, polyvinyl 
piperidine, and copolymers thereof with each other and 
with other monomers. 

13. A chemical filter breathing apparatus as in claim 
1 in which said signaling means includes audible 

sound generating means. 
14. A chemical filter breathing apparatus as in claim 

11 in which said electrically conductive medium com 
prises a layer of activated charcoal granules. 
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