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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a hydrocarbon
sensor for detecting hydrocarbon and measuring its con-
centration in a temperature range from room temperature
to high temperature (800°C) that can be used for com-
bustion control (lean burn) of combustion engine and ap-
pliance, for detecting hydrocarbon in exhaust gas from
automotive engine, stove, and catalytic combustion ap-
pliance, by detection of hydrocarbon in the living envi-
ronments.

2. Related Art of the Invention

[0002] As the method for measuring or detecting hy-
drocarbons, roughly classified by material, the semicon-
ductor type and electrolyte type are known. In the sem-
iconductor type using TiO2, SnO2, and the like, a semi-
conductor material is blended with a catalytic active ma-
terial in order to react with CO and other reducing gas
and to add selectivity. For combustion with catalyst, how-
ever, the atmosphere requires oxygen, and the hydro-
carbon concentration cannot be detected correctly in ox-
ygen-free state or in the atmosphere varying in the oxy-
gen concentration.
[0003] JP-A-06242060 discloses a hydrocarbon sen-
sor comprising a pair of electrodes sandwiching a proton
conductive solid electrolyte.
[0004] The type using electrolyte, on the other hand,
requires an excellent proton conductor. For use in com-
bustion engine and appliance, a proton conductor of ox-
ide usable at room temperature or higher is needed. Re-
cently, as proton conductor of oxide, CaZr0.9In0.1O3-α
oxide is developed, and it is attempted to be applied in
hydrocarbon sensor.
[0005] Such a sensor is disclosed in H. Iwahara: "Tech-
nological challenges in the application of proton conduct-
ing ceramics", Solid State lonics, vol. 77, no. 1 pages
289-298, 1 April 1995, Netherlands.
[0006] As the hydrocarbon sensor using solid electro-
lyte of calcium-zirconium oxide as far as known at the
present, the electromotive force type using Pd-Au elec-
trode (Nagoya University) <reference, Collected papers
of spring meeting of Japan Electrochemical Society,
1995>, and the limit current detection type using porous
alumina as diffusion rate determining layer (Toyota Cen-
tral Research Institute) <reference, Collected paper of
fall meeting of Japan Sensor Association, 1996> are
known. However, the proton conductivity of solid electro-
lyte of calcium-zirconium oxide is as small as 5 x 10-4

S/cm at 600°C, and in order to raise the sensor sensitivity,
in the electromotive force type, the operating temperature
must be set at high temperature of 700°C, or in the current
detection type, it is difficult to use unless the film is made

thin, and a solid electrolyte material of a higher proton
conductivity has been demanded.
[0007] As for detecting mechanism and structure, in
the electromotive force type, since the catalytic function
of electrode is utilized, accurate detection of hydrocarbon
is not expected in oxygen-free state or in the atmosphere
of large concentration changes of oxygen. In the current
type using alumina porous matter in the diffusion rate
determining layer, it is hard to set the electrolyte voltage
of hydrocarbon. Thus, various problems are involved in
the prior arts.
[0008] That is, as the detector of hydrocarbons in living
environments, or the hydrocarbon concentration detector
of combustion exhaust gas from automotive engine,
stove and other combustion appliance, there is an in-
creasing demand for small, handy, and inexpensive sen-
sor that is selective, and high in sensitivity and reliability
in any atmosphere (free from effects of oxygen concen-
tration). The sensor using calcium-zirconium oxide is
small in proton conductivity, and a solid electrolyte having
a higher proton conductivity is needed for smaller size,
easier use, and higher sensitivity. Considering the de-
tection characteristic, the method and mechanism for de-
tecting hydrocarbons only accurately in any ambient en-
vironments are demanded.

SUMMARY OF THE INVENTION

[0009] Considering such conventional problems, it is
hence an object of the invention to realize a small, handy,
and inexpensive hydrocarbon sensor that is selective,
and high in sensitivity and reliability in any atmosphere
(free from effects of oxygen concentration).
[0010] This problem is solved with the hydrocarbon
sensor according to claim 1.
[0011] In the light of the above problems, the invention
presents a hydrocarbon sensor characterized by using
barium-cerium oxide of high proton conductivity as solid
electrolyte, and preferably the barium-cerium oxide con-
tains a rare earth element at least in the third element.
To detect hydrocarbons only accurately, in the hydrocar-
bon sensor of current detection type comprising a pair of
electrodes, proton conductor, and hydrocarbon diffusion
rate determining layer, it is intended to present a sensor
having one electrode being active to hydrogen and hav-
ing proton diffusion rate determining function, and the
electrode having the proton diffusion rate determining
layer contains at least one element selected from the
group consisting of the elements Pd, Ag, Pt, Ru, Ti, V,
Ca, Mg, Mn, Cu, Ni, Zi, and La.
[0012] By executing the above means, it is possible to
fabricate a small, handy, and inexpensive sensor that is
selective, and high in sensitivity and reliability in any at-
mosphere (free from effects of oxygen concentration).
[0013] The hydrocarbon sensor of the invention is us-
able as hydrocarbon detector in living environments, and
as hydrocarbon concentration detector of combustion ex-
haust gas from automotive engine, stove and other com-
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bustion appliance, in a temperature range from room
temperature to high temperature (800°C).

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a diagram of ion conductivity in hydrogen
atmosphere of barium-cerium oxide.
Fig. 2 is a structural diagram of an electromotive
force type hydrocarbon sensor in an embodiment of
the invention.
Fig. 3 is a diagram showing the relation of gas con-
centration and electromotive force at 500°C of the
sensor in the embodiment of the invention.
Fig. 4 is a structural diagram of a current detection
type hydrocarbon sensor in other embodiment of the
invention.
Fig. 5 is a diagram showing the relation of gas con-
centration and limit current at 500°C of the sensor in
the embodiment of the invention.
Fig. 6 is a structural diagram of a sensor not accord-
ing to the invention.
Fig. 7 is a diagram showing the relation of gas con-
centration and limit current at 700°C of the sensor
of Fig .6
Fig. 8 is a structural diagram of a sensor not accord-
ing to the invention.
Fig. 9 is a diagram showing the relation of gas con-
centration and electromotive force of the sensor of
Fig. 8

[REFERENCE NUMERALS]

[0015]

1 Solid electrolyte
2 Hydrocarbon active electrode (working electrode)
3 Inert electrode (counter electrode)
4 Heater
5 Anode
6 Cathode
7 Forsterite substrate composing diffusion rate de-

termining layer
8 Glass
9 Anode having proton diffusion rate determining

function
10 Platinum cathode
11 Hydrocarbon active electrode
12 Inert electrode
13 Proton conductive solid electrolyte of hydrogen

pump
14 Pair of platinum electrodes

PREFERRED EMBODIMENTS OF THE INVENTION

[Embodiment 1]

[0016] This embodiment is an example of electromo-
tive force type hydrocarbon sensor using a barium-ceri-
um oxide as solid electrolyte.
[0017] Fig. 1 shows the ion conductivity of barium-ce-
rium oxide in hydrogen atmosphere, in comparison be-
tween calcium-zirconia oxide and strontium-cerium ox-
ide. As shown in the diagram, the proton conductivity of
barium-cerium oxide is known to be higher than that of
other materials. Using this material, an electromotive
force sensor was actually fabricated, and high sensitivity
sensing of hydrocarbon and operation at low temperature
were investigated.
[0018] Fig. 2 shows a structure of an electromotive
force type hydrocarbon sensor of the invention. In this
sensor, a solid electrolyte 1 is composed of
BaCe0.8Gd0.2O3-α sinter of 10 mm x 10 mm x 0.5 mm
thick, a hydrocarbon active electrode (working electrode)
2 of palladium (baking), and an inert electrode (counter
electrode) 3 of gold (baking), and the sensor element is
designed to be heated by a heater 4.
[0019] Hydrocarbon gas reacts with oxygen in the ac-
tive electrode 2, and steam is generated. On the other
hand, in the inert electrode 3, no reaction takes place,
and an electromotive force due to steam contrast occurs
between the active electrode 2 and inert electrode 3. At
this time, in the solid electrolyte, the proton is a charge
carrier
[0020] Using methane, ethane and propane diluted in
air as sample gas, each gas was passed through the
sensor of the embodiment at flow velocity of 200 cc/min.
Varying the gas concentration, the electromotive force
to the concentration at various temperatures was inves-
tigated. Fig. 3 shows the relation of gas concentration
and electromotive force at 500°C. In a gas concentration
range of 0 to 1%, the electromotive force changed linearly
in any gas, and this sensor was proved to work favorably
at 500°C. The response was also excellent, and it was
about 10 seconds in 90% response. When using calci-
um-zirconia oxide as the solid electrolyte, incidentally, at
low temperature of 500°C, since the proton conductivity
was small, the electromotive force was unstable relatively
to the concentration. Hence, obviously, the electromotive
force type hydrocarbon sensor using barium-cerium ox-
ide as solid electrolyte of the invention operated favora-
bly, and was found to be high in sensitivity as compared
with the calcium-zirconia derivatives.
[0021] In this embodiment, palladium was used in the
active electrode and gold in the inert electrode, but plat-
inum may be used in the active electrode and copper in
the inert electrode, or different combinations may be em-
ployed. Moreover, the shape and fabricating method of
electrolyte and electrodes are not limited.
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[Embodiment 2]

[0022] This embodiment is an example of current de-
tection type hydrocarbon sensor of constant potential
electrolytic type using barium-cerium oxide in the solid
electrolyte.
[0023] Fig. 4 shows a structure of the current detection
type hydrocarbon sensor of the invention. In this sensor,
a solid electrolyte 1 is composed of BaCe0.8Y0.2O3-α sin-
ter of 10 mm x 10 mm x 0.5 mm thick, an anode 5 and a
cathode 6 are baked platinum electrodes, and the hydro-
carbon diffusion rate determining layer is fabricated of
forsterite substrate 7 and glass 8. This sensor element
is designed to be heated by a heater 4.
[0024] The hydrocarbon passes through a diffusion
rate determining path formed of forsterite and glass, and
is dissociated into protons by electrolysis in the anode 5,
conducts through proton conductive solid electrolyte, and
is released as hydrogen through the cathode 6. At this
time, an electric current flows in proportion to the proton
moving amount, and a limit current flows depending on
the hydrocarbon amount (concentration) of which diffu-
sion is determined by rate.
[0025] Same as in the preceding embodiment, meth-
ane, ethane, and propane diluted in air were used as
sample gas, and passed into the sensor at a flow velocity
of 200 cc/m. Varying the gas concentration, the limit cur-
rent to concentration was investigated at various temper-
atures. Fig. 5 shows the relation of gas concentration and
limit current at 500°C. In a gas concentration range of 0
to 1%, the limit current changed linearly in any gas, and
this sensor was proved to work favorably at 500°C. The
response was also excellent, and it was about 10 sec-
onds in 90% response. When using calcium-zirconia ox-
ide as the solid electrolyte, incidentally, at low tempera-
ture of 500°C, since the proton conductivity was small,
the current was too small to be detected. Hence, obvi-
ously, the current detection type hydrocarbon sensor of
constant potential electrolytic type using barium-cerium
oxide as solid electrolyte of the invention operated favo-
rably, and was found to be high in sensitivity as compared
with the calcium-zirconia derivatives.
[0026] In this embodiment, the diffusion rate determin-
ing layer was fabricated by using ceramic substrate and
glass, but the diffusion rate determining layer may be
composed of a porous ceramic substrate or a single-pore
substrate. In the embodiment, platinum is used as elec-
trode material, but palladium or other material may be
used. Moreover, the shape and fabricating method of
electrolyte and electrodes are not limited.

[Example]

[0027] This example not according to the invention but
useful for the understanding of the invention related to a
sensor having one electrode active to hydrogen and func-
tioning to determine the proton diffusion rate; in a current
detection type hydrocarbon sensor comprising a pair of

electrode, proton conductor, and hydrocarbon diffusion
rate determining layer.
[0028] In the sensor structure, as shown in Fig. 6, a
solid electrolyte 1 is composed of CaZr0.9In0.1O3-α sinter
of 10 mm x 10 mm x 0.5 mm thick, an anode 9 is made
of Ag-Pd electrode having proton diffusion rate determin-
ing function, and a cathode 10 is made of platinum. This
sensor element is heated by an external heater 4. This
structure does not require diffusion rate determining lay-
er, and is hence much simplified.
[0029] Same as in the preceding embodiments, meth-
ane, ethane, and propane diluted in air were used as
sample gas, and passed into the sensor at a flow velocity
of 200 cc/m. Varying the gas concentration, the limit cur-
rent to concentration was investigated at various temper-
atures. Fig. 7 shows the relation of gas concentration and
limit current at 700°C. In a gas concentration range of 0
to 1%, the limit current changed linearly in any gas, and
this sensor having the proton diffusion rate determining
function was proved to work favorably. The electrolytic
voltage was a constant value, and all sample gases could
be detected. As compared with the foregoing embodi-
ments in which the electrolytic voltage must be set dif-
ferently for each type of hydrocarbon, it is a feature of
this example that the quantity of hydrogen in hydrocar-
bons can be measured by one operation.
[0030] In this example, Ag-Pd alloy electrode is used
as the electrode having the proton diffusion rate deter-
mining function, but, aside from Pd and Ag, favorable
results were obtained in other electrodes adding Ag or
Ru to alloy electrodes of Ti-Mn, Zr-Mn-V, Ca-Ni-, Mg-Ni,
La-Ni, etc. In the example, as the electrolyte material,
CaZr0.9In0.1O3-α sinter is used, but barium-cerium oxide,
strontium-cerium oxide and others may be also em-
ployed. Moreover, the shape and fabricating method of
electrolyte and electrodes are not limited.

Example 2

[0031] This example not according to the invention,
but useful for the understanding of the invention relates
to a hydrocarbon sensor characterized by comprising an
element capable of generating or moving hydrogen, so
as to detect in any atmosphere even in the complete ab-
sence of oxygen.
[0032] A structure of this sensor is shown in Fig. 8. A
solid electrolyte 1 of the sensor element is composed of
BaCe0.8 Dy0.2O3-α sinter of 10 mm x 10 mm x 0.5 mm
thick, a hydrocarbon active electrode 11 is made of Ag-Pd
electrode, and an inert electrode 12 is made of gold. An
element (hydrogen pump) for generating or moving hy-
drogen is composed of CaZr0.9In0.1O3-α proton conduc-
tive solid electrolyte 13, and a pair of platinum electrodes
14, and the inert electrode side of the sensor was sealed
with glass.
[0033] This element is heated to 500°C, an electric cur-
rent is passed into the hydrogen pump in a direction of
sending hydrogen into the sensor element (the outer side
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is positive electrode, the inner side is negative electrode),
and the electrode potential of the inert electrode is the
hydrogen reference electrode. At this time, in the hydro-
carbon active electrode, proton is produced, and an elec-
tromotive force is generated between the active electrode
and the inert electrode due to hydrogen contrast.
[0034] Using methane, ethane and propane diluted in
carbon dioxide as sample gas, each gas was passed
through the sensor at flow velocity of 200 cc/min. Varying
the gas concentration, the electromotive force to the con-
centration at various temperatures was investigated. Fig.
9 shows the relation of gas concentration and electromo-
tive force. In a gas concentration range of 0 to 1%, the
electromotive force changed linearly in any gas, and this
sensor was proved to work favorably in an oxygen-free
state. The response was also excellent, and it was about
15 seconds in 90% response.
[0035] Hence, obviously, the sensor of the example
having the element for detecting hydrocarbons and the
element for generating or moving hydrogen was proved
to detect hydrocarbon successfully even in the absence
of oxygen.
[0036] In the example, Ag-Pd is used in the active elec-
trode and gold in the inert electrode, but platinum may
be used for the active electrode and copper for the inert
electrode, or different combinations may be employed.
The shape and fabricating method of electrolyte and elec-
trodes are not limited.
[0037] In the foregoing embodiments and examples,
the solid electrolyte is composed of BaCe0.8Gd0.2O3-α,
BaCe0.8Y0.2O3-α, and BaCe0.8Dy0.2O3-α, but also
BaCe0.8Sm0.2O3-α or BaCe0.8Tb0.2O3-α, or the like may
be employed. Of course, the electrodes of platinum, sil-
ver, gold or palladium used in these examples may be
mixtures with other components, and the shape and syn-
thesizing method are not limited, and methods of synthe-
sizing and manufacturing the electrolyte and diffusion
rate determining layer may include coating method, va-
por deposition sputtering method, CVD method, etc.
[0038] The voltage and current applied to the cell and
device are not limited to shown examples, and the sensor
operating temperature is not specified.
[0039] In embodiment 2 and example 2, the sealing
material may be either ceramics or glass.
[0040] Of course, the sensor shape, size, manufactur-
ing method, and working method are not particularly
specified.
[0041] As clear from the description herein, the inven-
tion presents a small, handy, and inexpensive sensor
that is selective, and high in sensitivity and reliability in
any atmosphere (free from effects of oxygen concentra-
tion). Therefore, the hydrocarbon sensor of the invention
is usable as hydrocarbon detector in living environments
or hydrocarbon concentration detector of combustion ex-
haust gas from automotive engine; stove or other com-
bustion appliance.

Claims

1. A hydrocarbon sensor comprising:

a solid electrolyte (1); and
first and second electrodes (2, 3) kept in contact
with said solid electrolyte (1); wherein
a hydrocarbon concentration is detected by us-
ing protons generated when the hydrocarbon is
decomposed by coming into contact with said
electrodes (2) and which move in said solid elec-
trolyte (1),
characterized in that
said hydrocarbon sensor comprises a heater (4)
heating said solid electrolyte (1);
a barium-cerium oxide is used as the solid elec-
trolyte (1); and
a material containing at least one of copper or
a noble metal which is at least any one of Pt,
Au, Ag, Pd and Ru is used in at least one elec-
trode (2, 3).

2. The hydrocarbon sensor according to claim 1,
wherein said first and second electrodes (2, 3) are
composed of different materials; and
said hydrocarbon concentration is detected by elec-
tromotive force generated between said first and
second electrodes (2, 3) by proton moving in said
solid electrolyte (1).

3. The hydrocarbon sensor according to claim 2,
wherein palladium, platinum, or ruthenium is con-
tained as electrode material in at least one of said
first and second electrodes (2, 3).

4. The hydrocarbon sensor according to claim 1, com-
prising a hydrocarbon diffusion rate determining lay-
er (7), wherein the hydrobcarbon concentration is
detected by a current generated by proton flowing in
the solid electrolyte (1) by constant potential elec-
trolysis.

5. The hydrocarbon sensor according to claim 4 where-
in:

the hydrocarbon diffusion rate determining layer
(7) is disposed on the side of positive electrode
of said first and second electrodes (2, 3); and
further comprises
a constant potential applying means for applying
a constant potential.

6. The hydrocarbon sensor according to claim 2 or 4
wherein the barium-cerium oxide contains a rare
earth element at least in the third element such as
gadolinium.
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Patentansprüche

1. Kohlenwasserstoffsensor mit:

einem festen Elektrolyten (1), und
ersten und zweiten Elektroden (2, 3), die in Kon-
takt mit dem festen Elektrolyten (1) stehen, wo-
bei
eine Kohlenwasserstoffkonzentration durch
Nutzung von Protonen, die generiert werden,
wenn der Kohlenwasserstoff durch Kontakt mit
den Elektroden (2) aufgetrennt wird, und die sich
in dem festen Elektrolyten (1) fortbewegen, er-
fasst wird,
dadurch gekennzeichnet, dass
der Kohlenwasserstoffsensor einen Heizer (4)
zum Heizen des festen Elektrolyten (1) umfasst,
dass
Barium-Ceriumoxid als fester Elektrolyt (1) be-
nutzt wird, und
ein Material, das zumindest Kupfer oder ein
Edelmetall, das zumindest eines aus Pt, Au, Ag,
Pd und Ru ist, umfasst, in zumindest einer Elek-
trode (2, 3) benutzt wird.

2. Der Kohlenwasserstoffsensor nach Anspruch 1, wo-
bei die erste und zweite Elektrode (2, 3) aus ver-
schiedenen Materialien aufgebaut sind, und
die Kohlenwasserstoffkonzentration durch elektro-
motorische Kraft, die durch Protonen, die sich in dem
festen Elektrolyten (1) bewegen, zwischen der er-
sten und zweiten Elektrode (2, 3) generiert wird, er-
fasst wird.

3. Der Kohlenwasserstoffsensor nach Anspruch 2, wo-
bei Palladium, Platin oder Ruthenium als Elektro-
denmaterial in zumindest einer der ersten und zwei-
ten Elektrode (2, 3) enthalten ist.

4. Kohtenwasserstoffsensor nach Anspruch 1, der eine
Kohlenwasserstoffdiffusionsrate bestimmende
Schicht (7) umfasst, wobei die Kohlenwasserstoff-
konzentration durch einen durch Protonen, die in
dem festen Elektrolyten (1) durch konstante Poten-
tialelektrolyse gebildet werden, bewirkten Strom er-
fasst wird.

5. Der Kohlenwasserstoffsensor nach Anspruch 4, wo-
bei:

die Kohlenwasserstoffdiffusionsrate bestim-
mende Schicht (7) auf der Seite der positiven
Elektrode der ersten und zweiten Elektrode (2,
3) angeordnet ist, und weiter ein Mittel zum An-
legen eines konstanten Potentials aufweist.

6. Kohlenwasserstoffsensor nach Anspruch 2 oder 4,
wobei das Barium-Ceriumoxid zumindest als drittes

Element ein seltenes Erden-Element, wie Gadolini-
um, umfasst.

Revendications

1. Capteur d’hydrocarbure comprenant :

un électrolyte solide (1) ; et
une première et une seconde électrodes (2, 3)
maintenues en contact avec ledit électrolyte so-
lide (1) ;
dans lequel
la concentration en hydrocarbure est détectée
au moyen de protons générés lorsque l’hydro-
carbure est décomposé par mise en contact
avec lesdites électrodes (2) et
qu’ils se déplacent dans ledit électrolyte solide
(1),
caractérisé en ce que
ledit capteur d’hydrocarbure comprend un dis-
positif de chauffage (4) chauffant ledit électroly-
te solide (1) ;
un oxyde de baryum-cérium est utilisé comme
électrolyte solide (1) ; et
un matériau contenant l’un au moins parmi le
cuivre et un métal noble qui est l’un quelconque
au moins parmi Pt, Au, Ag, Pd et Ru, est utilisé
dans au moins une électrode (2, 3).

2. Capteur d’hydrocarbure selon la revendication 1,
dans lequel lesdits premier et second électrodes (2,
3) sont constitués de matériaux différents ; et
ladite concentration en hydrocarbure est détectée
par une force électromotrice générée entre lesdites
première et seconde électrodes (2, 3) par de dépla-
cement de proton dans ledit électrolyte solide (1) .

3. Capteur d’hydrocarbure selon la revendication 2,
dans lequel le palladium, le platine ou le ruthénium
est contenu en tant que matériau d’électrode dans
l’une au moins desdites première et deuxième élec-
trodes (2, 3).

4. Capteur d’hydrocarbure selon la revendication 1,
comprenant une couche déterminant la vitesse de
diffusion de l’hydrocarbure (7), dans lequel la con-
centration en hydrocarbure est détectée par un cou-
rant généré par un proton s’écoulant dans l’électro-
lyte solide (1) par une électrolyse à potentiel cons-
tant.

5. Capteur d’hydrocarbure selon la revendication 4,
dans lequel :

la couche déterminant la vitesse de diffusion de
l’hydrocarbure (7) est placée sur le côté de
l’électrode positive desdites première et deuxiè-

9 10 



EP 0 772 042 B1

7

5

10

15

20

25

30

35

40

45

50

55

me électrodes (2, 3) ; et comprend en outre un
moyen d’application d’un potentiel constant
pour appliquer un potentiel constant.

6. Capteur d’hydrocarbure selon la revendication 2 ou
4, dans lequel l’oxyde de baryum-cérium contient un
élément des terres rares dans au moins le troisième
élément tel que le gadolinium.
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