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6 Claims.

My invention relates to an apparatus for de-
tecting the presence of and/or removing toxic
gases in and from the ambient atmosphere.

The requirements of military and naval poison-
ous gas detecting devices are particularly drastic.
Doubt as to the kind of gas used and as to its
degree of deadliness and persistence imposes a
heavy burden on military forces causing them to
take extreme precautions and, if they be careless
or mistaken in their conclusions, often results in
large and unwarranted casualties. . A miliary gas
detecting device, if it is to be of any marked
utility, must therefore be able to differentiate be-
tween persistent and non-persistent agents ; and

between toxic gases and non-toxic gases used:

to deceive the enemy as to the intentionsof a mil-
itary commander. Such a device furthermore
must be rapid in response and be capable of indi-
cating small concentrations of dangerous gases.
This latter feature is of extreme importance since
men subjected to one part of mustard gas in a
million parts of air for one hour will be casual-
ties. One part of phosgene to two hundred thou-
sand parts of air will kill men in an hour. One
part in ten thousand of chlorine will also produce
death in an hour. One inhalation of air con-
taining a high concentration of hydroeyanic acid
may be fatal. Two parts in g thousand of car-
bon monoxide for an hour may also be fatal.
The concentration of Lewisite hecessary to pro-

duce a casualty is about the same as mustard

gas. .
Various means have been employed heretofore
for detecting thie presence of toxic gases. Spec-
trum analysis has been utilized by heating the
gases in a flame or electric arc, a photo-electric
cell serving as an indicating means in the analy-
sis. Such an analysis, however, requires exten-
sive equipment for its performance. A less pre-
tentious and less sensitive means consist in the
use of litmus paper which changes in color by rea-
son of the acid nature of these gases. Lethal
concentrations, however, may be present before
such devices will operate. : '

The formation of precipitates by chemical com-
position of the gases with solutions has been used
in the past. Of particular note in this connec-
tion is the cuprous chloride carbon monoxide pre-
- cipitate test. Such tests require considerable
time for their performance, - .

The change in electrical conductivity of water

or an aqueous solution when carbon dioxide is

absorbed therein because of the formation of car-

bonic acid with attendant ionization has also been
‘used. Due to the low solubllity of certain toxic
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gases such as, for example, carbon monoxide and
certain of the halogen compounds this method
has not been practical in their detection.

In carrying out Jny invention the gas whose
presence it is desired to detect is treated in g
manner to be described and after treatment is
supplied to a medium whose electrical conductivity
it is now capable of altering. Any change in elee-
trical conductivity of the medium is noted and
thus serves to indicate the presence of the gas.
The treatment of the gas may be such as not to
change its chemical composition but yet render it
capable of altering the electrical conductivity of
the medium or it may change the gas to that of a
different chemical composition, which latter gas
is capable of altering the electrical conductivity
of the registering medium. This method of
treatment which forms the basis of my invention
may also be advantageously employed in the se-
lective detection of 'a plurality of gases. .

With the foregoing preliminary discussion in
view, it is an object of my invention to provide an
apparatus for detecting the presence of a toxic or
non-toxic gas that will not only detect the pres-
ence of small concentrations of the same but will
detect it quickly and expeditiously.

It is another object of my invention to provide
an apparatus which will satisfy the requirements
of g military gas detecting apparatus.

It is another and further object of my invention
_to provide an apparatus which is operable to

effectively remove toxic gas or gases from the sm-
bient atmosphere.

It is another and further object of my invention
to provide an apparatus for detecting the pres-
ence of a plurality of toxic and/or non-toxic gases
or the presence of one of a plurality of toxic
and/or non-toxic gases that is selective in its op-
eration and which by reason of its selectivity will
definitely identify any of the aforesaid gas or
gases and advise the observer of their presence.

Other objects and many of the attendant ad-
vantages of this invention will be readily appre-
ciated as the same becomes better understood by
reference to the following description when con- -
sidered in connection with the accompanying
drawing wherein:

Fig. 1 shows diagrammatically one embodiment
of my invention for detecting the presence of a
gas; and ]

‘Fig. 2, a still further embodiment of the instant ‘
invention for detecting the presence of and/or
removing toxic and/or non-toxic gas or ‘gases

eration,

- and which for this purpose.is selective in its op-
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Turning now to Fig. 1 of the drawing there is
shown depicted therein at { a supply container
for the fluid medium 2 whose electrical conduc-
tivity is to be altered by any gas or gases ab-
sorbed therein. A valve 3 serves as a means for
replenishing the fluid 2 in the supply container
and a conduit 4 supplies the fluid medium 2 to a
second container 5 into which the gas to be ana-

lyzed is introduced in a manner which wil] be -

explained subsequently. A second conduit 6 of
glass or any other suitable insulating material
is connected to the container 5 as shown and
carries off therefrom the fluid medium 2 which
may have been ionized by any gas or gases dis-
solved therein. It is thus evident that under

- operating conditions there is a continuous flow
of the fluid medium from the container | through
conduit 4 into the container 5; and from thence
through the conduit 6 to a sump tank or other
convenient place of discharge. When the ap-
paratus is not in use, flow of any fluid medium
from the tanks {-and § is effectively prevented by
means of the valves T and 8. These valves also
serve to adjust the rate of flow of the fluid me-
dium. The conduits 4 and 6 and the rate of flow
of the fluid medium are respectively designed and
adjusted such that a small quantity of the fluid
medium 2 will be in the container 5 at all times
in order that as high a concentration of the ion-
ized medium as possible may be obtained with the
small amounts of gas forming or contained in the
gaseous fluid to be analyzed. A release valve 9
of any suitable design is positioned as shown to
assist in the removal of any gas from the con-
tainer 5 when the pressure thereof reaches a
predetermined value. The pressure of the gas
in the container 5, however, is not critical and
may be determined in any convenient manner
as by mounting a conventional pressure gauge
on the container. .

The fluid medium 2 is chosen such that its
electrical conductivity will be altered by the ab-
sorption of any gas therein whose presence it
is desired to detect. The fluid medium may,
for example, be water or a solution of water
and alcohol, or any other aqueous solution or
convenient medium which changes its resistance
upon absorption therein of the gas or gases to
be detected.

For supplying the gas or air to be analyzed
to the container 5, there is provided a pump
10 of any convenient design and a conduit I
connecting the pump 10 to the container 5 in
the manner shown. This conduit {1 has an en-
larged portion 12 for housing a heating unit
identified in general by the reference character
i3 which will be described more in detail here-
inafter. When the valve H4 is in an open po-
sition the gas to be analyzed is supplied by the
pump 10 through the conduit {1 to the fluid
medium 2 within the container 5. The gas so
supplied is absorbed in the fluid medium 2 where
it increases the electrical conductivity of the said
medium.

Any increase in electrical conductivity of the
fluid medium is detected by an amplifying in-
dicator unit which is identified in general by
the reference character §5. This unit includes
two electrodes 16 and 171 which are positioned
within the insulating conduit § in the manner
shown. ‘Thus short circuiting of the electrodes
by the conduit is effectively prevented. For most
efficient operating conditions the amount of the
fluid medium 2 between the electrodes {6 and
17 should be as small as possible but- the elec-
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trodes should be spaced as far apart as practi-
cable. The electrodes 16 and 1T are connected
to the ends of a resistance 18 of suitable value,
any convenient source of electromotive force 19
being interposed between the electrode 17_and
the resistance I8 as shown.. A second source

" of electromotive force 20 of suitable value serves
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to impress a negative bias on the grid 21 of the
space discharge device 22. To the anode 23 and
thermionic cathode 24 of this device there are
connected a pair of ear phones 25 and an alter-
nating source of electromotive force 26. If now
the electrical conductivity of the fluid medium
2 ig increased due.to the absorption of any gas
therein there will be a current flow or an in-
crease in current flow through the resistance
8. This will have the effect of decreasing the
negative bias impressed upon the grid 24 and
will result in either a current flow in the plate
circuit or an increase of current flow therein.
Any current flow in the plate circuit is de-
tected by the ear phones which will present to the
operator an intermittent audible sound. While
I have shown for illustrative purposes a pair of
ear phones in the plate circuit to serve as a de-
tecting or indicating means I do not desire ‘to
be restricted thereto. It is within the purview
of my invention to employ any suitable indi-
cating means -known to the prior art in the
plate circuit and any suitable source of electro-
motive force for energizing the same. Thus, for
example, instead of the ear phones 25 there
could be conveniently substituted therefor a
milliammeter and for the alternafing current
source of electromotive force 26 a direct source of
electromotive force. .

Toxic and non-toxic gases are not often ina
state such that they can be readily absorbed
by .fluid mediums such, for example, as water.
It is usually possible to treat these gases, how-
ever, so that they are capable of being readily
absorbed with attendant hydrolysis by the ap-
plication of radiant energy which may be ‘in
the form of heat or light. Thus, mustard gas
decomposes readily at above 150° C.; and car-

.bon monoxide gas combines with the oxygen of

the ambient atmosphere to form carbon dioxide
at a somewhat higher temperature.

For treating the gas to be analyzed such that
the gas either in its original or chemically al-
tered state may be readily soluble in a fluid me-
dium in which it would otherwise not be solu-
ble, I have provided a heating unit 13 to which
brief reference was made hereinbefore. This
heating unit includes a porous, heat refractory
but heat conducting member 27 of glass, for ex-
ample, suitably supported in the enlarged por-
tion 12 of the conduit |1 and surrounded by &
resistance coil 28 which in turn is energized by
any convenient source of electromotive force 29.
1t will be observed that the refractory member
21 in addition to its porosity is of substantial mass. -
This construction has been made necessary due

to the fact that the time of passage of the gas

through the heating zone is necessarily brief and

by making the member 21 porous and of sub-

stantial mass the proper heating of the gas is

thereby insured. ' .

The design of the heating nnit may be better
understood by considering the amount of heat
it would have to supply in order to heat a pre-.
determined quantity of air to a hydrolyzing tem-
perature or temperature of chemical decompesi-
tion of the gas to be tested. Let it be assumed
that one liter of air.containing one millionth
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pait of mustard gas ang. cbnslderable water va-
por is to be forced into the apparatus per sec-

ond by the pump 8. Since one liter of air weighs'

1.293 grams and the specific heat of air is 0.242
it will require a little more than 0.3 calory to raise
the temperature of this liter of air 1° C. If the
air is pumped into the apparatus at an ambient
temperature of 30° C. and it is desired to raise
the temperature of the air to above 150° C. in
order to effect hydrolyzation of the mustard gas
in the fluid medium 2, at least 37.5 calories of
heat are required from the heating unit (3 each
second. Since one watt generates 0.24 calory per
second it will be necessary for the heating unit
to have a power rating of at least 150 watts. if,
now the source of electromotive force 29 is as-
sumed to have a value of 100 volts, the resistance
28 can be no greater than 6624 ohms if the cur-
rent through the resistance is to be 1.5 amperes.
Under certain circumstances this amount of
power, namely 150 watts, may not be available
in the field. Where thig is the case a flame or
any other heating means known to the prior art
may be used to impart to the refractory member
21. If now one liter of air is forced through this
apparatus per second the weight of the air in
100 seconds would be 129.3 grams and the weight
of the mustard gas would be 0.000129 gram. Such
3 quantity of hydrolyzed or chemically decom-
posed mustard gas would produce marked changes
in the electrical conductivity of the fluid medium
2, which change would be readily detectable by
the amplifying indicator unit 5.

For illustrating the mode of operation of my
‘apparatus it will be assumed that the atmos-
bhere to be analyzed is free from carbon dioxide
but contains, unknown to the operator, mustard
gas. Such conditions, for example, might obtain
in a mustard gas factory where it becomes nec-
essary to furnish suitable gas detecting means to
insure the safety of the operating personnel. Be-
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fore supplying the atmosphere to the apparatus -

for analysis the valves T and 8 are adjusted so
that a predetermined fiow of the fluid medium
2 from the container 1 through the conduit 4,
container § and conduit 8 is established. With a
continuous flow of the fAuid medium 2 it is pos-
sible to analyze portions of the atmcesphere from
time to time and also make certain that the fluid
medium 2 with any absorbed gas is supplied to
the conduit & for detecting operations. The tem-
perature of the ambient atmosphere is next as-
certained so that the operator will know what
value of current it will be necessary to supply to

the resistance coil 28 so that any mustard gas

in the atmosphere will be heated to its hydrolyza-
tion or decomposition temperature. After ad-
Justing the source of electromotive force 29 to a

value such that it will cause the necessary cur--

rent to flow through the resistance 2§ the pump
i@ is set in operation. The mustard gas in the

atmosphere as it is forced through the porous .

member 27 is heated to its hydrolyzation tem-
perature and enters into the fluid medium 2,
which may be water, where it is absorbed. The
absorption of this gas causes an increase in the
electrical conductivity of the mmedium 2 which,
when a column thereof is interposed between the
electrodes I6 and i7, results in a current flow or
an increase in current flow through the resist-
ance {8. This in turn causes a decrease in the
negative bias impressed on the grid 21 with at-
tendant current flow or increase in current flow
in the plate circuit of the space discharge device
22. The earphones 25 thereupon advise the op-

3

erator of the change in electrical conductivity
of the fluld medium 2 and thus detect the pres-
ence of the mustard gas.

For getecting the presence of carbon monoxide
in the atmosphere the portion thereof to be ana-
lyzed is first freed from any carbon dioxide. This
may be accomplished in any suitable manner, as
by passing the portion of the atmosphere under
analysis through a solution of lime water. The
heating unit {3 is readjusted such that it will
furnish a temperature sufficient to convert any
carbon monoxide in the atmosphere t6 carbon
dioxide which is soluble in the ‘medium 2. The
atmosphere free from any carbon dioxide is then
supplied to the apparatus in the manner previ-
ously described herein and the carbon monoxide
converted to carbon dioxide which is then passed
into solution with the fluid medium 2. The
change of electrical conductivity attending the
absorption of this gas is then detected by the
amplifying indicator unit 18 in a manner previ-
ously described to thus advise the operator of the
presence of carbon monoxide in the ambient at-
mosphere.

A large number of gases of low toxicity such
as carbon. dioxide, ammonia and Jow but harm-
less concentrations of chlorine will operate the
apparatus of Fig. 1. Hence, it is desirable under
certain circumstances to first filter out harmless
gases Of gases present in harmless concentrations
before applying the toxic gas to the medium
whose electrical conductivity is to be altered by
the absorption thereof. Some of the highly toxic
gases such as, for example, Lewisite hydrolyze
readily. Furthermore, the melting points of these
geses are usually much higher than those of the
non-toxic gases and consequently their vapor
pressures are extremely low at low temperatures,
Thus, Lewisite melts at approximately —18° C.,
chlorine at —102° C., while carbon dioxide melts
at even a lower temperature.

In Fig. 2 there is illustrated an apparatus

. Which utilizes the foregoing properties of cer-
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tain of the toxic gases to selectively operate one
or more of a plurality of indicator units depend-
ing upon the nature of the gas supplied to the
apparatus for analysis. In this figure the ref-
erence character 88 identifies the supply con-
tainer for the fluid medium 31 whose electrical
conductivity is to be altered by the absorption of
a gas or gases to be analyzed. This fluid is sup-
plied to the container 30 by medns of g valve 32
and is conveyed by the conduit 33 to the main
supply conduit 34. Branch conduits 35, 38, 37
and 38 extend from the main supply conduit 38
to their respective containers .35, 36’, 37’ and
38’. The fluid 3! after passage through the con-
tainers 35, 36°, 31’, 38’ is carried off to a suit-
able sump tank or other convenient point by
means of the conduits 35’’, 86’/, 37"’ and 38°’.
Any change in the electrical conductivify of the
fluid medium 31 is detected by -amplifying indica-
tor units 39, 40, 41 and 42 associated respectively
with the conduits 35/, 36", 31"’ and 38’*. FEach
of these conduits, as is the embodiment of Fig. 1,
is made of glass or any other suitable insulating
material to prevent the short circuiting of the
indicator electrodes by the conduit. These am-
plifying indicator units are identical in construc-
tion with the one previously described and de-
picted in PFig, 1. It is to be chserved, however,
that any other means may be employed to indi-
cate any change in the electrical conductivity of
the fluid medium 31, In order to avoid. the build-

.ing up of any excessive gas pressure within the
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containers 38’, 36, 31’ and 38’ these containers
are provided respectively with release valves 43,
44, 45 and 46. Incidentally, the valve 43 may also
serve to supply the gaseous fluld for breathing
purposes after all toxic constituents have been
removed therefrom.

The fluid medium 3! here used is water but
it is evident that a solution of water and alcohol,
any other aqueous solution or any convenient
medium may be_employed which have the prop-
erty of changing their electrical conductivity upon

_the absorption of any gas therein. A pump 47 of
any convenient design supplies a portion of the
ambient atmosphere to be analyzed to the various
containers of the apparatus by means of the con-
duit 48. A portion of this atmosphere proceeds
via the conduit 49 into the container 37" beneath
the surface of the fluid medium 31. The fluid
medium or water 31 filters ot those gases which
hydrolyze readily . therein such as ammonia,
chlorine, carbon dioxide and Lewisite and per-
mits the mustard gas and the carfon monoxide
to pass therethrough. Any variation in the elec-
trical conductivity of the fluid medium 3{ within
the container 31’ is indicated by the amplifying
unit 41. It is to be observed at this point that
liquids other than water may be used where it is
"desired to filter out other gases. The atmospheric
constituents, namely oxygen, mustard gas and
carbon monoxide, which are not absorbed by the
fluid medium in the container 31’ proceed there-
from and enter the conduit 50. Before passing
into contact with the fluid medium 31 in the con-
tainer 36’, however, these constituents are heated
to the hydrolyzation temperature of mustard
gas by means of any suitable heating unit 5t

which may, for example, be identical with that.

shown in Fig. 1. Since the gaseous constituents
within the conduit 50 have been heated to the
hydrolyzation temperature of mustard gas,
namely to a temperature abovel50 C., any mus-
tard gas if present will be absorbed by the fluid
medium 31 within the container 36’ while any
oxygen or carbon monoxide will enter the conduit
§52. For heating the carbon monoxide to a tem-
perature such that it will be converted to carbon
dioxide in the presence of the oxygen, I have
shown for illustrative purposes a spark plug 53,
the electrodes of which are positioned within the
conduit 52 and which are energized by the sec-
ondary of a transformer 58, whose primary in
turn is energized by an alternating source of elec-
tromotive force 55. The carbon monoxide gas is
ignited by the spark across the spark gap of the
spark plug and changed to carbon dioxide which
in turn is dissolved in the liquid 31 of the con-
tainer 35, any change in electrical conductivity
of which is detected by the amplifying unit 39.
The ambient atmosphere, after the filtration
steps described, may be supplied by the valve
43 for breathing purposes if desired.
Simultaneously, with the passage of a portion
of the ambient atmosphere through the conduit
49 into the container 31’ another portion of the
atmosphere enters the branch conduit 56. A
 refrigerating unit including a coil 57 through
which there iz passed any. suitable refrigerant
known to the prior art and surrounding the con-
duit 59 serves to cool the gaseous fluid in the
conduit to a temperature at which any Lewisite
gas, if present therein, will condense. Any
chlorine, ammonia, and carbon dioxide if present
in the gaseous fluid, however, pass through the
conduit 56 and into contact with the fluid medium
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3l in the container 38’ where they change the
electrical conductivity of the medium 31 which
in turn is noted by the amplifying indicator
ynit 42. ’

That the foregoing apparatus will give a selec-
tive indication of the gases present in the ambient -
atmosphere will now be demonstrated. If the
indicator unit 39 operates but the units 40, 41
and 42 do not the ambient atmosphere contains
a gas which hydrolyzes at a temperature neces-
sary to convert carbon monoxide to carbon
dioxide. The unknown gas must therefore be
carbon monoxide. If, on the other hand, the
indicator unit 40 operates to the exclusion of all
other indicator units the unknown gas must be
mustard gas. If the units 41 and 42 alone oper-
ate and give equal indications the gas or gases

‘present are those of the low toxic group. If, on

the other hand, 41 operates to the exclusion of
all other units or if 41 and 42 operate to the
exclusion of all other units but give unequal in-
dications then it is known that Lewisite is pres-
ent in the ambient atmosphere.

By forcing large quantities of the gaseous me-

dium to be analyzed through the apparatus it is

possible to indicate extremely small concentra-
tions of toxic and/or non-toxic gases. While
tae foregoing embodiments of my invention em-
ploy among other detecting mediums, a fluid
medium such as water, it is to be emphasized
that any other fluid detecting medium may be em-
ployed so lonz as it has the p’roperty of changing
its resistance attending the absorption of any
gas or gases therein. '

According to the provisions of the patent stat-
utes I have set forth the principle and mode of
operation of my invention and have illustrated
and described what I now consider to represent
its best embodiments. However, I desire to have
it understood that witliin the scope of the ap-
pended claims the invention may bhe practiced
otherwise than as specifically illustrated and de-

. scribed. :

60

60

5

70

75

The invention herein described and claimed
may be used and/or manufactured by or for the
Government of the United States of America for
governmental purpeses without the payment of
any royalties thereon or therefor.

T claim:

1. A method of detecting the presence of mus-
tard gas in a gaseous mixture which comprises
the steps of heating the gas mixture to the hy-
drolization temperature of mustard gas, passing

‘the mixture in its heated state into solution with

an aqueous niedium whose electrical conductivit?'-
is altered t::ereby, and noting any change in the
electrical conductivity of the said medivm to
thereby detect the presence of the gas.

2. In an apparatus for detecting the presence
of any Lewisite, mustard gas, or carbon monoxide
in an ambient atmosphere, in combination, a
conduit supply means. for introducing said at-
mesphere into the apparatus, a first closed ab-
sorbing vessel arranged to contact a gas with a
liguid absorbent therein, first conduit means con-
nected with said conduit supply means and with
a lower portion of said first vessel, cooling means
associated with said first conduit means, a sec-
ond, a third, and a fourth similar closed ab-
sorbing vessel, each arranged to contact a gas
with a liquid absorbent therein, a second conduit
means connected with said conduit supply means
and with a lower portion of said second vessel, a
third conduit means connecting an upper portion
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of said second vessel and a lower portion of said
third vessel, heating means associated with said
third conduit means, a fourth conduit means con-
necting an upper portion of said third vessel and a
lower portion of said fourth vessel, - electrical
spark-producing means incorporated in said
fourth conduit means, individual means con-
nected to each of saiq four vessels and arranged
to drain a portion of said absorbent therefrom
while maintaining a body of liquid in said ves-
sels, and indicating means associated with each
of said individual liquid draining means for in-
dicating relative electrical conductivity of the
liquid drained therethrough.

3. In an apparatus for detecting the presence
of a toxic gas in the ambient atmosphere, in com-
bination, a conduit supply means for introducing
said atmosphere into the apparatus, a first closed
absorbing vessel arranged to contact a gas. with
a liquid absorbent therein, conduit means con-
nected with said conduit supply means and with
a lower portion of said first vessel, cooling means

“associated with said conduit means, a second
closed absorbing vessel arranged to.contact s
gas with a liquid absorbent therein, a second
conduit means connected with said conduit sup-

ply means and with a lower portion of sald sec- |
ond vessel, individual means connected to said

first and second vessels and arranged to drain a

portion of the absorbent therefrom while main-

taining a body of liquid absorbent .in each of

said vessels, and indicating means associated

with each of said individual means for indicat-

ing relative conductivity of the liquid drained
_ therethtrough. o .

4. In an apparatus for detecting the presence
of any mustard gas or carbon monoxide in the
ambient atmosphere, in combination, a conduit
supply means for introducing said atmosphere
into the apparatus, a first closed absorbing vessel
arranged to contact a gas with a liquid absorbent
therein, connected at a lower portion thereof to
said conduit supply means, a second similar
closed absorbing vessel, conduit means connect-
ing an upper portion of said first vessel and a
lower portion of said second vessel, heating means
assoclated with said conduit means, a third sim-
ilar closed absorbing vessel, conduit means con-
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taining a body of liquid in sald second and third

vessels, and indicating means associated with .
each liquid draining means for indicating rela-

tive electrical conductivity of the liquid drained

therethrough, :

5. In an apparatus for detecting the presence
of at least two gases in the ambient atmosphere,
in combination, a conduit supply means for in-
troducing sald atmosphere into the apparatus,
a first closed absorbing vessel arranged to con-
tact a gas with a liquid absorbent, connected at
a lower portion thereof to said conduit supply
means, a second similar closed absorbing vessel,
first conduit means connecting an upper por-
tion of said first vessel and a lower portion of
said second vessel, heating means associated
with. said first conduit means, s third similar

‘closed absorbing vessel, second .conduit means

connecting an upper portion of said second ves-
sel with-a lower portion of said third vessel,
spark-producing means incorporated in said .
second conduit means, individual means con-
nected to said second and third vessels arranged
to drain a portion of said absorbent therefrom
while maintaining a body of liquid in said sec-

- ond and third vessels, and indicating means asso-
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necting an upper portion of the second vessel .

.with a lower portion of the third vessel, heat-
ing means assoclated with said last named con-
duit means, individual means connected to the
second and third vessels arranged to drain a por-

50

tion of said absorbent therefrom while main- -

- clated with each said individual liquid drain-

ing means for indicating relative electrical con- -
ductivity of the liquid' drained therethrough.

6. In an apparatus for detecting the presence
of toxic gases in the ambient atmosphere, in
combination, a conduit supply means for intro-
ducing said atmosphere into the apparatus, a -
first closed absorbing vessel arranged to contact )
a2 gas with a liquid absorbent therein, a first
conduit connecting said conduit supply means
with a lower portion of said first vessel, cooling -
means associated with said first conduit, a sec-
ond similar closed absorbing vessel, s second con-
duit connecting said conduit supply means to a
lower portion of said second vessel, s third similar
closed absorbing vessel, a third conduit connect-
ing the upper portion of said second vessel to
the lower portion of said third vessel, heating
means associated with said third conduit, in-
dividual means connected to each of said three
vessels and arranged to drain a portion of the
liquid absorbent therefrom’ while maintaining a
body of said absorbent therein, and indicating

. means associated with each said individual drain-

ing means for indicating relative electrical con-

ductivity of the liquid drained therethrough.

" OLIVER T. FRANCIS.




