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(57) ABSTRACT 

The present invention is a gas component sensor comprising 
novel electrolyte compositions. The electrolyte composi 
tions in bulk, sintered or thin ?lm embodiments are capable 
of forming With different-metal sensing and reference elec 
trodes a highly stable gas oxide sensors. The novel electro 
lyte composition changes electrochemical reactions at the 
sensing and reference electrodes and the overall reaction of 
the electrodes and electrolyte. The novel electrolyte com 
positions have: (1) excellent chemical stability and thermal 
compatibility as to the electrodes and a preferred ceramic 
substrate, (2) excellent chemical stability With the environ 
ment as to the reference and sensing electrodes, Which need 
not be sealed against the atmosphere to be sensed, (3) 
effective adherence to the substrate and electrode metals. An 
improvement is disclosed Where a correction of calculated 
gas concentration is made by comparison of measured 
voltages of tWo gas sensors. 
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DRIFT COMPENSATION FOR GAS COMPONENT 
SENSORS 

[0001] This application is a division and continuation in 
part of US. patent application Ser. No. 09/498211 ?led Feb. 
4, 2000. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to correction of cal 
culated gas component concentration measured by voltage 
across gas component sensors . 

[0003] Prior art electrolytic sensors for carbon dioxide 
have disclosed the folloWing useful relationship. As dis 
closed in “Study of a neW solid electrolyte thin ?lm based 
micropotentiometric carbon dioxide gas sensor” (A. Essalik 
et al, J. NeW Mat. Electrochem. Systems 1, p.67-70 (1998)) 
electrode reactions giving the EMF of such a sensor are as 
folloWs: 

[0006] Where Na+ and Ag+ are the mobile ions and Na2O 
and Na2CO3 are in solid state. The cell EMF can be Written 
according to the Nernst equation as: 

sensing electrode: 

reference electrode: 

[(2.3RTLog PC02)/2F] 
[0007] Where K is a constant, F and R are the Faraday and 
gas constants respectively and T is the temperature. Accord 
ing to this equation, at constant P02 and silver-ion activity 
a Ag“ the EMF depends only on the CO2 partial pressure. 

[0008] Also disclosed therein is an inherent restriction on 
the usefulness of that prior art electrode. “HoWever, for 
practical use, stability of the sensors should be improved.” 
(Essalik et al, p. 70) and the article explained that the sensor 
lasted only a feW hours at operating temperature. This 
limitation is a common problem of prior art electrolyte based 
carbon dioxide sensors. Typically, in other prior art carbon 
dioxide sensors, high temperature operation (400-500° C.) 
has been required, although the Essalik et al sensor dis 
played superior operational response at about 250° C. 

[0009] There is a need for a carbon dioxide sensor after the 
Essalik et al device for Which stable operation is maintained 
over a long period of time, suf?ciently long for application 
to control or sensing systems Wherein loW poWer, loW 
temperature carbon dioxide sensing may used to advantage. 

SUMMARY OF THE INVENTION 

[0010] The present invention is an electrolyte composi 
tion. The electrolyte composition in bulk, sintered or thin 
?lm embodiments are capable of forming With different 
metal sensing and reference electrodes a highly stable car 
bon dioxide sensor. The sensor of Essalik et al is improved 
With changed electrolyte composition, thereby changing the 
electrochemical reactions at the sensing and reference elec 
trodes and the overall reaction of the electrodes and elec 
trolyte. 
[0011] The novel electrolyte has: (1) excellent chemical 
stability and thermal compatibility as to the electrodes and 
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a preferred ceramic substrate, (2) excellent chemical stabil 
ity With the environment as to the reference and sensing 
electrodes, Which need not be sealed against the atmosphere 
to be sensed, (3) effective adherence to the substrate and 
electrode metals. The novel electrolyte has solved the sta 
bility problems of the Essalik et al sensor. 

[0012] The invention electrolyte comprises a relatively 
small amount of reference electrode metal halide and option 
ally an alkaline. The invention sensor comprises an electro 
chemically effective amount of the electrolyte in electrical 
connection With sensing and reference electrodes, Whereby 
the sensing and reference electrodes are of different metals. 

[0013] The invention electrolyte has been additionally 
found to have gas concentration reactive sensitivity to NOx, 
SOx, H2S, chloride ions, ?ouride ions and bromide ions. 
Although insensitive and non-reactive With carbon monox 
ide, gas concentration carbon monoxide may be indirectly 
determined by its calculation from the gas concentrations of 
carbon dioxide and/or nitrogen oxides and sulfur oxides, as 
the gas species and concentration ranges of a sensed gas are 
typically knoWn for a speci?c application of the invention 
sensor. 

[0014] The invention electrolyte is effective in bulk or thin 
layer for chemical specie detection, although the thin layer 
embodiment has a someWhat loWer poWer requirement and 
improved response time. 

[0015] In one embodiment of the invention sensor, a 
hydrophobic layer ?lter substantially excludes Water from 
the sensed gas reaching the sensor. Such ?lters are effective 
in selecting out or permitting in some chemical species such 
as Water, carbon monoxide, and oxides of nitrogen and 
sulfur. Where such ?lters are effectively used, separate 
invention sensors may be used as an array to determine a 

pro?le of multiple gas components in a sensed gas, thereby 
providing a process determination to recording, control 
and/or display means. For example, such a pro?le for a gas 
composition as air after combustion With oxidiZeable com 
ponents and compared With a prior air composition Will 
indicate the presence of a ?re or other undesirable condition. 
Increased carbon dioxide, oxides of sulfur and nitrogen and 
carbon monoxide in air typically indicate high temperatures 
and combustion products. 

[0016] In a preferred embodiment of the invention sensor, 
thin layer sensing and reference electrodes are in effective 
connection through the invention electrolyte, the assembly 
adhered to a top side of a thin ceramic layer also comprising 
a resistive temperature detector (RTD), Whereby a heating 
layer is adhered to a bottom side of the thin ceramic layer. 
As described above, a change in the gas concentration of the 
sensed component changes the EMF across the electrodes, 
thereby permitting direct or indirect calculation of the con 
centration of the sensed component. The invention sensor in 
this embodiment is inexpensive, easy to fabricate, compact, 
operates at loW temperature, and uses very loW poWer. The 
small siZe and loW poWer use of the invention sensor enable 
the skilled person to noW use a stable carbon dioxide sensor 

in loW poWer and temperature sensitive assemblies. The 
invention sensor has a broad operating range as to carbon 
dioxide, typically up to and exceeding 10,000 ppm. Such a 
range of operation alloWs use of the invention sensor in 
devices for sensing, recording or controlling air quality, ?re 
detection, chemical, biochemical and biological (including 
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medical) processes, agricultural processes and the like. The 
present sensor senses a sensed component independent of 
the How rate of the component across the sensor. The present 
sensor eliminates gas tight sealing of at least one electrodes 
against a sensed or reference gas. The present sensor noW 
permits stable operation through a substantially equilibrium 
reaction at the electrolyte/reference metal interface of the 
folloWing reaction: 

[Reference electrode metal]®[Reference electrode 
metal]Z++ze’ 

[0017] The above bene?ts Were not realiZed or taught in 
the prior art With respect to the novel electrolyte composi 
tion of the invention. The invention electrolyte comprises 
electrochemically effective amounts of one or more alkali 
metal carbonates, one or more alkaline earth metal carbon 
ates, one or more reference electrode metal halogens and 
optionally an amount of one or more alkali halogens. 
Although not speci?cally described herein, the invention 
electrolyte may comprise substantially electrochemically 
neutral components While still achieving the objects of the 
invention. Thus, a description of the invention electrolyte 
Will include a composition With such substantially neutral 
components so long as the invention bene?ts are obtained 
With an electrochemically effective amount of the electrolyte 
applied across the electrodes of the invention sensor. 

[0018] The invention electrolyte also comprises a method 
for conversion from a carbon dioxide sensing electrode to an 
electrode capable of sensing oxides of nitrogen or sulfur or 
hydrogen sul?de. At operating temperature, the invention 
electrode is exposed to substantial amounts of oxides of 
nitrogen or sulfur or hydrogen sul?de, resulting in absorp 
tion and reaction of a portion of that component With the 
invention CO2 electrolyte. The resulting electrolyte (such as 
including sodium or barium nitrate or sulfate) thereby 
becomes sensitiZed to that component in addition to some 
sensitivity to carbon dioxide. Calculation of the concentra 
tions of the sensed components is possible from a previously 
determined potential range of component concentrations for 
carbon dioxide and the other component, or a ?lter may be 
arranged such that substantially all carbon dioxide is 
excluded from the sensed gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a top vieW of the interdigitated reference 
and sensing electrodes and RTD’s on a top side of a thin 
support layer, With the outline of the invention electrolyte 
shoWn in broken lines. 

[0020] FIG. 2 is a bottom vieW of a bottom side of the thin 
support layer, having adhered thereon a resistive heating 
element. 

[0021] FIG. 3 is a graph of the EMF response of the 
invention thin ?lm electrolyte to CO2 in a sensed gas. 

[0022] FIG. 4 is a graph demonstrating stability of the 
invention CO2 sensor. 

[0023] FIG. 5 is a graph demonstrating the response of the 
invention CO2 sensor to CO2 levels in a gas. 

[0024] FIG. 6 is a graph of the invention CO2 sensor 
response to non-CO2 components of air as to the response 
of the sensor shoWn in FIG. 5. 
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[0025] FIG. 7 is an infrared spectra of the bulk invention 
electrolyte. 
[0026] FIG. 8 are the infrared spectra of the bulk and thin 
?lm invention electrolyte maintained at 130° C. and 400° C. 
for 14 days, demonstrating component integrity and contin 
ued stability of the invention electrolyte over time. 

[0027] FIG. 9 is a side cutaWay vieW of one embodiment 
of the electrode. 

[0028] FIG. 10 is a top perspective vieW of an electrolyte 
electrode selectively sealed against an outside atmosphere 
only as to some gas components. 

[0029] 
FIG. 11. 

[0030] FIG. 12 is a side cutaWay vieW of an alternate 
embodiment of the device of FIG. 11. 

[0031] FIG. 13 is a side cutaWay vieW of one type of 
composite membrane. 

[0032] FIG. 13A is a side cutaWay vieW of another type of 
composite membrane. 

[0033] FIG. 14 is a microphotograph of a carbon ?ber 
cloth that can be used as a support in the composite 
membrane. 

FIG. 11 is a side cutaWay vieW of the device of 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The invention electrolyte comprises the folloWing 
speci?c ranges of electrochemically effective components 
relative to each other in Weight percent: 

[0035] alkali metal carbonate(s): from about 20% to 
about 99%; 

[0036] alkaline earth metal carbonate(s): from about 
20% to about 99%; 

[0037] reference electrode metal halogen(s): from an 
electrochemically effective amount, but most pref 
erably from about 0.005% to 10%; and 

[0038] 
1.0%. 

[0039] Exemplary alkali metal carbonate are NaCO3, 
Li2CO3, K2CO3, and Rb2CO3. Exemplary alkaline earth 
metal carbonates are BaCO3, CaCO3, and SrCO3. Exem 
plary reference electrode metal halogens comprise any inor 
ganic salt of the reference electrode metal and halogen ions 
or oxy-anions as one group or the group of Cl, Br or I. 
Exemplary alkali halogens are NaX, LiX, KX, and RbX 
Where X is chosen from the group of Cl, Br or I. Sensing and 
reference electrode metals are preferably chosen from the 
group Ru, Rh, Pd, Re, Os, Ir, Pt, or Au. It does not matter 
Which tWo of the preferred metals are chosen from among 
this group for the sensing and reference electrode so long as 
the tWo metals are different. OptimiZing price and ease in 
fabrication Will result in a choice from the above group of 
sensing and reference electrodes. 

alkali halogen(s) (optional): about 0.5% to 

[0040] For a thin ?lm embodiment of the present inven 
tion, it has been found that a ceramic substrate of a-alumina 
is a preferred material, although many other appropriate 
supports are appropriate depending on adhesion and heat 
transfer characteristics of the substrate. A preferred thick 
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ness of the ceramic substrate is from about 50 um to less than 
about 1 millimeter. It is preferred to prepare the surfaces for 
thin ?lm deposition by cleaning in baths of Warm acidic 
solution (Citronox), Warm acetone solution, Warm isopro 
panol solution, and Warm deioniZed Water dried in nitrogen 
gas at about 140° C. 

[0041] FIGS. 1 and 2 shoW a thin ?lm invention sensor 
assembly 100 having ceramic substrate With a top side 101, 
thickness 102 and bottom side 107. Sensing electrode 104 is 
interdigitated With reference electrode 105 betWeen RTD’s 
103, all of Which are applied as thin ?lms to top side 101 via 
sequential e-beam evaporation and patterned by lift-off. 
When using Au or Pt for electrodes or otherWise depositing 
such on the substrate, it is preferable to ?rst deposit a layer 
of chromium to improve adherence of the thin layer metals. 
It is preferred that electrode layers have the folloWing 
thicknesses: Ag/>15000 angstroms; Pt—Cr/>1000 ang 
stroms; Au—Cr/>5000 angstroms. 

[0042] The RTD’s are preferably Pt, as Well as the thin 
?lm heater 108 having Wire connections 109. It is apparent 
to the skilled person that the embodiment of FIGS. 1 and 2 
comprise sites for Wire lead attachment for connection to 
electrodes 104 and 105, RTD’s 103 and heater 108. The 
outline 106 of FIGS. 1 and 2 shoWs the preferred extent of 
deposited invention electrolyte on assembly 100, thereby 
covering a substantial portion of the interdigits of electrodes 
104 and 105. 

[0043] After deposition of the electrodes 104 and 105, 
electrolyte 106 is deposited in the folloWing manner. A 
sputter target disk of about 2 inches diameter and 5 milli 
meter thickness is prepared from the bulk poWder form of 
the invention electrolyte. The disk is prepared similarly to 
the process of Essalik et al by hydraulic (6,000 psi) and cold 
isostatic press (40,000 psi). The target Was mounted in the 
RF magnetron sputtering guns in a UHV chamber for loW 
pressure chemical vapor deposition to the thin ?lm. The 
target Was hygroscopic and therefore Was maintained in 
vacuum protected by load lock. The sputtering chamber of 
the RF magnetron Was back-?lled With pure argon to a 
Working pressure. Sputtering of the target to the substrate 
Was done at a poWer level of about 85 W at about 1.1 
angstroms/s, producing a thin ?lm of about 20,000 ang 
stroms. The outline of the deposited electrolyte is main 
tained only such that it is substantially electrochemically in 
touch With opposing edges of the interdigits of electrodes 
104 and 105. 

[0044] The folloWing list are actual examples sputtering 
target disk compositions for four embodiments of the inven 
tion electrolyte incorporated into a CO sensor assembly 100 
and having CO2 sensing capabilities according to the per 
formance characteristics described herein: 

[0045] 1. BaCO3, 17.7615 g.; Na2CO3, 5.2995; 
AgCl, 0.3583 g.; NaCl, 0.0055 g. or 0.0 g. 

[0046] 2. NaCO3, 17.7615 g.; Ba2CO3, 5.2995; Agl, 
0.5869 g.; Nal, 0.0055 g. or 0.0 g. 

[0047] 3. Li2CO3, 17.7615 g.; Ba2CO3, 5.2995; 
AgCl, 0.3583 g.; NaCl, 0.0055 g. or 0.0 g. 

[0048] 4. Li2CO3, 17.7615 g.; Ba2CO3, 5.2995; Agl, 
0.3583 g.; Nal, 0.0055 g. or 0.0 g. 
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[0049] FIGS. 3-8 shoW performance characteristics of the 
sensor assembly 100 Wherein heater 108 causes the electro 
lyte 106 to reach about 250° C. and a higher concentration 
CO2 containing gas is introduced to and WithdraWn from the 
electrolyte 106 surface. For a single, exemplary sensed gas, 
FIG. 3 shoWs that full response time to the higher concen 
tration CO2 containing gas requires only about 20 seconds 
(from about 65 seconds to 85 seconds) to reach accurate 
measurement and about 65 seconds to recover once the 
higher concentration CO2 gas Was replaced With the previ 
ous gas. In general, the thin ?lm embodiments of assembly 
100 comprise sensors for CO2, NO2 and S02. The results 
for CO2 sensor assembly 100 at 250° C. Were about 4513 
mV/decade sensitivity, 10-30 seconds for response time and 
around 60 seconds recovery time. The results for N02 
sensor assembly 100 at 250° C. Were about 4813 mV/decade 
sensitivity, 2-10 seconds for response time and around 10 
seconds recovery time. The results for S02 sensor assembly 
100 at 250° C. Were about 5013 mV/decade sensitivity, 1-2 
seconds for response time and around 5 seconds recovery 
time. Exemplary electrolyte compositions for N02 and S02 
sensor assemblies are respectively: (1) BaNO3, AgCl, and 
NaCl and (2) BaSO4, Na2SO4, AgCl, V205, and NaCl. 
Sputtering target and thin ?lm deposition techniques for 
N02 and S02 sensor assemblies are as above. 

[0050] FIG. 4 is a graph demonstrating stability of the 
invention CO2 sensor. It easily seen that sensor response is 
substantially ?at after an initial period of decline. 

[0051] FIG. 5 is a graph demonstrating the response of the 
invention CO2 sensor to CO2 levels in a gas. The loWer CO2 
concentration sensitivity at about 2000 ppm and beloW is 
especially useful for devices incorporating the CO2 sensor 
into a display, recording or control system Where the gas Will 
come into contact With breathing air of animal life. 

[0052] FIG. 6 is a graph of the invention CO2 sensor 
response to non-CO2 components of air as to the response 
of the sensor shoWn in FIG. 5. 

[0053] FIG. 7 is an infrared spectra of the bulk invention 
electrolyte. 

[0054] FIG. 8 are the infrared spectra of the bulk and thin 
?lm invention electrolyte maintained at 130° C. and 400° C. 
for 14 days, demonstrating component integrity and contin 
ued stability of the invention electrolyte over time. Compo 
nent locations on the spectrum are shoWn in the Figure. 
TracesAand C shoW, respectively, bulk poWder composition 
after 14 days of exposure to heating in air at 400° C. and 
130° C. Traces B and D shoW, respectively, thin ?lm 
composition after 14 days of exposure to heating in air at 
130° C. and 400° C. It Will be readily appreciated that the 
poWder electrolyte experiences a greater percentage loss of 
electrochemically effective components in the increase in 
temperature from 130° C. to 400° C. than the thin ?lm 
electrolyte. The thin ?lm embodiment of the invention 
electrolyte remains effective in composition through long 
periods of exposure to much higher temperatures than 
required for effective operation. 

[0055] The speci?c example of the above thin ?lm CO2 
sensor operates effectively With a current of about greater 
than about 5-10 mA. The loW poWer usage translates into 
loW ambient heat transfer, thereby permitting use in com 
pact, temperature sensitive devices. It is, hoWever, an alter 
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nate embodiment of the sensor assembly to do Without the 
RTD’s and thin ?lm heater Where ambient conditions of a 
sensed gas are Within the temperature range required by the 
invention sensor assembly. 

[0056] Embodiment for Composite Membrane for Protec 
tion of a Gas Sensor 

[0057] The present invention of this embodiment is one of 
the many forms of gas components sensors in the prior art 
or to be developed later that are protected from some gas 
components by a dual layer membrane or a membrane that 
is effectively made to exhibit properties of such dual layer 
membranes. Speci?cally, it is knoWn that electrolyte based 
gas sensors may impaired by gas components such as Water, 
oxides of nitrogen or sulfur, or other such components. The 
impairment components typically react to permanently dam 
age the gas sensor abilities or may compete for sensing 
surface area or sites on the gas sensor. In either case, a gas 
sensor can require that one or more gas components be 
excluded for short term or long term sensing stability. 

[0058] The folloWing discloses prior art gas sensors. Essa 
lik et al (Study of a neW solid electrolyte thin ?lm micro 
potentiometric carbon dioxide gas sensor, J. NeW Mat. 
Electrochemical Systems 1, 67-70 (1998) discloses a thin 
?lm CO2 sensor With a composition similar to the invention 
electrolyte Without ions of the electrode metal or different 
electrode metals. 

[0059] US. Pat. No. 4,388,155 discloses a shielded side 
sensor illustrating the operation problems of exposing both 
electrodes to the sensed gas. 

[0060] EP Application 91113350.2 discloses a sensor of 
the NASICON type requiring speci?c ratios of alkali metal 
carbonates to alkaline metal carbonates. 

[0061] US. Pat. No. 5,759,366 discloses a solid electro 
lyte ceramic With alkali ion conductivity, and tWo electrodes 
of conductor material inert With respect to the electrolyte. 

[0062] US. Pat. No. 4,715,944 discloses an allegedly 
stable operation CO2 sensor having a gas shielding layer 
With respect to the electrolyte thereby protected. 

[0063] US. Pat. No. 5,910,239 discloses titanium dioxide 
or tin dioxide used in alkali/alkaline earth metal based 
electrolyte. 

[0064] HoWever, gas sensors operate on the principle of 
gas exchange, i.e., that a volume of gas, typically small, is 
sensed and is replaced With another volume that is in turn 
sensed. The volumes exchanged must be representative of 
the larger volume Whose composition is of concern. The 
requirement of gas exchange has resulted in development of 
some selective membranes for gas sensors. Selectivity by 
membrane necessarily sloWs response over the condition 
Where no membrane is used. Thus, the bene?ts of selectivity 
for protection of a gas sensor must be balanced against the 
capability of the membrane to exchange volumes of gas With 
the external environment in time for a sensor response to be 
of use. 

[0065] The art of membranes for protection of gas sensors 
has been expanded With the present invention. The present 
invention is a composite membrane comprising a support 
layer arranged so that it is bonded to an exclusion layer, the 
dual layer forming a barrier against an external environment 
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having one or more undesirable gas components. The com 
posite membrane has adequate porosity for required gas 
volume exchange and is preferably near the gas sensor 
Without an intervening layer. The exclusion layer is applied 
to the side of the support layer that Would be exposed to the 
external environment. 

[0066] In a speci?c embodiment, a general class of com 
posite membranes is disclosed as those dual layer mem 
branes used in fuel cell technology for gas diffusion elec 
trodes, With or Without electrocatalyst loading, a commercial 
embodiment of Which is currently sold by E-Tek Inc., a Well 
knoWn provider of fuel cell components to the industry. That 
commercial product has a porous support layer overlain With 
Te?on® (PTFE) that has been pressed onto or into the 
surface of the support layer. The sole uses of this composite 
membrane in the prior art has been for a liquid to gas 
interface. The commercial product is disclosed in combina 
tion With a system for fuel cells at their Internet Web site at 
WWW.etekinc.com/about.html Where they describe their 
product as an electrode or catalyst (support layer) that can be 
adhered directly to a polymer electrolyte membrane. The 
constructions are knoWn to E-Tek, Inc. as membrane elec 
trode assemblies used in fuel cells for poWer generation. 
This art of composite membranes has been developed for 
electrical poWer generation as a liquid to gas interface since 
1930. Although the technology has advanced dramatically, 
the uses in the prior remain as a liquid to gas interface With 
unidirectional How of gas components. No prior art refer 
ence suggests their use as an interface for gas to gas Where 
gas exchange back and forth across the membrane occurs. 
The present invention uses the composite membrane in just 
such a manner to exclude from a gas sensor a component in 

the external environment gas. 

[0067] The support layer of the E-Tek, Inc. composite 
membrane has a porosity and other characteristics that are 
designed as a liquid Water to gas interface. The exclusion 
layer of the E-Tek, Inc. composite membrane is shoWn to be 
Na?on® or a polymer of the customer’s choosing. In 
preferred embodiment, the exclusion layer is Te?on® to 
form a hydrophobic layer on the support layer. The com 
posite layer thereby forms a Water exclusion dual layer 
membrane that surprisingly permits suf?cient diffusion back 
and forth across the membrane so that a gas sensor located 
fairly close to the membrane is protected but is capable of 
providing a timely response as to the concentration of one or 
more components in the external environment. Clearly, if 
one or more gas components are excluded from the gas 
sensed by a protected sensor, the concentration of the sensed 
gas component in the protected gas volume is not precisely 
that of the external environment. If it is likely that this Will 
introduce substantial error in the concentration desired to be 
knoWn by measurement by the gas sensor, a second sensor 
for the excluded components may sense them in the external 
environment and the result directed to a logic means such a 
computer With the result of the concentration of the desired 
gas component so that a correction may be made before 
transmittal to a user of the information. 

[0068] The E-Tek, Inc. product is a ?at and relatively thin 
support layer having pressed into or onto one side a polymer 
as an exclusion layer. US. Pat. Nos. 5798668, 6130175, and 
6156461 disclose ?uorinated polymers for both the porous 
support layer and a hydrophobic exclusion layer. 
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[0069] US. Pat. No. 5,126,216 and 5,298,343 are directed 
to a catalyst Whose activity as a catalyst is of no particular 
use to the present invention, although the solid material 
produced from production of the invention catalysts forms a 
material useful as support material for the present invention. 
The prior art discloses some dual layer membranes. US. Pat. 
No. 6,045,697 and the parent patents to it disclose a mineral 
oxide support With a polymer exclusion layer of PS, PVA, 
PFV, and others. US. Pat. No. 6,048,383 tells of a dual layer 
membrane With a support layer made of carbon ?ber in a 
thermoset resin or glass ?ber in an epoxy and an exclusion 
layer made of a ?uorinated polymer for hydrophobicity. 

[0070] FIGS. 10 and 11/12 are respectively perspective 
and cut aWay side vieWs of a speci?c embodiment of the 
invention system 200. A base plate 203 has sealingly 
mounted to it cover 202 Which has in its top surface a hole 
204 that alloWs external environment gas to pass to the 
cavity formed betWeen plate 203 and cover 202. Within that 
cavity and on the plate 203 is a representative gas sensor 
206, such as the above disclosed electrolyte gas sensors or 
other gas sensors that require gas contact With the sensor. 
Sensor 206 is open to the external environment except for 
composite membrane 201 sealed at its periphery 205 to the 
underside of the top part of cover 202, Where the sealing is 
gas tight so that substantially all gas exchange betWeen the 
external gas environment and the gas sensor passes back and 
forth through the composite membrane 201. In a preferred 
embodiment, the exclusion layer of membrane 201 is adja 
cent to the underside of the top part of cover 202 so that gas 
tight sealing betWeen cover 202 and membrane 201 is more 
easily accomplished and so that the support layer is sealed 
against the external environment that may have components 
damaging to the support layer materials. The preferred 
embodiment of FIGS. 10 and 11 teaches the skilled person 
by its disclosure that a composite membrane is sealed in a 
manner that does not permit external environment gas to 
reach the sensing surface of a gas sensor Without ?rst 
passing through the composite membrane. This means that 
the composite membrane 201 may contact or be sealed 
directly to the sensor 206 as in FIG. 12. Fabrication may 
permit sputtering or other such fabrication of a support layer 
of a membrane 201 directly on a top surface of a sensor 206 
With an exclusion layer applied later to the top surface of the 
support layer. 

[0071] Alternately, support layers may be applied as the 
above described polymers or mixtures thereof and the exclu 
sion layer applied thereafter. 

[0072] In a most dual layer composite membrane, FIG. 13 
shoWs a diagram of a commercial product of E-Tek, Inc. The 
product A-6 solid polymer electrolyte electrode, single sided 
version has support layer 209 as a plain Weave carbon cloth 
of 3.4 oZ/yd2 (116 g/m2). The support thickness is about 
0.36 mm. FIG. 14 is a microphotograph of an exemplary 
carbon cloth Vulcan XC-72 (Cabot Industries Corp.) used in 
the support layer of the composite membrane of composite 
membrane 207. A ?nished catalyZed electrode ranges from 
0.45 mm to 0.50 mm in thickness depending on the catalyst 
loading 210. Gas-side Wet-proo?ng is by means of a hydro 
phobic ?uorocarbon/carbon layer 208 on one side of cloth 
only. In the commercial product of FIG. 13, E-Tek, Inc. uses 
Na?on® as the hydrophobic ?uorocarbon for layer 208, 
Which is pressed at high pressure into the support layer 209 
to obtain the hydrophobic ?uorocarbon/carbon composite. 
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The Water exclusive effect of the inventive system may also 
be provided by other polymer in layer 208, as 30 disclosed 
in the research of J ochen Kerres et al in the article “DEVEL 
OPMENT OF MEMBRANES FOR ELECTROLYSIS AND 
MEMBRANE FUEL CELLS” (Institut fiir Chemische Ver 
fahrenstechnik, Universitat Stuttgart , Dec. 24, 1996, Col 
laborative Research Center SFB 270/Project A7, published 
at http://WWW.uni-stuttgart.de/sfb270/A7_E.htm). As is Well 
demonstrated in the prior art, no one heretofore has shoWn 
inclination to attempt to use the composite membranes of 
this embodiment of the invention system in a gas to gas 
interface for Water exclusion. In the composite membrane of 
FIG. 13, a model is disclosed for preparation of other 
component exclusive layers, Whereby layer 208 is a poly 
mer/carbon composition formed from pressing or combining 
by other method on to support layer 209 With high porosity 
and adequate support such as is found in carbon ?ber cloth 
or carbon paper. As for any physicochemical phenomena, 
the determining step is the sloWest step and in this embodi 
ment the sloWest step is the diffusion of the gas through the 
hydrophobic part of the membrane Which is equipped With 
the smallest porosity. It is most preferred Where the support 
layer is at least someWhat hydrophilic that the support layer 
be sealed from the outside environment by the hydrophobic 
layer and other structure or materials. 

[0073] FIG. 13A shoWs an alternate form 211 of a com 
posite membrane. Operation of electrolyte gas sensor typi 
cally requires heating to substantially over the vaporiZation 
temperature of Water. Hydrophilic layers 208 are impressed 
or adhered to both sides of a dessicant layer 212, although 
in one form of this embodiment a hydrophilic layer 207 is 
optionally eliminated from the side of the membrane facing 
the electrode. Dessicant layer 212 comprises either a dessi 
cant material such as a Zeolite or porous silica as the support 
for the hydrophobic layers 207 or a material such as carbon 
cloth or other porous material impressed or impregnated 
With Water absorbent but material that results in a porous 
support layer as in the device of FIG. 13. The composite 
membrane form 211 of FIG. 13 takes advantage of the 
heating of the gas sensor to dry the dessicant layer 212. 
During operation of a heated electrolyte electrode, Water 
molecules are typically not absorbed on the electrolyte in 
such quantity to seriously affect electrode performance. 
HoWever, in a non-operation state When the temperature of 
the electrode is reduced beloW the vaporiZation temperature 
of Water, Water molecules can absorb into the electrolyte of 
the electrode at an unacceptable rate and cause long term 
reduction in gas sensing accuracy. The present composite 
membrane uses dessicant in layer 212 to capture Water 
molecules. In non-heated states, gas Will pass from an 
atmospheric side of the membrane and through a layer 207 
to layer 212 Where Water Will be absorbed. The substantially 
dry gas Will pass directly to the gas sensor or through yet 
another hydrophilic layer 207 to enhance Water molecule 
retention in the dessicant layer 212. During heated opera 
tion, the Water molecules in layer 212 are driven off and 
layer 212 is again ready to capture Water molecules in 
non-heated states. Alternately, heated operation of the gas 
sensor may be initiated periodically not to speci?cally to 
sense a gas concentration but instead to drive off Water 
molecules from the dessicant layer. A dessicant layer may 
also be used With reduced temperate of the atmospheric gas 
to cause condensation of Water on the dessicant layer and 
drain means are provided to draW off the condensed Water, 
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Whereafter heated operation Will drive the Water off. The 
dessicant layer thus becomes an effective barrier to Water 
molecule intrusion into an electrolyte gas sensor. 

[0074] Embodiment for Drift Compensation With Dual 
Gas Sensors 

[0075] The above invention gas sensors for carbon dioxide 
exhibit effective lives much in excess of the prior art 
electrolytic sensors. HoWever, operation of the sensors in 
some environments indicates that continuous operation at 
effective temperatures leads to a drift in accurate measure 
ment of carbon dioxide in the measured gas volumes passing 
across the exposed surface of the electrolyte. 

[0076] FIG. 15 is a top vieW of a drift compensating 
embodiment of the present invention. An invention electro 
lyte gas sensor 100 as in FIG. 1 is shoWn in FIG. 15 closely 
associated With a substantially identically functioning elec 
trolyte gas sensor 100‘. The aspect numbers of sensor 100‘ 
identify substantially the same structure and function of the 
aspects of sensor 100, although the prime (‘) designation 
With an aspect number indicates the aspect’s association 
With sensor 100‘. The support 111 preferably brings sensors 
100 and 100‘ into such close supporting association With 
effectively about the same heat transfer from a heating 
element or means that the electrolytes of sensors 100 and 
100‘ experience about the same temperature during opera 
tion. Sensor 100‘ comprises a modi?cation of a gas tight 
overlay 110 that seals the electrolyte of sensor 100‘ against 
the atmosphere. The sealing of the sensor 100‘ preferably 
takes place in a typical ambient air atmosphere, although the 
sealing step may take place in a sensed component-rich or 
sensed component-absent gas atmosphere. 

[0077] It has been found that integrated operation of the 
sensor 100‘ With one or more sensors 100 at about the same 

temperature and in effective connection With logic means 
recording and comparing the potentials across the sensors 
100 and 100‘ results in a substantially constant potential 
across sensor 100‘ comparable to reduced potential drift of 
sensor 100 over a very long period of time. The logic means 
is programmed to record over a number of short periods the 
potential across sensor 100, Whereby a sequence of rela 
tively constant recorded potentials indicates a period of 
substantially constant sensed gas concentration of a sensed 
component. Where the potential of sensor 100 has declined 
from the start of the period of constant sensed gas concen 
tration of a sensed component to the end of that period, the 
rate of that decline is compared With the rate of a decline or 
change, if any, in the potentials across sensor 100‘ for the 
same period of time. The logic means uses the overall of 
instantaneous rate of change of sensor 100 mathematically 
compared With the overall of instantaneous rate of change of 
sensor 100‘ to generate a correction factor Which is applied 
to the current potential from sensor 100 Which is then 
mathematically transformed to a sensed component concen 
tration for use or display in display means such as in a 
display screen or printed on media from a printer. For 
example, if no change in potentials occurs across sensor 100‘ 
in a 30 hour period but a 10% decline has occurred in the 
potentials of sensor 100 in the same period Where inputs to 
the logic means indicates a substantially constant sensed 
component concentration for the period, then a correction 
factor of 1.10 (110%) in a simple ratio could be applied to 
the currently sensed potential across sensor 100 before 
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application of the logic means of mathematical conversion 
of the potential to sensed gas component concentration. 

[0078] The above design disclosures present the skilled 
person With considerable and Wide ranges from Which to 
choose appropriate obvious modi?cations for the above 
examples. HoWever, the objects of the present invention Will 
still be obtained by the skilled person applying such design 
disclosures in an appropriate manner. 

We claim: 

1. Adrift correction method comprising gas sensor assem 
blies selected from the types of a carbon dioxide gas sensor 
assembly, an oxides of nitrogen gas sensor assembly, and an 
oxides of sulfur gas sensor assembly, comprising: 

(a) each carbon dioxide gas sensor assembly comprises: 

(i) a ?rst electrolyte comprising one or more alkali 
metal carbonates, one or more alkaline earth metal 
carbonates, and one or more ?rst reference electrode 
metal halogens, Wherein the reference electrode 
metal of the ?rst reference electrode metal halogens 
is chosen from the group consisting of ruthenium, 
rhodium, palladium, rhenium, osmium, iridium, 
platinum and gold and the halogens of the ?rst 
reference metal halogens are chlorine, bromine or 
iodine; 

(ii) the ?rst electrolyte in electrochemical connection 
betWeen a ?rst sensing electrode and a ?rst reference 
electrode, such that the ?rst reference electrode con 
sists of a ?rst reference electrode metal and the 
sensing electrode consists of any other reference 
electrode metal; and 

(iii) the ?rst electrolyte and ?rst electrodes are sup 
ported on a ?rst substrate; 

(b) each oxides of nitrogen gas sensor assembly com 
prises: 
(i) a second electrolyte comprising one or more alkali 

metal nitrates, one or more alkaline earth metal 
nitrates, and one or more second reference electrode 
metal halogens, Wherein the reference electrode 
metal of the second reference electrode metal halo 
gens is chosen from the group consisting of ruthe 
nium, rhodium, palladium, rhenium, osmium, iri 
dium, platinum and gold and the halogens of the 
second reference metal halogens are chlorine, bro 
mine or iodine; 

(ii) the second electrolyte in electrochemical connec 
tion betWeen a second sensing electrode and a sec 
ond reference electrode, such that the second refer 
ence electrode consists of a second reference 
electrode metal and the sensing electrode consists of 
any other reference electrode metal; and 

(iii) the second electrolyte and second electrodes are 
supported on a second substrate; 

(c) each oxides of sulfur gas sensor assembly comprises: 

(i) a third electrolyte comprising one or more alkali 
metal sulfate, one or more alkaline earth metal 
sulfates, and one or more third reference electrode 
metal halogens, Wherein the reference electrode 
metal of the third reference electrode metal halogens 
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is chosen from the group consisting of ruthenium, 
rhodium, palladium, rhenium, osmium, iridium, 
platinum and gold and the halogens of the third 
reference metal halogens are chlorine, bromine or 
iodine; 

(ii) the third electrolyte in electrochemical connection 
betWeen a third sensing electrode and a third refer 
ence electrode, such that the third reference electrode 
consists of a third reference electrode metal and the 
sensing electrode consists of any other reference 
electrode metal; and 

iii the third electrolyte and third electrodes are s11 - P 
ported on a third substrate; 

(d) a ?rst gas sensor assembly of a ?rst type exposed to 
a gas to be sensed; 

(e) a second gas sensor assembly of the ?rst type sealed 
against the gas to be sensed; and 

(f) having the ?rst and second gas sensor assemblies 
electrically connected to means for separately measur 
ing a voltage across them and for comparing those 
measured voltages, exposing the ?rst gas sensor assem 
bly to a gas to be sensed, operating the ?rst and second 
gas sensor assemblies, and measuring and comparing 
the voltages of the ?rst and second gas sensor assem 
blies. 

2. The method of claim 1 Wherein the ?rst and second gas 
sensors assemblies are carbon dioxide gas sensor assemblies 

and the gas to be sensed comprises carbon dioxide. 
3. The method of claim 1 Wherein the ?rst and second gas 

sensors assemblies are oxides of nitrogen gas sensor assem 
blies and the gas to be sensed comprises oxides of nitrogen. 

4. The method of claim 1 Wherein the ?rst and second gas 
sensors assemblies are oxides of sulfur gas sensor assem 
blies and the gas to be sensed comprises oxides of sulfur. 

5. The method of claim 1 Wherein a difference in the 
voltages across the ?rst and second gas sensors assemblies 
is used to calculate a correction to a calculated concentration 
of a component in the gas to be sensed based on the voltage 
across the ?rst gas sensor assembly. 

6. The method of claim 1 Wherein a difference in the 
voltages across the ?rst and second gas sensors assemblies 
is used to calculate a correction to a calculated concentration 
of a component in the gas to be sensed based on the voltage 
across the ?rst gas sensor assembly. 

7. The sensor of claim 6 Wherein a the corrected and 
calculated concentration of a component of the gas to be 
sensed is displayed, stored or used in the operation of a 
control system. 

8. An array of tWo or more gas sensor assemblies selected 
from the types of a carbon dioxide gas sensor assembly, an 
oxides of nitrogen gas sensor assembly, or an oxides of 
sulfur gas sensor assembly, comprising: 

(a) each carbon dioxide gas sensor assembly comprises: 

(i) a ?rst electrolyte comprising one or more alkali 
metal carbonates, one or more alkaline earth metal 
carbonates, and one or more ?rst reference electrode 
metal halogens, Wherein the reference electrode 
metal of the ?rst reference electrode metal halogens 
is chosen from the group consisting of ruthenium, 
rhodium, palladium, rhenium, osmium, iridium, 
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platinum and gold and the halogens of the ?rst 
reference metal halogens are chlorine, bromine or 
iodine; 

(ii) the ?rst electrolyte in electrochemical connection 
betWeen a ?rst sensing electrode and a ?rst reference 
electrode, such that the ?rst reference electrode con 
sists of a ?rst reference electrode metal and the 
sensing electrode consists of any other reference 
electrode metal; and 

(iii) the ?rst electrolyte and ?rst electrodes are sup 
ported on a ?rst substrate; 

(b) each oxides of nitrogen gas sensor assembly com 
prises: 

(i) a second electrolyte comprising one or more alkali 
metal nitrates, one or more alkaline earth metal 
nitrates, and one or more second reference electrode 
metal halogens, Wherein the reference electrode 
metal of the second reference electrode metal halo 
gens is chosen from the group consisting of ruthe 
nium, rhodium, palladium, rhenium, osmium, iri 
dium, platinum and gold and the halogens of the 
second reference metal halogens are chlorine, bro 
mine or iodine; 

(ii) the second electrolyte in electrochemical connec 
tion betWeen a second sensing electrode and a sec 
ond reference electrode, such that the second refer 
ence electrode consists of a second reference 
electrode metal and the sensing electrode consists of 
any other reference electrode metal; and 

(iii) the second electrolyte and second electrodes are 
supported on a second substrate; 

(c) each oxides of sulfur gas sensor assembly comprises: 

(i) a third electrolyte comprising one or more alkali 
metal sulfate, one or more alkaline earth metal 
sulfates, and one or more third reference electrode 
metal halogens, Wherein the reference electrode 
metal of the third reference electrode metal halogens 
is chosen from the group consisting of ruthenium, 
rhodium, palladium, rhenium, osmium, iridium, 
platinum and gold and the halogens of the third 
reference metal halogens are chlorine, bromine or 
iodine; 

(ii) the third electrolyte in electrochemical connection 
betWeen a third sensing electrode and a third refer 
ence electrode, such that the third reference electrode 
consists of a third reference electrode metal and the 
sensing electrode consists of any other reference 
electrode metal; and 

iii the third electrolyte and third electrodes are s11 - P 
ported on a third substrate; 

(d) a ?rst gas sensor assembly of a one type is adapted to 
be exposed to a ?rst gas to be sensed; and 

(e) a second gas sensor assembly of one other type is 
adapted to be exposed to the ?rst gas to be sensed. 

9. The array of claim 8 Wherein a third gas sensor 
assembly of a last type is adapted to be exposed to the ?rst 
gas to be sensed. 
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10. The array of claim 8 wherein a selectively permeable 
membrane seals at least one of the gas sensor assemblies 
against the ?rst gas to be sensed such that at least one 
component of the ?rst gas to be sensed is substantially 
excluded from the ?rst gas to be sensed reaching the 
electrolyte of the gas sensor assembly. 

11. The array of claim 8 Wherein the ?rst gas sensor 
assembly is a carbon dioXide gas sensor assembly and the 
second gas sensor assembly is an oXides of nitrogen gas 
sensor assembly. 
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12. The array of claim 8 Wherein the ?rst gas sensor 
assembly is a carbon dioxide gas sensor assembly and the 
second gas sensor assembly is an oXides of sulfur gas sensor 
assembly. 

13. The array of claim 8 Wherein the ?rst gas sensor 
assembly is a oXides of nitrogen gas sensor assembly and the 
second gas sensor assembly is an oXides of sulfur gas sensor 
assembly. 


