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This invention relates to polarographic units for sensing 
or measuring the presence of selected materials in fluids, 
both liquids and gases. 
Among the objects of the invention are the provision 

of means for reliably and rapidly detecting the presence 
of selected materials. Another object is to provide a 
novel unit capable of ready manufacture in compact 
form and operable in all attitudes. While the invention 
has applications to sensing other materials and in other 
fields, one of the objects of the invention is to provide an 
improved unit by which to detect the amount of oxygen 
in an atmosphere such, for example, as the atmosphere 
in an aviator's breathing mask. 

Other objects and advantages of the invention are ap 
parent in the following specification and the accompany 
ing drawing, in cross section, of a unit embodying the 
invention. 

it is to be understood that the embodiment selected 
for illustration in the drawing may be modified, and that 
other embodiments of the invention are possible without 
departing from the spirit of the invention and the scope 
of the appended claims. 

Certain of the objects of the invention are realized by 
the provision of two electrodes bridged by an electrolytic 
medium, one of the electrodes being interposed between 
the medium and the material to be measured and ar 
ranged to retain the medium while permitting passage to 
the medium of the substance, or a constituent thereof, to 
be measured. 
One advantage of the invention lies in the fact that it 

employs known polarographic principles in its operation. 
Selection of suitable materials for the electrolytic me 
dium and the electrodes is well within the skill of workers 
in the art. However, the employment of certain of these 
materiais provides added advantage in the invention and 
these will be described. 

in operation of the unit, the electrolytic medium pro 
vides for electron flow in the polarographic processes 
electro-reduction and electro-oxidation. In the case of 
oxygen detection these processes are described by the 
equations: 

When a continual indication is required, means are 
provided to insure availability of a continual supply of 
electrons. To this end and to a maintain the sensitivity 
and calibration of the unit for extended periods, suitable 
buffers and pH control agents are added to the electrolyte 
and materials having high hydrogen overvoltage are 
selected for the cathode electrode. In most cases the 
electrolytic medium is an electrolyte but it is possible to 
empioy a non-conductive material which becomes an 
electrolyte only upon combination with constituents of 
the material analyzed. The term electrolytic medium is 
intended to define both of these types of Imaterial. 

Particularly in oxygen detection an advantageous com 
bination of materials is a chloride electrolyte together 
with a gold, platinum, or silver cathode and a cadmium 
anode or, when the anode is one of gold or platinum, a 

O 

5 

20 

30 

40 

50 

60 

65 

70 

2 
silver or silver-silver oxide cathode. The chloride may 
be one of potassium, sodium, or hydrogen. 
A unit embodying the invention is illustrated in the 

drawing. It comprises an anode electrode 11, a cathode 
electrode 0, and an electrolytic medium 2. The unit is 
incased in a housing, in this case a drawn aluminum cup 
3 having a large central opening 4 formed in the cup 

bottom. This opening is closed by a disc of insulating 
material 15 which because of its character and thickness 
is relatively impermeable to gases. The disc 15 is formed 
of dense polyethylene plastic and it is held in place by an 
aluminum tube 6. The other diameter of tube 16 is 
Substantially the same as the inner diameter of the cup 13 
and is press-fitted into the cup into engagement with 
disc 15. The upper rim of the tube 16 is slightly lower 
than the upper rim of the cup 13 to form an annular 
ledge. The circular anode electrode 11 rests on this ledge 
and is soldered in place to form one wall of the com 
pleted housing. 
The insulating disc 15 is formed with a central open 

ing into which is threaded a terminal member 20 whose 
inner end is plated with cathode material, here the gold 
21. The terminal member is threaded into the housing 
lintil its gold end engages the electrode 1 and then it is 
turned oppositely a predetermined amount to provide a 
selected spacing between the electrodes. A small spacing, 
about one sixty-fourth of an inch, is preferred if fast reac 
tion time is desired. 
The electrolytic medium 2 is introduced into the unit 

through an opening 23 in the insulating disc and the open 
ing is melted closed as at 24 when filling is complete. 
The electrode 1 is arranged to contain the electrolytic 

medium within the unit while permitting constituents of 
the material to which the electrode is exposed to pass 
through the electrode into contact with the medium. It 
is required that the electrolytic medium pass through the 
electrode less readily than the material to be detected. 
While this can be controlled by selection of mediums 
that will not readily wet the electrode material and such 
devices, it is usually possible to accomplish the required 
result simply by making the electrolytic medium more 
viscous than the material to be detected. A wide variety 
of thickening and jelling agents may be added to the 
various electrolytic mediums without affecting their oper 
ation. For example the unit shown in the drawing con 
tains a mixture of potassium chloride, hydrochloric acid 
and agar to form a thick gel which is easily contained by 
an electrode that will readily admit gases and non-viscous 
liquids. 
The electrode 11 itself may have a wide variety of 

Specific forms. It may, for example, comprise a sintered 
plate or a mesh of cadmium wires pressed until cold 
Welded together. A section of electrode 11 is shown en 
larged in FIG. 2. It comprises a mesh of fine steel wires 
pressed together into a cold welded grid 30. This grid 
is pressed partly into a larger mesh of steel wires 31. The 
whole electrode is cadmium plated to a small thickness. 
The openings 32 of the grid 30 are sufficiently large to 
admit gases and non-viscous liquids but are too smail to 
permit escape of the more viscous electrolytic medium 10 
in any deletarious amount. In the case of electrode 11 . 
the openings 32 are of five micron size. When measuring 
most of the thinner liquids, ten micron sized openings are 
adequate. 

in operation of the unit shown, a voltage of about 0.6 
Volt appears between the electrodes when no oxygen is 
present adjacent to the electrode 1. When the electrode 
is exposed to oxygen which passes through the electrode 
to the electrolytic medium, this voltage increases sub 
stantially linearly with the amount of oxygen. 
A meter M is connected in circuit with the unit and 

the deflection of its pointer above 0.6 volt is a measure of 
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the quantity of oxygen in the space adjacent the elec 
trode 11. If it is desired that the meter read Zero in the 
absence of oxygen a counter voltage of 0.6 volt is in 
cluded in the circuit. This voltage may be provided by a 
battery 4G as shown. The range of the electrical output 
of the unit may be calibrated to the meter scale by vary 
ing the amount of measured material that is permitted to 
contact the electrolytic medium. This is easily accom 
plished by altering the size of the area through which the 
substance measured may contact the electrolytic me 
dium. Advantageously, as shown, this is accomplished 
by painting a relatively impermeable substance 4 over 
areas of the electrode 1 while the unit is in an atmosphere 
of known oxygen content until meter M provides the 
proper corresponding indication. 
The response time of the unit, for a given electrolytic 

medium is determined by the spacing of the electrodes 
and may be adjusted by rotating the terminal member 20. 
I claim: 
In a polarographic sensing unit a housing, a metallic 

cathode electrode within said housing and insulated there 
from, a metallic anode electrode formed of a mesh wire 
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4. 
including cadmium surfaces forming an exterior wall of 
said housing, and an electrolytic medium contained within 
said housing surrounding said cathode and bridging said 
cathode and said anode, said anode being formed with 
openings of not more than 10 microns to contain said me 
diurn while permitting the passage of gas therethrough. 
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