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DEVICE FOR HUMIDIFYING GASES WITHOUT 
CHANGING OXYGEN CONTENT 

BACKGROUND OF THE INVENTION 

This invention is a continuation-in-part of US. Pat. 
application Ser. No. 437,629, ?led on Nov. 17, 1989 for 
a Humidi?ed High Sensitivity Oxygen Detector by 
William N. Mayer and Daniel W. Mayer and assigned 
to Modern Controls, Inc. of Minneapolis, Minn. 
The present invention relates to a device for humidi 

fying gases without the introduction of oxygen with the 
aid of a galvanic cell and a partially permeable conduit. 
The parent invention referenced above comprises an 

oxygen sensor of the galvanic cell type having a pair of 
galvanic cells. The cells are housed within a single 
housing with a test gas conduit having a water permea 
ble section. The galvanic cells are electrically con 
nected to provide respective output voltages which 
may be subtractively coupled to eliminate noise signals 
thereby providing an output voltage signal which is 
wholly representative of oxygen content of the test gas 
going through the sensor. 
Known prior art includes US. Pat. No. 3,223,597, 

Hersch, which discloses a galvanic cell construction 
which includes a chemically reducing anode, a non 
conductive thin porous electrolyte-retentive diaphragm 
in intimate contact with at least one surface of the an 
ode, a cathode comprising a thin porous conductive 
sheet in intimate contact with the surface of the dia 
phragm opposite to the surface in contact with the 
anode, and an aqueous electrolyte contained in the po 
rous diaphragm. The pores of the cathode are only 
partially ?lled with electrolyte, and the cathode is 
chemically nonreactive to the electrolyte, the anode 
being incapable of evolving hydrogen upon being cir 

' cuited with the cathode. The total volume of electrolyte 
is less than the combined total pore volume of the cath 
ode, diaphragm and anode, so that only a minor portion 
of the pores of the cathode become wetted while a 
major portion of the pores of the cathode never become 
?lled. This construction results in an electrode assembly 
whereby only the surface of the cathode which is in 
intimate contact with the diaphragm is wetted, and the 
top surface and major portion of the pores of the cath 
ode remain substantially dry. 

U.S. Pat. No. 4,085,024, Lawson, discloses essentially 
the same electrode assembly as the Hersch patent, using 
a particular construction technique for interconnecting 
the elements of the cell and sealing it inside an oxygen 
free envelope. 
The foregoing constructions are critically dependent 

upon the concentration and quantity of electrolyte con 
tained within the cell and the operating temperature of 
the cells. Further, the sensitivity or operability of such 
cells degrades with time, as the water content of the 
electrolyte becomes dissipated from the cell. 
There is a need for a galvanic cell-type device for 

humidifying gases without introducing or absorbing 
oxygen in the gases. Such a device should have a long 
life, be unaffected by temperature and predictably hu 
midify dry air ?owing therethrough, and also have a 
reasonably good response to dynamic changes in the 
gases being measured. 
There is a need for a humidi?er which has a relatively 

large reservoir of electrolyte in order to provide for a 
long and useful life of the humidi?er, but which has a 
very small internal gas volume in order to provide good 
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dynamic response to changes in oxygen content in the 
incoming gases. Further, there is a need for a humidi?er 
which does not change the oxygen concentration of the 
input gases more than about 35-100 parts per trillion. 
There is a further need for a device for humidifying 

gases which will maintain the relative humidity in the 
range of 60%—90%, for use in conjunction with a gal 
vanic cell sensor, to provide sensor operation in its 
optimum range. 
The present invention meets the foregoing needs and 

adequately humidi?es gases in temperate ranging from 
lO°-60° C., and at gas flow rates ranging from l-20 
cc/ min. 

SUMMARY OF THE INVENTION 

A device for humidifying gases without introducing 
oxygen is comprised of a gas conduit for passing the 
gases through the device to be humidi?ed having a 
portion of the conduit being permeable to water but a 
barrier to electrolytes. The portion of the gas conduit is 
positioned closely adjacent the anode of a galvanic cell 
also having a cathode. A reservoir is provided for place 
ment of the galvanic cell and the portion, which is at 
least partially ?lled with an electrolyte solution, of the 
gas conduit therein. 

It is a principal object of the present invention to 
provide a device for humidifying gases without intro 
ducing or absorbing oxygen in a novel manner by way 
of a permeable gas conduit adjacent to a galvanic cell in 
an electrolyte solution. 
Another object of the present invention is to provide 

a device for humidifying gas ?owing at the rate of l-2O 
cc/ min. therethrough to a certain percentage of relative 
humidity in the range of 60%~90%. 

It is a further object of the present to provide a device 
for humidifying gases that is unaffected by temperatures 
ranging from l0°—60° C. 

It is a further object of the present invention to pro 
vide a device for humidifying gases that will have a 
long operating life and a fast response time to dynamic 
changes which occur in the gas flow therethrough. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advantage of the 
present invention will become apparent from the fol 
lowing speci?cation and claims, and with reference to 
the drawings, in which: 
FIG. 1A shows a galvanic cell of the type known in 

the prior art. 
FIG. 1B shows a cross-section view taken along the 

lines 1-—1 of FIG. 1A. , 
FIG. 2 shows a top sectional view of the humidi?ed 

high-sensitivity oxygen detector of the parent applica 
tion utilizing the present invention taken along the lines 
2-2 of FIG. 3. 

FIG. 3 shows an elevational and sectional view of the 
oxygen detector incorporating the present invention 
taken along the lines 3—3 of FIG. 2. 
FIG. 4 shows a cross-section view taken along the 

lines 4-4 of FIG. 3. 
FIG. 5 shows a wiring diagram of the oxygen detec 

tor. 
FIG. 6 shows an equivalent schematic diagram of the 

oxygen detector. 
FIG. 7A shows a side elevation view of the present 

invention. 
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FIG. 7B shows a cross-section view taken along the 
lines 7B—7B of FIG. 7A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present device for humidifying gases without 
introducing or absorbing oxygen is believed to have 
multiple purposes and applications. For illustrative rea 
sons only, the device is described in detail herein as used 
with the oxygen detector of the above referenced par 
ent application. Thus, the oxygen detector will be de 
scribed ?rst to place the present invention in context of 
one known use among many believed possibilities. 

Referring ?rst to FIGS. 1A and IB, a galvanic cell of 
the type known in the prior art is illustrated, in several 
views. Galvanic cell oxygen detector 10 includes a 
sealed gas envelope 12 which has an inlet 32 for con 
necting to a source of test gas, and an outlet 30 for 
exhausting the test gas from the cell 10. The construc 
tional details of the elements within cell 10 may be 
similar to the construction described in Hersch Patent 
No. 3,223,597; Lawson Patent No. 4,085,024 or other 
prior art devices. The interior cell components prefera 
bly include a central anode blade 14 which is electri 
cally coupled to an anode wire 26 which passes outside 
of the cell 10. Anode blade 14 has an anode element 16 
adjacent each of its flat surfaces, and a, porous layer 18 
outwardly adjacent each of the anode elements 16. The 
entire structure may be bound together by nylon thread 
22 to form a tight assembly, and a cathode wire wrap 28 

'_is wound'about the porous layers 18 and in electrical 
contact with the outside cathode layers 20. The cathode 
wire wrap 28 is electrically connected to a cathode wire 
24 which passes outside of the cell 10. The porous layer 
18 is typically impregnated with an electrolyte. 
The oxygen detector 100 utilizes two galvanic cells of 

the general type described above, in a construction to 
be hereinafter described. The galvanic cells are herein 
after referred to as cell 100, and cell 10b. 

FIG. 2 shows a top view of the oxygen detector 100 
in partial cross section, taken along the lines 2—2 of 
FIG. 3. FIG. 3 shows an elevation view of the invention 
in partial cross section, taken along the lines 3—-3 of 
FIG. 2. Galvanic cells 100 and 10b are sealed within 
enclosure 34 by plug 36. They are supported relative to 
one another by a spacer 38, which also supports cells 
10a and 101; relative to the inside of enclosure 34. The 
inside of enclosure 34 may be partially ?lled with an 
electrolyte solution 409, preferably including a l2.5 

. weight percentage (WT%) solution of potassium hy 
droxide (KOI-I). It is desirable to nearly completely ?ll 
the sealed interior of the enclosure 34 with electrolyte 
40. 
An inlet 42 is adapted for coupling to a source of test 

gas, and is coupled to a gas conduit 44 which passes 
through outer wall 43 of enclosure 34. Gas conduit 44 
sealably passes through plug 36 and is coupled to the 
gas humidi?er 46 of the present invention. 
Humidi?er 46 has the characteristic that it is permea 

ble to water, but includes an interior passageway 
through tube or conduit 47, which is a barrier to KOH; 
it is also chemically resistant to KOH. Humidi?er 46 
also contains an oxygen getter to remove any trace 
amounts of oxygen which may accumulate inside sealed 
enclosure 34, particularly in the KOH solution. 
The output of humidi?er 46 is connected to conduit 

48, which is connected to an inlet 50 of galvanic cell 
100. Galvanic cell 100 has an outlet 52 coupled to a 
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further conduit 54 outside of the sealed portion of en 
closure 34. Conduit 54 sealably passes through plug 36, , 
and is co connected to an inlet 56 of galvanic cell 10b. 
Galvanic cell 10b has an outlet 58 which is coupled to a 
conduit 59 which passes through the outer wall 43, and 
is connected to an outlet coupling 60, adapted for con 
nection to an exhaust circuit. 
Humidi?er 46 of the present invention is shown in 

greater detail in FIGS. 7A and 713, wherein FIG. 7B 
shows a cross section of humidi?er 46, taken along the 
lines 7B-7B of FIG. 7A. Humidifier‘46 incorporates a 
layered structure which is arranged to form a galvanic 
cell, and permeable tube 47 is positioned along an anode 
edge of this galvanic cell. The galvanic cell may be 
formed of a plurality of layers of materials, in a manner 
similar to that described in Hersch Patent No. 
3,223,597. 
For example, an interior anode is comprised of two 

sheets of material 49 which may be made from a cad 
mium compound material. The anode may be made 
from an oxidizable material from the group including 
cadmium arsenic, bismuth, anitimony, lead an ferrous 
hydrate. A metal wire 72 is tightly wrapped about the 
interior anode, and one end of wire _72 is brought out for 
subsequent connection. Permeable tube 47 is laid along 
an edge of anode 49, and an intermediate porous layer 
or diaphragm 45 is wrapped about the tube 47 and 
anode 49. A second metal wire 74 is wrapped about . 
porous layer 45, and a one end of wire 74 is brought out 
for subsequent connection. Finally, an exterior cathode 
layer 51, which may be formed into sections, is laid over 
the porous layer and a nylon wrap 76 is wrapped about 

- cathode layer 51. The cathode layer may be made from 
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a reducible material from the group including silver, 
gold, carbon, graphite, platinum, copper and iridium. 
An end of wire 74 is electrically connected to an end of . 
wire 72, effectively short circuiting the anode and cath 
ode together. The electrical connection between the‘ 
ends of wires 72 and 74 is made outside of the sealed 
interior of enclosure 34. 

Permeable tube 47 is a water permeable membrane 
which is chemically resistant to KOH, and which per 
mits the controlled absorption ofwater into the gas flow 
which passes through tube 47. A material which has 
been found suitable for use in this purpose is a perfluori 
anted membrane made from a fluorocarbon copolymer 
of a particular chemical composition; suitably a copoly 
mer of tetrafluoroethylene and a vinyl sufonyl ?uioride. 
This member is sold under the trademark NAFION, 
and is manufactured by E. I. Dupont de Nemours' & 
company of Wilmington Del. 
The NAFION tube 47 is placed closely adjacent the 

anode 49 of humidi?er 46, which serves as an oxygen 
getter, to reduce the oxygen is the vicinity of tube 47. 
Therefore, the water passing through the permeable 
walls of tube 47 is introduced into the test gas stream 
without introducing extraneous oxygen into the test gas 
stream. The inherent action of the galvanic cell which is 
formed as a part of humidi?er 46 causes oxygen mole 
cules to be absorbed into the cell, chemically reducing 
the cadmium anode to a cadmium hydroxide material, 
and therefore the oxygen is depleted from the immedi 
ate vicinity of permeable tube 47. Testing has shown 
that the region of lowest possible oxygen is the region 
immediately adjacent anode 49, and therefore tube 47 is 
positioned along an edge of anode 49. 

Because of the characteristics of the NAFION tub 
ing, and the concentration of KOH, the test gas which 
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passes into the device through inlet 42 will be main 
tained at a constant relative humidity. The humidi?er 
46, including the NAFION tubing, is preferably wholly 
immersed in KOH (12.5 WT%), and a dry test gas pass 
ing through the tubing in volume flow rates of approxi 
mately 20 cc/minute will inherently develop a relative 
humidity of about 80% (80% RH). 

This relative humidity will be constantly maintained 
throughout the passage of the gas through the galvanic 
cells 10a and 10b, thereby tending to replepish water 
which would otherwise be drawn from the device over 
extended periods of use. If the test gas passing into the 
inlet of the device has a relative humidity of greater 
than about 80% RH, the concentration of KOH and the 
permeability of the NAF ION tubing will cause water to 
pass outwardly through the tubing, thereby depleting 
‘the humidity of the gas to about 80% RH. 

It can therefore be seen that the presence of the NA 
FION tubing immersed in a predetermined concentra 
tion of KOH tends to create a constant relative humid 
ity under all conditions of dryness of the testi'gas input. 
This phenomena aids in the stability of oxygen test 
measurements, by subjecting all forms of test gas to 
approximately the same relative humidity during the 
measurement process performed by the oxygen detec 
tor 10. 
The relative humidity of a gas can be varied and is 

inversely related to the KOH concentration. That is, a 5 
WT% (weight percentage) will give a 95 %RH; a 10 
WT% will give an 89 %RH; a 20 WT% will give 68 
%RH; and a 30 WT% will give a 38 %RH, approxi 
mately. ' 

' It has also been found where the air flow (cc/min 
(dry)) is increased, the NAFION tube 47 should simi 
larly be increased in length. For flows from 1 to 21 
cc/min (dry), a tube length of nine inches or longer is 
appropriate where the tube's diameter is approximately 
1/16 of an inch. With tube lengths in excess of 9 inches, 
the percent RH becomes relatively constant. 

In one example, a gas humidi?er 46 having 250 ml. of 
KOH in the reservoir generates 60%—80% RH for ap 
proximately 600 to 700 days when operating at 20° C., 
at gas ?ow rates of 10 cc/min. When operating at 
colder temperatures, such as 0° C.,' the humidi?er 46 
may last up to 7 years. Operating the same humidi?er 46 
at 50° C. may shorten the life of the humidi?er 46 to 
approximately 200 days. As the volume of KOH in the 
reservoir is increased, the life of the humidi?er is in 
creased proportionately. The anode of the getter has a 
capacity of about 1 amp‘hour, which is quite long lived 
when considering only microamps are generated in the 
present invention. 
FIGS. 4, 5 and 6 give more details of the gas humidi 

'‘ ?er device 46 used in association with the oxygen detec 
tor 10 of the referenced parent application. Nonetheless, 
it is believed that other suitable applications for the gas 
humidi?er 46 do exist. 
FIG. 4 shows a cross-section view taken along the 

lines 4—4 of FIG. 3, illustrating some of the electrical 
and gas connections. Galvanic cell 100 has an external 
anode wire 26a and an external cathode wire 24a. Gal 
vanic cell 10b has an external anode wire 26b and an 
external cathode wire 24b. FIG. 5 shows the connec 
tions of these wires, wherein anode wires 26a and 26b 
are connected to intermediate resistors R1 and R2 Cath 
ode wire 24a is connected to a second terminal of resis 
tor R1, and cathode wire 24b is connected to a second 
terminal of resistor R2. These reconnection points are 
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6 
then brought external of enclosure 34 via common wire 
63, “output 1” wire 62, and “output 2" wire 64. 

It should be noted that the test gas flow path through 
the invention is from inlet 42 through humidi?er 46, 
through cell 100 and then through cell 10b, and ?nally 
to outlet 60. The cathode elements of the galvanic cells 
101] and 10b are electrically connected together to form 
a common connection, and the anode elements of the 
cells are each connected across a load resistance to form 
separate output connections. 
FIG. 6 shows an equivalent circuit diagram which 

illustrates the electrical circuit formed by the oxygen 
detector 10. The galvanic action which occurs within 
each cell is respectively represented by Va and Vb; each 
cell has an equivalent internal capacitance Ca and C1,; 
each cell has an equivalent internal resistance ra and rb, 
which should be as large as possible. The voltage devel 
oped across load resistor R1 is Va, which includes the 
sum of the galvanic voltage caused by action of thecell 
in detection of oxygen, and noise voltage caused by the 
internal cell conditions described earlier herein. Simi 
larly, the voltage developed across load resistance R; is 
Vb, which includes the sum of the voltage developed by 
galvanic action of the cell in detecting oxygen plus the 
noise voltage developed by these same factors. How 
ever, the respective noise voltages are subtractive when 
the voltage is measured between terminals 62 and 64, 
thereby canceling out any voltage contribution trace 
able to noise conditions within both galvanic cells. The 
desired signal response to oxygen detection within the 
galvanic cells would also appear to be canceled-out 
when measured between terminals 62 and 64, but for the 
fact that the respective galvanic cells do not equally 
detect the oxygen content because of their series inter 
connection. Because the test gas flows ?rst through cell 
10a, the oxygen molecules in the test gas are removed 
from the test gas by virtue of the galvanic cell action 
which occurs therein, therefore when the test gas is next 
sequentially passed through the cell 10b there is no 
galvanic cell. action due to oxygen ?ow within cell 10b. 
In effect, cell 10b acts solely s a noise generator, gener 
ating the equivalent noise signals which are also gener 
ated in cell 100, but these respective noise signals are 
then coupled in opposing voltage connection to form an 
output signal which subtractively removes the noise 
components from the useful portion of the output sig 
nal. Terminals 62 and 64 are connected to a differential 
ampli?er 65, which may be of conventional commercial 
design, and ampli?er 65 will produce an output signal at‘ 
output terminal 66 which is representative of the test 
gas oxygen content. 

If the values of resistances R] and R1 are each se 
lected to be 10,000 ohms (10 k) and the test gas is passed 
through the device at a 10 cc per minute ?ow rate, the I 
useful output signal will be in the microvolt range. In 
one test under these conditions, the total voltage mea 
sured across cell 10a (noise +useful signal) was mea 
sured at 100 microvolts, and the total voltage measured 
across cell 10b (noise) was measured at 75 microvolts. 
The voltage measured between terminal 62 and 64 was 
25 microvolts, which is equivalent to an oxygen perme 
ability measurement of 0.0025 cc per square meter per 
day (cc/mZ/day). In this case, the noise was primarily 
attributable to a 1° C. change in temperature which 
occurred during the testing interval. 
With the aforementioned load resistors and test con 

ditions, a l microvolt change in output voltage, mea 
sured between terminals 62 and 64, is equivalent to an 
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oxygen permeability measurement of 0.0001 cc per 
square meter per day (cc/mphu 2/day); this is approxi 
mately a concentration measurement of 36 parts per 
trillion. therefore, it is apparent that the humidi?ed 
oxygen detector 10 achieves a measurement sensitivity 
of at least several orders of magnitude better than any 
device of the prior art. Further, the large reservoir of 
electrolyte contained within the device permits a con 
stant control over relative humidity in the test gas, and 
replenishes water loss which otherwise would occur in 
the galvanic cells during extended periods of operation. 

In operation, it is preferable to construct the reservoir 
formed by the sealed enclosure 34 nearly ?lled with 
KOH. Before actually using the completed assembly for 
the measurement of a test gas it is preferable to run dry 
nitrogen gas through the passages for a period of time in 
order to permit the oxygen which may be trapped inside 
of enclosure 34, and in solution in KOH, to be removed 
by the galvanic action of the cell which forms a part of 
the present invention humidi?er 46. After an initial 
break-in period, which may continue for about a few 
days in particular applications, the oxygen detector 
system is then ready for use in measurement of the 
oxygen content of various test gases. The voltage out 
put at terminal 66 may be calibrated to identify a “zero” 
reading after this extended break-in period, and thereaf 
ter the voltage at terminal 66 may be coupled to a cir 
cuit for driving a meter to give a direct readout of oxy 
gen,vor alternatively coupled to a circuit for conversion 
into digital values for processing by a computer. The 
system will provide accurate readings of oxygen con 
tent down to extremely low levels, and the device is 
usable over an extended life by virtue of the large reser 
voir of KOH which may be contained within enclosure 
34. 
The present invention may be embodied in other 

speci?c forms and may ?nd other applications without 
departing from the spirit or essential attributes thereof, 
and it is therefore desired that the present embodiment 
be considered in all respects as illustrative and not re 
strictive, reference being made to the appended claims 
rather than to the foregoing description to indicate the 
scope of the invention. 
What is claimed: 
1. A device for humidifying a gas without introduc 

ing oxygen into the gas to permit subsequent analysis of 
the humidi?ed gas, comprising: 

a) a liquid reservoir at least partially ?lled with an 
electrolyte solution; 

b) a galvanic cell having an anode and a cathode in 
said reservoir and immersed in said electrolyte 
solution; 

c) a gas conduit in said reservoir and having an inlet 
end sealably positioned outside said reservoir, said 
gas conduit having a portion of its length which is 
permeable to water but a barrier to electrolytes, 
said portion being positioned closely adjacent said 
galvanic cell; 

d) means for introducing said gas into the inlet end of 
said gas conduit; and 

e) means for electrically interconnecting said anode 
and said cathode. ' 

2. The device of claim 1, wherein the electrolyte 
solution includes potassium hydroxide. 
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3. The device of claim 1, wherein the permeable 

portion of the gas conduit is positioned closely adjacent 
the anode. 

4. The device of claim 1, wherein the permeable 
portion of the gas conduit is made from a fluorocarbon 
copolymer. 

5. The device of claim 4, wherein the copolymer is 
tetrafluoroethylene and vinyl sufonyl fluoride. 

6. The device of claim 4, wherein the copolymer is a 
perfluorianted cation exchange polymer membrane. 

7. The device of claim 1, wherein the anode is made 
from an oxidizable material from the group consisting 
of: cadmium, arsenic, bismuth, antimony, lead and fer 
rous hydrate. . 

8. The device of claim 1, wherein the cathode is made 
from a reducible material from the group consisting of 
silver, gold, carbon, graphite, platinum, copper and 
iridium. 

9. The device of claim 1, wherein the anode and 
cathode are short circuited together. 

10. The device of claim 1, wherein the electrolyte 
solution includes an approximate 12.5 weight percent 
age solution of potassium hydroxide. 

11. A device for humidifying a gas, without introduc 
ing oxygen into the gas, to permit subsequent analysis of 
the humidi?ed gas, comprising: 

(a) an interior anode wrapped with a ?rst wire con 
ductor; 

(b) a gas conduit for passing the gas, having a portion 
which is permeable to water but a barrier to elec 
trolytes, said gas conduit located adjacent the an 
ode; 

(c) a nonconductive porous diaphragm wrapped 
about the anode and the permeable conduit por 
tion, being wrapped with a second wire conductor; 

(d) a cathode layer wrapped about the nonconductive 
porous diaphragm; and 

(e) an enclosure at least partially ?lled with an elec 
trolyte solution; the anode, the permeable conduit 
portion, the diaphragm and the cathode being im 
mersed in said electrolyte solution. 

12. The device of claim 11, wherein the throttle'solu 
tion includes potassium hydroxide. 

13. The device of claim 11 wherein the first and sec 
ond wires are electrically interconnected outside the 
electrolyte solution. 

14. The device of claim 11, wherein the permeable 
portion of the gas conduit is made from a fluorocarbon 
copolymer. 

15. The device of claim 14, wherein the copolymer is 
tetrafluoroethylene and vinyl sufonyl fluoride. 

16. The device of claim 14, wherein the copolymer is 
a per?uorianted cation exchange polymer membrane. 

17. The device of claim 11, wherein the anode is made 
from an oxidizable material from the group consisting 
of: cadmium arsenic, bismuth, antimony, lead and fer 
rous hydrate. 

18. The device of claim 11, wherein the cathode is 
made from a reducible material from the group consist 
ing of silver, gold, carbon, graphite, platinum, copper 
and iridium,. 

19. The device of claim 11, wherein the electrolyte 
solution includes an approximate 12.5 weight percent 
age solution of potassium hydroxide. 

* * * * i! 


