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OXYGEN SENSOR AND METHOD FOR PRODUCING SAME

This invention relates to an oxygen sensor, and
more particularly, to an oxygen sensor for controlling
air/fuel ratio which is 'utilized.in combination with a
three-way catalyst in an exhaust-gas purification' system for

automobiles and the like.
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Environment surrounding oxygen sensors is rather
severe. Regulation for exhaust gases is being intensified.
Especially, NO« regulation of 0.4 g/mile or 1less has
already been enforced in California. Hence, there become
importaﬁt prerequisites for sensors to suppress variations
in initial <control air/fuel Tratio (A/F ratio) and
variations in A/F ratio'after application for a long.period
of time.

‘Recently, ih addition, materials including silicon’
are mostly being used for engine parts (e.g., packings),
and the influence due to the presence of the silicon in

. = - .
exhaust gases cannot be ignored fo. tiae sensor.

In order to sﬁppress variations in the initial
control A/F ratio aﬁd variations in the A/F ratio after
applications for a long period of time, various kinds of
countermeagures have been performed in which a néble metal
is included within an exhaust;gas—side.prctective layer of
an oxygen sensor in order to compiete combustioﬁ reaction
of unburnt components until a gas reaches a sensor

electrode. Among them, the present applicant also found

?
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that by providing a protective layer (a second protective
laver) made of a nonstoichiometric compound, it is possible
to hold a catalyst which has a very strong effect even
after durability tests (JP Patent Application No. 62-311278
(1987), now JP Patent Kokai Publication No. 1-97855
(1989).

In this invention,
particles made of a nonstoichiometric <compound, for
example, TiO2-x .(x s 0.4), having electron holes or defects,

prevent the adgorption of excessive CO and Qz on
electrodes and/or protective layer in rich/lean atmosphereé, and are
adapted well to noble metals. Hence, it becomes possible
to concentraté the initial control A/F and control A/F
after dufabiliﬁy tests at near an excess air_factor A= 1.
The content of the noble metal in this layer is preferably
not more than 2 mole % relative to the nons£oichiometric
compoundi If the content exceeds this value, emission
gfadually becomes at the rich side, ana CO and the like
become exhausted; By using such an element, the control
A/F ratio of the sensor has 1little variations at the
initial stage as well as after applications for a long
perio& of time.

It has further turned out, however, that,
although the sensor element is more effective than
convenfional oxygen sensor elements when Si components are
included within exhaust gases, it is shifted to the lean

side to a large extent.
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. Accgrdingly? it is an object of the present
"invention to prevent variations ih the initial control A/F
ratia, to hinimize variations in the A/F ratio after
application for a long period of time, and to prevent shift
to the lean side due to Si poisoning and deterioration in

fal;mpgﬁgonsefproperty.

This objebt is solved by the oxygen sensor of independent
Claim 1. Further advantageous features of the Oxygen sensor
are evident from the dependent claims. The invention also
provides for a method for making the oxygen sensor, according
to independent claim 20. Further advantageous features of this

method are evident from the dependent claims.

I
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Accordingly, in the present invéntion (common
through all the aspects), by including at least a component
consisting of @Ia subgroup elements in the international
periodic table (termed hereinafter a "Ia subgroup
component”) within the protecﬁive laver (including that
carrying a noble metal), Si components can be subjected to adsorption
reaction by the protective layer before Si components
within exhaust gases reach the active site (or region) of
the sensor.

Presumably, it is due to the fact that since the Ia
subgroup component, especially Ca and/or Mg within
the protective layer, reacts to Si components contained within exhaust
gases at a temperature at which the sensor is used to

produce crystals having a low melting point, Si components do not

“penetrate into an air-permeable protective layer (a first

protective layer) which consists of a heat-resistant metal
oxide (especially of spinel and/or Al:0:) and does not
contain a Ia subgroup component, and a noble metal and
electrodes which exist within the first protective layer
are therefore protected. As the Ta subgroup component,
since especially chlorides and carbonates containing Ca or
Mg (or the both) can form very fine particles, they can
prevent the Si components from passing through, and also
are highly active to the Si.

However, when Si contained within the exhaust gas

is mixed at a low engine revolution, that is, at a Llow

temperature, Si-adsorbing effect by the Ia subgroup
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component (especially Ca.xﬁﬁm:Mgcompounds) is weakened, and
Si components occasionally penetrates into the protective layer
without performing reaction. In such case, when the sensor
is exposed at a high temperatqre, the Si is converted into
Si0z and the like to occasionally produce clogging in the
protective layer.

Accordingly, in a second aspect of the bresent
invention, the penetration of the Si components at a low temperature
can be prevented by providing a heater for heating the
sensor element. as well as including the @Ia subgroup
component within the protective layer on the side exposed
to the exh#ust gas. This is achieved dwe to the fact that
by raising Fhe temperature of the protective layer by the
heater to increase the adsorption capability of the Ia
subgroup component, the Si Components can react to the IIa subgroup
component to reduce the penetration of the Si alone.

In a third aspect_of the present invention, as the
base material for the protective layer (especially the
carrier of the Ia subgroup component), its metal oxide is
present as the nonstoiéhiometric compound. Si poisoning
can thus more effectiveiy be prevented. It is particularly
preferred to combine those aspects described above.

As described above, according to the present
invention, even if Si components exist in the exhaust gas,
it is possible to prevent Si poisoning and to concentrate
A/F ratio at near X 2 1, and fall response property is also

excellent. In addition, it is also possible to securely
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> . prevent deterioration in properties due to Si poisoning
even at low engine revolutions. or at low temperature of
exhaust gas.

FIG. Al is a partial cross-sectional view of a
sensor schematically indicating the functioné of the
present invention;

FIG. A2 is a partial cross-sectional view showing
an embodiment of an oxygen sensor of the present invention;

FIG. A3 and A4 are partial cross-sectional views
schematically indicating the functions of the present
invention (FIG. A3 is a case where there is no heater, and
FIG. A4 is a case where there is a heater);

FIG.-AS is a partial cross-sectional view showing
an embodiment of an oxygen sensor {having the shape of a
closed tube) of the present invention;

FIG. A6 is a partial cross-sectional view showing a
further embédiment of an oxygen sensor (having the shape of
a plate) of thg present invention;

FIG. AT is a cross—-sectional view showing an oxygen
sensor for full-range A/F ratio control (also provided with
a pumping element) according to the present invention;

FIG. A8 provides diagrams showing a semiconductor-
type oxygen sensor according to the present invention; FIG.
A8(a) is its plan view (a protective layef is omitted), and
FIG. A8(b) is its cross-sectional view;

FIG. A9 is a schematic diagram of waveforms showing

outputs during control after tests;
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FIGS. Al0 and All are diagram showing a waveform of
a sensor output and defining measured times (T.» and Ta. ),
respectively;

FIG. Al2 is a graph showing the initial control A/F
and changes in the control A/F after durability tests;

FIG. Al3 is a graph showing the initial (Tcz and
Ta. ) and changes in (Tuz: and Tz, ) after durability tests;

FIG. Bl is a semi-cross-sectional view showing an
oxygen sensor (a closed-tube-like oxygen sensor element) of
the present invention;

FIGS. B2 - B4 are schematic drawings of enlarged
cross-sections of I - [ in FIG. Bl;+FIG. B2 1is that
according to Example B-1, FIG. B3 is that according to
Example B-2 and FIG. B4 is that according to
Example B—3;

FIG. B5 is a schematic cross-sectional view showing
an oxygen sensor according to Example B-4 which comprises a
closed-tube-like element provided with a heater;

FIG. B6 is a plan view showing another oxygen
sensor element (having the shape of a plate) of the pfesent
invention;

FIGS. B7 and B8 are schematic drawings of enlarged
cross sections taken along lines VI and VE in FIG. B6,
respectively; FIG. B7 is according to Example B-5, and FIG.

B8 is according to Example B-6,
J
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FIG. B9 is a diagram for explaining step 7 in
Examples B-3 and B-6;

FIG..BIO is a diagram for explaining step 13 in
Examples B~3 and B-6;

FIGS. Bll-and Bl2 are diagrams showing steps 2 and
3 in Exémple B-7, respectively; and

FIG. Bl3 is a cross-sectional view showing an A/F-

ratio sensor as an embodiment of the present invention.

DEﬁpRIPTION OF THE PREFERRED EMBODIMENTS

As for the protective layer {(the second protective
layer) containing the Ia subgroup componeﬂt, Ca and/or Mg
are excellent as the @Ta subgroup elements. As for the
composition of the Ia subgroup component, nonoxides, for
example, chloridgs, carbonates and nitric salts such as CaCl:,
MgCO: and the like, are preferred. In an oxygen sensor
provided with a heater, however, even-oxides are effective.
Furthermore, their hydrates, for example, CaCl: - 2H20,
complex oxide such as CaCo, - MgCOs (dolomite), may also be
used._ The Ia subgroup component may be carried on a heat-

resistant metal oxide, such as Al.0O;, titania and the like.
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It is especially preferred to be carried on a

nonstoichiometric compound, for example, TiOz - and
Laz0O3-x, with being highly dispersed. The - values of x’s
for TiO2-x and Laz0s3-x are preferred to be 0 < x s 0.2

and 0 < x s 0.3; respectively.

As for its production method, there are a method in
which the Ia subgroup component has previously been carried
on, for examéle, titania particles (having an average
particle size of, for. example, 0.1 - 1 um), the resultant
particles are coated on the first protective layer as a
slurry, and the coated layer is subjected to heat treatment
(for example, 500 - 700 °C), a methods in which titania
particles are coated on the first protective layer, the
coated layer 1is then dipped in a solution of the Ia
subgroup component under a reduced pressure or under a
pressurized condition, and the resultant layer is subjected
to heat treatment, and the like. In these cases, the ratio
of the Ia subgroup component relative to the heat-resistant
metal oxide of the second protective layer may be not more,
tan. 30 wt% based on the Ia subgroup element, and, more
preferably, no£ more than 20 wt%. If the content exceedé
30 wt%, the responsive property of the sensor gradually
becomes worse, that is, clogging starts to occur.

In order to prevent deterioration in du;aSility of
a noble metal as an electrode or a catalyst, it is
neceséary that at least a part of the heat-resistant metal

oxide is present as a nonstoichiometric compound, for
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example, TiOz-.. It is unnecessary, however, that the
entire is a nonstoichiometric compound, but the Ia subgroup
component may also be dispersed and carried together with a
stoichiometric compound (for example, TiOz2, A4l203 and/or
spinel). Ih this case, the existence ratio of a
nonstoichiometric compound to a stoichiometric compound may
be not less. than 3 : 2, and, more preferably, not less than
2 : 1.

Furthefmore; by including a noble metal, preferably
Pt, in an amount of not more than 2 mole % (more
preferably, not less than 0.2 mole %, and not more than 1.5
mole % under conditions of concentrat®d (rich) lexhaust
gases) relative to the nonstoichiometric compound, it is
possible to further suppréss variations in the 1initial
control A/F ratio. In this case, as the second protective
layer, a Ia subgroup component and a noble metal may be
present in an identical portion or the second protective
layer may also consist of portions in whiéh a noble metal
is carried (a first protective portion) and a portion in
which Ia subgroup component is carried (a second protective
portion). In the latter case, however, it is necessary to
dispose the second protective portion at a more outer side.
Heat-resistant metal oxides for the first and second
protective portions are preferably made of both
nonstoichiometric compounds. As for the first protective

portion, it is necessary that a nonstoichiometric compound

exists in an amount of not less than 60 %. It is also
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preferred that the @Ia subgroup component is present
independently of the heat-resistant metal oxides for the
protective layer. The term’ "independently” or
“indepéndent" indicates that the Ia subgroup component does
not react to the metal oxides to form compounds which are
inert to Si components, such as MgTiOs .

A protective' layer (a first protective layer),

which is disposed on a2 more inner side than the second

protective layer and directly covers the electrode- and

which does not contain the Ia subgroup component, may also
be provided. The first protective layer may be made of a
heat~resistant metal oxide (spinel (M%O «+ Al203) and/or
alumina are particularly preferred), and may be firmly
adherednto be coated by flame spraying. ,Inclusion-of noble
metals, for example, Pt, Rh and/or Pd within the first
protective layer will result in complete oxidation and
reduction of unburnt components in the exhaust gas and
provision of control A/F ratio which is-excellent for a
sensor. 4 third protective layer made oﬁ, for example,
titania, alumina, épinel.and the like, may also be provided
on the outer side of the second protective layer.

It is of course necessary that each protective
layef has an air permeability to a degree such that does
not deteriorate the response property bf the sensor. For
that purpose, the first protective layer may have plenty of

fine pores with a porosity of roughly 10-30 % and a thickness of roughly 10

50 - 150um. For the second protective layer, fine pores may

il
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have, for example, a porosity of 8 - 35 % and a thickness
of 10 - 50 pum.

The surface on the side of the measuring electrode
of the main body of the sensor element made of, for
example, 2zirconia solid electrolyte, may have a structure
having a roughness in a depth of not less than 10 pgm. This
structure prevents peeling of the protective layer and is
therefore excellent in durability.

As the matérial for the main body of the sehsor
element, TiOz, CoO semiconductors and the like may also bé

used. As the

. A Y
nonstoichiometric compound, lanthanum oxide may also be

uséd other than TiOz-. (Ti oxide). As for the heater, any
kinds, materials (for example, ceramics) and mounting
positions may be allowed as long as the above-described
functions are provided.

EXAMPLES (A-1 to A-6)

Example A-1 (Table Al, Sample Nos. 1 - 14)

(1) Main bodies of the sensor element (provided
with thé electrodes and the first protective layer) were
produced by the following steps 1 - 9.

Step 1: |

5 mole % Y20; héving a purity of 99 % was added to
ZrO: having a purity of not less than 99 % and subjected to
wet blending, and the fesultant mixture was calcined at
1300 °C for 2 houfs.

Step 2:
o _
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Adding water, the calcined material was pulverized
in a ball mill in a wet state until 80 % of the particles
had particle sizes of not more than 2.5 um.

Step 3:

A water-soluble binder was added, and spherical
~ granulated particles having an average particle size of 70
um were obtained bylspray drying.

Step 4:

The granulated particles obtained at step 3 were
formed into a desired tube-like shape (the shape of a U-
tube) by.rubber pressing and dried. The formed material
was then ground into a predetermined shape by a grinding
tool.

Step 5:

A sludge, which was made by adding a water-soluble
binder, ceLlulose sodium glycolate and a solvent to the
granulated partiéles obtained in step 3, was applied on the
outer surface of the sample piece obtained in step 4.

Step 6:

After being dried, the sample piece obtained in
step 5 was fired at 1500 °C for 2 hours. The portion
corresponding to the "detection portion had a length in
axial direction of 25 mm, an outer diameter of about 5 mmo,
and an inner diameter of about 3 mme.

Step 7:
A Pt measuring electrode layer 0.9 pum thick was

deposited on the outer surface of the resultant sample
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piece of step 6 by electroless plating, and then baked at
1000 -°C.
Step 8:

MgO « Al:0; (spinel) powder was plasma sprayed to
form a first protective layer which directly covers the
electrode about 100 gm thick.

Stép 9:

A Pt reference electrode layer. was formed on the
inner surface of the resultant sample piece of step 8 in
the same manner as step 7 resulting in a main body of the
sensor element.

(2) The flame-sprayed portion‘of spinel of the
main body of sensor element was dipped 1into H2PtCls
solution containing 0.05 g/8 Pt, and evacuated to cause a
noble metal (Pt) to be carried within the first prbtective
layer. The carried amount of Pt was about 0.02 - 0.05 wt¥%
relative to the metal oxide of the first protective layer.

(3) The Ia subgroup compoﬂent, such as
CaClz - 2H. 0 (dissolved in pure water) and the like, were
added to TiOz2-x powder having an average particle size of
about 0.2 pm, dried while boiling and stirring, and then
the resultant mixture was subjected to heat treatment at 550°C. In samples No. 1l
and 12, a-Al0; was also added. The Ti02-x powder was
obtained by previously +treating TiO: particles under
nonokidizing atmosphere at a temperature not less than 600
°C. A nonstoichiometric compound may also be obtained by

including a noble metal as much as 0.01 mole % relative to
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TiO2 . For carrying a noble metal on the titania powder,
the titania pérticles were dipped into a solution of a salt
containing a desired noble metal, boiled and dried, and
then the resultant particles were subjected to heat
treatment in air at 550 °C.

(4) An organic bindef. and butyl carbitol were
added to the powder obtained at process (3) and the
resultant mixture was coated on the element obtained at
process (2) by a brush and baked. The baking was performed
under a reducing atmosphere at 500 °C.

(5) A sensor assembly was performed in a known
manner. S
Example A-2 (Table A2, Sample Nos. Al5 - A27)

(1) and (2): 1Identical to processes (1) and (2) in
the abovementioﬁed Example A-1.

(3) An organic binder and butyl carbitbl were
added to TiO:z-: powder having an average particle size of
about 0.2 pm, and the resultant mixture was coated on the
element obtained at process (2) by a brush and dried. The
drying was performed in air at 120 °C.

(4) CaCl: - 2H:0 was dissolved in water. The
coated portion of the element obtained at process 3 was
dipped in the solution and evacgated. At that time, Ca
concentration was changed in wvarious wvalues. The samples
were then dried in air at 100 °C.

Example A-3 (Table A3, Sample Nos. 28 - 35)

{(a) Production of the sensor element

\
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Identical to that in Examples A-1 or A-2 described
above.

{b) Production of the heater etc.

(1) A sheet comprised mainly of Al20: was formed
into a thickness of 0.8 mm by the dbctor blade method.

(2) Using a paste made by adding an organic binder
and a solvent to W as the main component, a conductive
pattern was printed by the screen printing method.

(3) Using & paste made by adding an organic binder
and a solvent to Al 0; as the main component, an additional
coating 30 gm thick was further provided.

(4) The sheet obtained at prodess (3) was wound
around an insulating tube having an outer &iameter of 2 mm
and comprised mainly of Al:03, resin was removed at 400 °C
for 24 hours, and the resultant tube was firgd at 1550 °C
for 2 hours.

(5) Lead wires were silver brazed at terminal
portions to provide a heater.

(6) When assembling the element, the heater
obtained at processes (1) - (5) was inserted so as not to
contact the inner surface of the closed-tube-like element.
Example A-4 (Table A3, Sample Nos. A37 - A39)

1. A sheet comprised mainly of ZrO: + -5 mole %
Y.0; was formed by the doctor blade method into a thickness
of 0.8 mm.

(2) Using a paste made by adding an organic binder

and a solvent to Pt as the main component, electrodes 20 um

~-16-
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thick were printed on both surfaces of the sheet by the
screen printing method.

(3)_ A paste, which was made by adding an organic
binder, a solvent and further a small amount of starch and
the like for the purpose of providing a porous material to
a main component A4l:0;3;, was coated so "as to coat the
electrodes in a thickness of 30 um.

(4) A paste, which was made by adding an organic
binder and a solvent to Al:0:3;, was coated on two surfgces
of a sheet identical to that in process 1 to a thickness of
30 um.

(5) A heater pattern 20 um thick was printed using
a paste identical to that used in process (2).

(6) Process (4) was further repeéted (on the surface
of the heater pattern, except the electrode).

(7) A sheet identical to that in pr;cess (1) was
cut. in the form generally of U, and the spacer sheet.wés'
interposed between the sheet printed with the electrode
obtained at processes (1) - (3) and the sheet incorporating
the heater pattern obtained in processes (4) - (6), and the
entife lamination was subjected to thermocompression
bonding.

(8) After resin was removed at 400 °C for 24
hours, the laminate was fired at 1500 °C for 4 hours.

(9) The protective layer carrying titania and the

"Ia subgroup component was formed. As for the second

protective layer, Sample No. A37 is.identical to Sample No.
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A3 in Ekample A-~1, and Sample ©Nos. A38 and A39 are
identical to Sémple Nos. Al7 and Al8 in Example A-2,
respectively.

Example A-5 (Table A4, Sample Nos. A40 - ASS, A60 and A61)

{1) Identical to that in process 1 (steps 1 - 9)
in Example A-1 described above.

For Sample Nos. A45- A48, the noble metal was
impregnated into the first protective laver in the same way
as in process 2 in Example A-1 described above.

(2) TiO: powder (having an average particle size
of 0.3 um) was dipped in H2PtCls solution containing 0.05
g/¢ -1 g/2 Pt and/or RhCl; -+ xH»0 solution containing 0.05
g/% Rh, and left under a reduced pressure of 50 - 100 mmHg for |
about 5§ minutes. to impregnate Pt or BRh so as to be
contained in an amount corresponding to 1 mole % relative
to TiO2 . The resultant powder was then dried, subjected.to
heat treatment in air at 600 °C, and a paste was provided
by further adding an organic binder and a solvent.

(3) The pasté was coated on the first protective

layer, and dried at 120 °C (the first protective layer portion 20

gum thick).

{4) Titania powder was dipped in a solution of,
such as CaCl: - 2H.0 and the 1like, and the dried while
boiling. A paste was then provided by adding a water-
#oluble binder and water. The amount of the Ia subgroup
component was 20 wt% relative to TiO: based on the Ia

subgroup metal.
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(3) tﬁe paste was coated on the first protective
layer, and baked at 600 °C (the second protective layer portion 20
um thick).

(6) A third protective layer was properly formed
on the second protective layer (consisting of the first and
second protective portions). Furthermore, samples of
various kinds of multilayer structure were prepared as
shown in Table aA4.

(7) The sensor assembly was performed in a known
manner.

Example A-6 (Table A4, Sample Nos. A56 -~ A59)

(1) Identical to that in processes (1) - (8) in
Example A-4 described above. For Sample Nos. A58 and ASQ,
however, a noble metal was included within the protective
layer comprised of Alz20; in the same way as in_Example A-2.

(2) A paste identical to that used in process (3)
in Example A-5 was coated, and baked in air at 600 °C to
form the first protective portion (20 um tHick).

(3) A paste identical to that used in process(S)in
Example A-5 was coated, and baked in air at 600 °C to form
the second protective portion (20 pgm thick).

(4) A pair of support members were mounted on both
sides of the element thus obtained by glass seal.

(5) The sensor assembly was performed in a known
manner.

The ©present invention is not limited to the

abovedescribed examplgs, but may also be applied to various
—_—
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types of.oxygeﬁ senéoré'for A/F ratio control, for example,
a full-range sensor for A/F ratio céntrol also provided
with a pump and the like (see FIG. A7), and to a sensor
utilizing a metal-oxide semiconductor, such as. TiOz, Co0
and the like (see FIG. A8). In the case with a
semiconductor-tyvpe sensor, a noble metal may, for example,
be included within a metal oxide which is a semiconductor,
a flame-sprayed layer of spinel and the like may be
provided, and a second protective 1layer containing a Ia
subgroup component may be provided.

FIGS. Al - A8 show oxygden sensors according the
present invention. In these figures, there are shown a
main body of a sensor element 1, a reference electrode 2, a
measuring electrode 3, a first protective layer 4, a second
protective laver 5, a heat-resistant metal oxide
(particularly a nonstoichiometric compound) 5b, a Ia

subgroup component 5a, and a heater 6.

Tests

The following tests were performed for each of the
samples.

1. The initial control A/F of the sensor was
measured in a real vehicle. As for the measuring method,

the sensor was mounted to a manifold, and the engine was controlled by

the sensor when the running condition was fixed at 80
km/hr x 8 Ps, and ‘the A/F ratio in the exhaust gas was
measured by an A/F-ratio meter.

2. The sensor was mounted to an exhaust pipe
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(about 1 m downstream from the manifold), and the engine
was driven at 3000 rpm (1000 rpm when a heater was attached
except Sample Nos. A28 - A39) while further 1injecting
silicone o0il from the manifold portion at a rate of 5 cc/30
min for 1 hour (in total 10 cc)(Si test]. The atmosphere
was at near an excess air factor A = 1.

3. The measurement in test 1 was performed to
obtain a change in A/F (AA/F) between the initial stage and
after the durability test. As the sensor's response
property, the seﬁsor output was monitored by a high-speed
response recorder (see, for example, FIG. Al0). As shown
in FIG. All, by drawing rectified grad;ent curves of the
actually plotted curves with variations, time intervals
between 300 mV and 600 mV (T.s and Tz. ) were measured after
the Si test.

4. For Sample Nos. A28 - A39, a current was passed

through the heater (except Sample No. A35) at the engine
revolutions of 1000 rpm and 3000 rpm while injecting
silicone o0il, and the control state of the sensor was
observed.
5. In the engine of a real yehicle a hgat cycle
test between 850 °C (30 minutes) <> idling (30 minutes) was
performed for 1000 hours at excess air factor A= 1,
and the control A/F was measured.

The results of these tests are shqwn in Tables Al -

A4 and FIGS. Al2 and Al3.

||II|I|
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comparative examples which are outside of the range of the
pfesent invention, variations in the A/F ratio are 1large
(AA/F 2 0.08) and fall response property also becomes slow
(Tr. 2z 120 msec) at Si tests. Furthermore, also in the
heat cycle tests, yariations in the A/F ratio are large
(aA/F = 0.04).

On the other haﬁd, in each of samples 1in the
Examples, variations in the A/F ratio are significantly
suppressed (AA/F ¢ 0.04), and the response property is also
maintained at a high level (T:ae s 90 msec). Furthermore,
in the heat cycle tests, variations in the A/F ratio are
suppressed (AA/F s 0.62). _ : »

From the results shown in Table A3, in the case of
a low revolution (low temperature)'of 1000 rpm and 300 °C,
AA/F becomes large when the heater does not exist (Sample
No. A35). Thisis considered to be caused by the
adsorption.effect by the Ia subgrdup component is weakened
when Si is mixed at a low temperature. On-the other hand,
in each of the elements Nos. A28 - A34 and Nos. A37 - A39
in the Examples provided with the heater, variations in the
A/F ratio can be significantly suppressed even after the Si
tests at sﬁch a low temperature (AA/F ¢ 0.05).

It was also confirmed that, when the @Ia subgroup
component and the noble metal are provided in separate
protective portions in the second protective laver, the
.initial A/F value has a tendency of rich control.

Examples (B-1 to B=7)
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In FIGS. Bl - Bl13, there are shown an oxygen sensor
A, an oxygen sensor element B, a pumping element C having a
palr of electrodes, an oxygen-ion conductor 1, a reference

~electrode ‘2, a measuring electrode 3, a first protective

layer 4, a second protective layer 5, a Ia subgroup

component 5h, a heater 6, support members 7 of the element,

a housing 8, a ring 9 for calking and a filler 10;

Example B-1

Oxysgen sensors (Sample Nos. 31 - B10) comprising
closed-tube-like oxygen sensor elements having protective
layers as shown in FIGS. ﬁl and B2 were obtained by the

.
following steps.
(1) Production of the element
Step 1:

5 mole % Y203 having a purity of 99 ~ % was added
to ZrO. having a purity of not less than 99 %, mixed, and
the resultant mixture was calcined at 1300 °C for 2 hours.
Step 2:

Adding water, the calcined material was pulverized
in a bali mill in a wet state until 80 % of the particles
reached particle sizes of not more than 2.5 gm.

Step 3:
A water-soluble binder was added, and spherical

granulated particles having an average particle size of 70

um were obtained by spray dryihg.

Step 4:
T



The particles obtained at step 3 were formed into a
desired tube—liké shape (the shape of a test tube) by
rubber pressing and dried. The formed méterial was then
ground into a predetermined shape by a grinding tool.

Step 5:

A sludge, thch is made by adding a water-soluble

binder, cellulose sodium glycolate and a solvent to the

granulated particles obtained in step 3, was applied on the
LY
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outer surface of the sample piece obtained in step 4.
Step 6: |

After being dried, the sample obtained in step 5
was fired at 1500 °C for 2 hours. The ©portion
corresponding to the detection portion had a 1length in
axial direction of 25 mm, an outer diameter of about.5 mmo ,
and an inner diameter of about 3 mme.

Step T:

A Pt méasufing electrode layer 0.9 pgm thick was
depoéited on the outer surface of the resultant sample
piece of step 6 by electroless plating, and then fired at
1000 °C. h
Step 8: l |

MgO « Al:0; (spinel) powder was plasma sprayed to
form an electrode protective layer (a first protective
layer) about 150 gm thick. For Sample Nos. B5 - B10, Bl5 -
B18 and B31 - B34, a noble metal was contained in the
spinel powder.

Step 9:

A Pt reference electrode layer was formed on the
inner surface in the same manner as step 7.

Step 10:

At least the first protective layer was dipped into
Hz PtCls solution containing 0.05 g/% Pt, and left under a
reducéd'pressure of 50 - 100 mmHg for about 5 minutes to
impregnate a noble metal into the first protective layer;

Step 11:
I —
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A chloride, carbonate or nitrate of a @Da subgroup
element was coated on the first protective layer by an
atomizer, and processed under a nonoxidizing atmosphere at
a temperature. not more than 600 °C to form a second
protective layer (5 - 30 pgm thick) resulting in a sensor
element. .

(2) Productioﬁ of the oxygen sensor

Using the oxygen sensor element B thus produced,
the oxygen sensor A was obtained by the following steps as
shown in Fig. Bl.

Step 1:

After inserting the element B in%o a housing 8, a

ring 9 for calking and a filler 10, such as talc or:carbon

were loaded to secure an element B within the housing

8.
Step 2:
Leads were connected to electrodes 2 and 3 via ’
terminals. .
Step 3:

A protective tube 11 was disposed covering the
distal end portion of the element B, and the distal end of
the housing 8 and the rear end of the pro%ective tube 11
were welded together.

‘Step 4:
An outer metal tube was covered to obtain an oxygen
sensor.

Example B-2
e e —
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In place of the production step 11 of the oxygen
sensor element in Example B-1, the second protective layer
was formed in the following manner. That is, water was
added to a chloride, carbonate or nitrate of a Ia subgroup
element, Al»0O; powder having an average particle size of
0.5 um or TiO: powder having an average particle size of
0.3 um was mixed, and the resultant mixture was coated on
the firsf protective layer by an atomizer and processed
under a nonoxydizing atmosphere at a temperature not more
than 600 °C. Otherwise in the same manner as Example B-1,_
oxygen sensors (Sample Nos. Bll - B28) comprising the
oxygen sensor elements of a closed tube-iike shape and the
.protective layer(s) were obtained, as shown in FIGS. Bl and
B3.

Example B-3

In place of step 11 of the oxygsen sensor element in
Example B-1, the second protective layer was formed in the
following manner. That is, a chloride, nitrate or the like
of a Ia subgroup elements was dissolved in water, the first
brotective layer was dipped in the solution, left under a
reduced pressure of 50 - 100 mmHg for about 5 minutes,
and dried at 120 °C for 2 hours.

In the same manner as in Example B-1 for other
steps, oxygen sensors (Sample Nos. B29 - B34) comprising
closed-tube-like oxygen sensor elements having protective
layers as shown in FIGS. Bl and B4 were obtained.

Exémple B-4

[
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Oxygen sensors (Sample ©Nos. B35 - B4l) having

heaters as shown in FIG. B5 were obtained by the following

steps.
(1) Production of the element

Identical to that in Examples B-1 - B-3.
(2) Production of the heater and the like.
Step 1:

A sheey comprised mainly of Al20: was formed into a
thickness of 0.8 mm by the doctor blade method.
Step 2:

Using a paste made by adding an organic binder and
a solvent to W as the main component, a™*conductive pattefn
was printed by the screen printing method.
Step 3:

Using a paste made by adding an organic binder and
a solvent to Al20O:; as the main component, a coating 30 gm
thick was furthef provided.
Step 4:

| The sheet obtained at step 3 was wound around an

insulating tube having an outer diameter of 2 mm and
comprised mainly of Al20;, resin was removed at 400 °C for
24 hours, and the resultant tube was fired at 1550 °C for 2
hours.
Step 5:

Lead wires were silver brazed at terminal portions
to provide a heater.

Step 6:

ste s
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When assembling the element, the heater obtained at
steps 1 - 5 was inserted so as not to contact the inner
surface of the closed-tube-like element.

Example B-5

Oxyvgen sensors (Sample Nos. B42 - B43) comprising a
plate-like oxygen sensor element having protective layvers
as shown in FIGS. B6 and B7 were obtained by the following
steps.

(1) Prodpction of the element/heater

A sheet comprised mainly of Zr0 and containing 5§
mole % Y:0; was formed by a doctor blade method into a
thickness of 0.8 mm.

Step 2:

Using a paste made by adding an organic binder and
a solvent to Pt as the main component, eléc#rodes 20 um
thick were pripted on both surfaces of the sheet by the
écreen printing method.

Stép 3:

A paste, which was made by adding an organic
binder, a solvent and further a small amount of starch or
the like fﬁr theApurpose of providing a porous material to
Al 03 as the main component, was coated so as to cover the
electrodes to a thickness of 30 um (formation of a porous
Al20;:; layer as an electrode protective layer, i.e., a first
protective layer).

Step 4:

A paste, which was made by adding an organic binder
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and a solvent to Al20; as the main component, was coated on
two surfaces of a sheet having the same composition and
thickness as those in step 1 to a thickness of 30 um.

Step 5:

A heater pattern 20 pym thick was printed using the
paste identical to that used in step 2.

Step 6:

Al2 0y was further coated in the same manner as step
4 ( on the surface of the heater pattern, except the electrode)
Step 7T:

A sheet having the same composition and thickness
as those in step 1 was cut in the form generally of U to
provide a spacer sheet. As shown in FIG. B9, the spacer
sheet was disposed between the green sheet printed with the
electrqde obtained in steps 1 - 3 and the green sheet for a
facing member J(ncorporating the heater pattern obtained in
stéps 4 - 6, and the entire laminate was subjected to
thermocompression bonding.

Step 8:

After resin was removed at 400 °C for 24 hours,-the
laminate was fired at 1500 °C for 4 hours.
Step 9: |

At least the porous Al;0; layer (the f;rst
protective layer )} wad dipped in an H:PtCls solution
containing 0.05 g/& Pt, and left under a reduced pressure
of 50 - 100 mmHg for about 5 minutes to impregnate the

noble metal into the porous Al.0: layer.
This Sheet Has
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Step 10:

Using MgO - Al;Os (spinel) powder, a spinel
protective layer (g second protective layer) about 150 um
thick. was formed by flame spraying.

Step 11:

Water was added to chloride, carbonate, Ritric salc
the like of a Ta subgroup elements, the spinel protective
layer was dipped in a solution thereof, left under a
reduced pressure of 60 - 100 mmHg for about 5 minutes,
and then dried at 120 °C for 2 hours. The layer was then
subjected to heat treatment under a nonoxidizing atmosphere
at 600 °C.

Steé 12:

As shown in FIG. B10, on the terminal side of the
main body of the elemept thus obtained, a pair of support
members 7 were mounted on both surfaces by glass seal.

(2) Production of the oxygen sensor
.

Identical to that in Example B-1.
Example B-6

In place of production steps 10 and 11 of the
element/heater in Example B-5, the second protective layer
was formed in the following manner. That is, water was
added to a chloride, éarbonate or nitrate of a Ta subgroup

elements, Al:0: powder having an average particle size of

0.5 um or TiO2 powder having an average particle size of

0.3 gm was mixed, and the resultant mixture was coated on
the porous Al:0; layer (the first protective layer) by an

atomizer and processed under a nonoxidizing atmosphere at a

_—
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temperature not more than 600 °C.

In the same - manner as in Example B-5 for other
steps, oxygen sens&r (Sample Nos. B44 -~ B46) éqmpnising
plate-iike oxygen sensor elements having protective layers
as shown in FIGS. B6 and B8 were obtained.

Example B-7

TiO2 semiconductor-type oxygen sensors (Sample Nos.
B47 - B50) were obtained by the following steps.

(1) Production of the element
Step 1:

90 wt% Al:0; having a purity of not less than 99 %
and 3, 2 and 5 wt% of Mg0, Ca0 and Si0O:, respectively, were
mixed, an organic binder and a solvent were added, and a
green sheet 0.8 mm thick was provided by a doctor blade
method.

Stef 2: .

Electrode and heater patterns (30 gm thick) shown
in FIG. Bll were screen printed on a surf;ce of the green
sheet using a Pt paste.

Step 3:

A green sheet 250 um thick was obtained in the sane

manner as in step.l, an opening was provided corresponding

to the end portions of electrodes and the sheets were laminated as
shown in FIG. Bl2.

Step 4:

After removing resin, the laminate was fired at

1500 °C for 2 hours.
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Step 5:

TiOs having. a purity of 99.9 % was dipped in
H. PtCls solution (it was arranged so that Pt became 1 mole
% relative to TiOz2 ), and dried while boiling.

Step 6:

After being dried at 200 °C for 24 hours, the
material obtained at step 5 was subjected to heat treatment
under a nonoxidizing atmosphere at 1000 °C within a Pt
crucible.

Step 7:

Pt black powder was added so as to be 5 mole % Pt
relative to TiO:, and an organic binder and a solvent were
added to provide a paste.

Step 8:

The paste obtained at steps 5 - 7 was injected into
the opening postion of the laminated body obtained at steps
1 - 4 to provide a layer 200 um thick{ which was subjected
to heat treatment under a reducing atmosphére at 800 °C.
Step 9:

After Al20: and Mg0 were laminated to a thickness
of 50 pum by plasma spraying, the resultant laminate was
dipped in a solution containing a Ia subgroup component to
impregnate it under a pressure of 50 - 100 mmHg (sample
Nos. B47 and B48).

Alternatively, a slurry made of a metal oxide
comprised of TiOz or Al.0: and a @Ia subgroup component was

coated (30 pm thick)(Sample Nos. B49 and B50).
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(2) Production of the oxygen sensor

Identical to that in Example B-1.

The following tests were performed on Examples_B-l
- B-T7.
(1) The initial control A/F of the sensor was measured
in a real vehicle. As.for the measuring method, the sensor
was mounted to a manifold, and the engine was controlled Ey the sensor

when the running condition was fixed at 80 km/hr
x 8 PS, and the A/F ratio in the exhaust gas was measured
by an A/F-ratio meter.
. _

(2) The sensor was mounted to an exhaust pipe (about
1 m downstream from the manifold), and "the engine was
driven at 3090 rpm while further injecting silicone oil
from the manifold portion at a rate of 5 ¢cc/30 min for 1
hour (in total. 10 cc). The atmosphere was nearly 'at an
excess air factor A 2 1. The engine was driven at 3000 rpm
and 1000 rpm for testing on Nos. B35 - B4l and comparative

Examples BV and BUl, respectively.

(3) The measurement in test 1 was performed to obtain a

-33~-
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change in A/F (AA/F) between the initial stage and after
the durability test. As the senéor’s response property,
the sensor output was monitored by a high-speed response
recorder (see, for example, EIG. E14). As shown in FIG.
A;I, by drawing fectified gradient curves of the actually
rlotted curves; time intervals between 300 mV and 600 mV
(Tor and Tri ) were measured.
(4) The control state of sehsors having heaters was
observed in the same manner. Heaters were set at ‘a
temperature not less than 400 °C.

The Qesults are shown in Tables Bl -~ BS5.

It should be noted that modification may be done
based on the concept and gist herein— disclosed _without

departing from the scope hereinbelow claimed.
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TABLE A1°®

. Second protective layer
Sample Hrstl:;g:ecuv Oxide Hé subgroup Noble metal In;;'l}al After SI test Af!’ ralllo
N Metal Noble [Ratio omponeul;;“;a* Ratio® ratio T Tae ZV::?; t\g::
oxlde metal Component (vi%) Component (vt%) Component (uole¥) ik (uS)
Al | Spinel | HaP1C8g| T10, 100 { CaC0, 5 — — 14.62 0.01 40 50 14.63
A2 t t t 100 CaCl, - 21,0 b — — 14.62 0.01 40 50 14.63
A3 t | t 100 1 5| HaPtClg 0.7]14.80 0.0l 40 40 14.61
M t t Al20g 100 1 5 t 0.7 14.81 0.03 50 40 14.65
A5 t t Ti0, 100 t 10 —_ — 14.62 0.01 50 50 14.63
AB t t t 100 t 20 — — 14.62 | s0.01 60 50 14.62
A7 t t t 100 ? 30 — — 14.81 | =0.01 70 60 14.63
A8 t t t 100 | MgCO0, 5 —_ — 14.62 0.02 40 50 14.83
A9 t t t 100 | Dolonmite 5 —_ — 14.62 | <0.01 40 50 14.63
AlO t } t 100 t - 5| BP1Ce 0.7]14.60 0.02 40 40 14.62
Atl t t T10, 20 CaCl, « 2120 20 — — 14.62 0.03 40 40 14.65
' A2203 - 60 .
Al2 t t t 60 t 20 —_— —_ 14.82 0.0l 40 50 14.83
20
*A13 t — — — — — — — 14.64 0.12 150 1 240 14.64
*Al4 } H,PtCls) Ti0, 100 — — | HaPiClg 0.7114.60 0.08 701 16D 14.62

* Qutside of the inventive scope
1) A1l the components in the table are shown by the compositions of starting materials.

and "A20; " is a-AP,0; (the same applies to the following tables).
2) The ratio of the Ta subgroup component Is relative to the metal oxlde of the second protective layer
(titania and A2,05), and is a converted value Into thella subgroup element (Ca. Mg) (the same appllies to the
folloving tables). Sample Nos. All and A12 are relative to the entlre second protective layer (this applles to
the ratio of the metal oxide).
3) The ratlo of the noble metal is relative to the metal oxide (titania., A £203) of each protectie fayer.

Sample No. Ad: AA/F was somevhat large at heat cycle test and a part of the second protective layer pecled

off. The first protective layer vas also easlly peeled off.
No. AT: Responso vas somewhat slov from the Initial stage. and there vas tendency ol clogglinyg.

No. All: AA/F vas somovhat large at heat cycle test.

“Spinel” is Mg0 - Al205.




Eg TABLE A2
=3 Irst protective Second" proiective layer After SI test
gg Sa:zle layer Oxide Noble metal Ha subgroup j I:}[t“lal 2{.’:8:3;1;:[
:;__';% 23:3({ 2:[::1(13 omponent Ihlclz;:s?s Fomponent Iz::’l‘()i Componont Concc(n:r/aé‘l;)ml) [;::’l‘c)) ratlo | Ay T ;(ems)Tm. cyclo test
;% A5 |Spinel | HPtClsi Ti0: 10} HoP1Clg i CaCl, - 21,0 3/100 5] 14.62 0.04 ©cO} 80 14.63
- A | 1 t t 10 t “0.5 t 10/100 11{14.82 | 0.02 40 50| 14.62
mr |t | t 0 | t ! t '3/100 3|14.60 | 0.04 50| 50| 14.62
Al8 f. t t 20 t 0.5 t 10/100 6114.61 | 0.0y 40| 60 14.62
! Al9 t t t. 20 t 1 t 20/100 14{14.63 | 0.022 70} 70 14.62
@ A20 t t t 30 . | 1 t 3/100 2(14.80 | 0.02 40| 50 14.62
” A21 t t t 30 t 0.5 t 10/100 4114.62 | 0.01f 40 40 14.63
| *A22 { t t 20 t 1 - — — (14,60 | 0.08 80| 170 14.62
A23 t t t 10 t | CaCl; - 21,0 10/100 i1]14.63 0.02} 40 50 14.63
A24 t N - 20 t 0.5 t 10/100 6§14.62 0.01 40 40 14.63
A25 t t t 30 t { t 10/100 4114.62 | 0.01] 40 501 14.63
A26 t t ! 20 t 0 t 3/100 3114.63 | 0.03 50 60 14.64
A27 t t t 20. t 0 t 10/100 614.64 0.02[7 50{ 60)] 14.64

* Qutside of the lnventive scope
1) Ca concentration. in aqueous solutlon of CaCl; .
There vas tendency of being somewhat polsoned at Si test. _
Response vas somewhat slov from tho Initial stage. and there was tendency of being clogged.

Sample No. AlS:
Sample No. Al19:

2) Based on amount of Pt.

3) Based amount of Ca.




TABLE A3

Sample | AAJF
Element Existence of heater

No. 3000 rpm? | 1000 rpa®
A28 No.A3 Yes 0.02 0.03
A29 L Yes 0.01 o 0.02
A30 AlL2 Yes 0.01 0.02
A31 - Al Yes ' 0.03 0.05
A32 AL7 . Yes 0.02 0.04
A33 AlS Yes 0.01 0.02
A34 - A27 Yes 0.02 0.03
A35 AlT No - 0.03 0.09

* A3B 422 Yes 0.09 0.13
A37 (No. A3)2 Yes 0.02 0.08
A38 (No.A17)? Yes - 0.01 0.02
A39 (No.A18)2 Yes 0.01 0.02

N

* Qutside of the inventive range (Sample No. A35 is outside of claims defining
heater).
1) The sensor tesperatures are about 400 'C (No current through the heater) and
about 550°C (current fed through the heater) at engine revolution of 3000 rpm.
The sensor temperatures are about 300 C (No current through theheater) and
aboﬁt 400 °C (current fed through the heater) at engine revolution of 1000 rpa.
2) For Sample.Nos. A37 - A39. the main body and first protective layer of the
element vere forsed by procsses (1) -~ (8) in Example A-4. then the second
protective layers identical to those of element numbers shown within parentheses

in the table were formed.
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TABLE A4
Second protective layer W/F ratio
Saible ’lrstlz;g;ectlv Noble metal (Ha Iz subgroup component Thlrdlz;g;cctlve Initiall After SI test alter
NaD O Mp:zl subgroup compo;ent) He::l (Noble neta;) s o A/T - - hea:
eta oble | oxldg atlio ¥ oxidg atlo % Meta oble ratlo 4 Tur  Tro| cycle
oxide | motal Conponent (mole ¥) Component (vi%) |oxide | wmetal .| AMY (oS) lest
Ad0 |Spinel | — [ Ti02 | H.PtCl 1 |Ti0z2|CaCl, -21,0] 20 — — 14.59 {14.624 60{ 60| 14.60
Adl } — t t 1 f | CaC0y 20 — — 14,58 |14.64 60{ 70| 14.60
Ad2 t — | } 1 | AP20qf CaCly 21,01 20 —_ — 14.80 | 14.64 GO 70 14.61
A3 t — t t 1 | Ti02 | MgCOg 20 — —_ 14.59 [ 14.62 50§ 60) 14.60
A4 } o t JRhCEs «xil,0 1 t (CaCly 2,01 20 _— S 14.62 |14.65 60| 70| 14.62
A45 t HPtCls| ¢ -t -1 t { 20 —_— — 14.61 }j14.85 60] 80 14.61
A6 t t t t 1 b 1 MgCO, 20 — — 14.58 | 14.62 50 60 14.60
AT t t t- [ HaPLCls | t t 20 — —_ 14,58 114.62 50) 60( 14.60
*A48 t t t t 1 t — - — —_ 14,68 | 14.7 80| 190 14.60
*A49 { —_ t [CaCly «21,0]20 wt%| 1 |HP1Cl | mole § — — | 14.58 }14.87) 80| 150 14.B2
AS0 1 — t | HaPLCl i t | MgCo, 20 | Ti0, — 14.57 (14.604 60| 060 14.58
A51 t —_ t t 1 t ] t 20 {A220, _— 14.58 114.61} 60} 70 14.60
A52 t — t {RhCey -« xil20 1 t B | 20 ] Splnel — 14.58 | 14.80 70{ B0 14.59
Ab3 t — } ! | t {CaCl, 2,O[ 20 {TiD, — 14.58 14,600 70 60( 14.59
*A54 t — t — — t t 20 t [HP1C8 2 14.58 |14.60 GO} 120| 14,62
*A55 t —_ t - — t [RhC, <xl0fl mole ¥ t — 14.58 {14.68 70 170 14.62
A58 | A2,0q — b HaPtCls i t (CaCl, -2i,0} 20 — —_ 14,57 |14.63 701 90 14.58
AS7 | — ! ot i { HgCls 20 e —_ 14,57 |14.83 " 70 90 14.59
A58 1 HoPtCe%l t | RhCEs o xli;0 1 ! 1 20 —_ — 14.56 {14.620 70 80 14.58
*159 } t t t | t —_ — — — 14.56 [14.70f 70) 130 14.58
*A60 |Spinel | — t — — | — — — —_— — 14.84 |14.72 90 230 14.62
*A6t t — t{HoPtCls 1 | — — — — — |14.58 J14.71} 90| 230 14.62

+0ulsldo of the Inventive range, .
1) Each sample Is provided with a heater except Sample Nos. Ad4 and A45.

2) 1 mote %.

3) Amount of noble metal.

4) Amount of Ha subgroup element.




TABLE Bl

Firs't protective : _ .
\ayer Second protectivel A/F ratio difference | Response property
Sample layer between the initial | after test (msec)
No. | Metal | Noble | (Ha subgroup stage and after
oxide |metal component) durability test Rise Fall
Bl |Spinel ] — |[CaC0s 0.02 30 50
B2 t — | CaClz - 2H:0 0.03 30 80
B3 t — | MgC0s 0.04 40 70
B4 t — 1CaC0g < HgCOq 0.02 30 60
B5 1 Pt* 3% | CaCl; - 2H,0 0.02 40 80
B8 t Rh*™*5% $ 0.02 40 70
BT t Rh 1% {Ca(N03), 0.02 30 50
B8O t Rh 7% t 0.03 50 80
B9 } Pt 3% | Cal 0.09 90 180
B10 t |Pt 3%]|CaCs 0.03 30 80
*BI| — | — |CaCl baking 0.03 2 30 50
* BII Spigel | — —_ 0.12 150 230
* in Hzptczs
= in RhCl; - xH,0

1) Sample No. B8 produced cracks in the first protective laver at other
durability tests (cycledurability test between 200 °C or belov and 900

°C or above).
2) A part of CaCl;

peeled off.

¥hen A20; is used as the metal oxide of the first protective laver
by the same production process as in Example B-1, there arises a
problen in heat cycle durability tests due to a difference in thermal
expansion fros Zr0» oxygen~ion conductor.

_.\_ﬁ__“
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TABLE B2

First protective Second protective layer Difference A/F | Response
layer IIa subgroup Initial] ratio between | property
Sa:zle Metal |Nobld Mefa] component D control} initial stage |after test
oxide | metal oxide Composition Amount and after (nsec)

(wt%) | (Hz) Hurability test { Rise | Fall

BLL Spineld — |A%0; |CaCly 15 | 2.12 0.02 30| 80
B12 t - i CaCl, +2H,01 ¢ 2.05 0.02 30 50
B3 t - t | MgCos 4 2.17 0.02 30| 50
Bl4 t [— ] 1t |CaCOs <MgCOi t 2.20 0.02 30| 60
BlS t Pt 3 t CaCl; <2H,01f % 2.17 0.03 01 80
BL6 EERE R EERE 0.03 0] 70
BL7 b |mig t fcato. [t | 2.10 0.03 0] 80
BL§ 2 EEEE t |t | 2.0 0.03 50 710
B19 t |ptsd t |Ca0 t | 2.19 0.08 80| 140
B20 i Pt 34 ¢ CaCl, -28,0) ¢ 2.15 0.03 40 60
B21 t Pt 1 t } 30 2.01 0.02 60| 80
B22. t 1 t 1 50 1.83 0.0i 90| 100
B23 1} t {Ti02 | MgCOs 20 2.16 0.02 50 10
B24 4 1 t t 40 1.9 0.01 70 80
B25 ] t t Mg0 15 2.13 0.08 100 | 180
B26 t R t 1 CaClz +2H,0( 2 2.22 0.07 86 70
B27 t t 1 | 10 2.18 0.02 40 60
B28 t t | Spinel¥ 1 10 2.25 0.03 50 70
Comparison BII t t | A2:0; — — | 2.26 0.12 150 | 230
B28 t — — |(CaCl, «2H,0{ 0.5] 2.23 0.07 70 90
B30 i - -_ 1 10 2.06 0.04 50 80
B3l t I —_ ] 20 1.713 0.02 50 T0
B32 to|p1g — | Mg(N0o), 0.2] 2.19 |  o0.08 80 | 100
B33 t t i t 5 2.12 0.05 60 70
B34 t t —_ t 15 1.94 0.04 70 90
Comparison BIV t t - — — | 2.21 0.15 170 | 280

1) The amount of the Ia subgroup component is the amount relative to the metal oxide (AZ:0a.
Ti02) of the second protective layer and converted into the Ila Subgroup element (Ca. Mg): For
Samaple Nos. B28 - B34, the amount is relativeto the first protective layer.

2) Sample No. B8 produced cracs in the first protective laver at other engine durability tests

(cycle durability test between not more than 200 °C and not less than 900°C).

3) Spinel: Mg0- Af20; I,
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. ' TABLE B3

Sample Element Existence of heater AMF
No. 3000 rpn* | 1000 rpo*
B35 Sample No. Bl Yes 0.02 0.03
B36 Sample No. B3 t 0.04 0.04
B37 Sample No. B12 t D.62 0.04
B33 Sample No. B20 1 0.02 0.03
B39 Sample No. B23 t 0.03 0.04
B40 Sample Na B29 t 0.04 0.05
B4l Sample No. B32 t 0.05 0.08
Comparison BV | Comparison BII } 0.09 0.13
Comparison BVI| Sample No. B23 No 0.03 0.09

*The sensor temperature is 400 °C and 300°C for 3000 rpm and 1000 rpum.
respectively, vith nonenergizéd heater. vhereas rises by 100°C or a little -
gore vhen energized. Responsive property of senmsor after test (msec).

TABLE B4

First Second protective Difference | Responsive
protective laver in A/F ratio | property of]
layer Ila subgroup Initial] between the sensor after
Sample No Wetall Noble Metal component® | controll initial stage | test (msec)
oxide metal oxide Compositionfimount| (Hz) | and after Tise T Fall

(wt%) durability test
B42 A%0;| — BpinelfaC, 20,0 5| 2.53 0.05 50| 60
B43 t{— 1| 1t [aC0q 5 2.52 0.08 50 70
Comparison BVI| . 1| — t —_— — | 2.681 0.19 220 | 370
B44 | — W04 [aCls- 24,0 15 2.63 0.05 50 70
B4S t | — [0 1 15§ 5.62 0.05 50 70
B46 t] — t CaCl4 15] 2.68 0.06 40 80

1) The amount of the Ila subgroup component is relative to the metal oxide (spine
1. A0203. Ti02) of the second protective layver and converted into the Ila subgroup
element (Ca. Mg).

_
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TABLE
Pecond protective layer A/F ratio | Response
First Ila subgroup Initial} difference | property
Sample No. protective Hetcal component? control| betveen initiali after

| rvion S (| e

BAT Bemiconductor SpinelfaC2; « 2Hz0 5| 2.39 0.05 o} 50
B48 t Bpinel t 10| 2.25 0.05 30 50.

B49 t 102 t 15} 2.43 0.04 30| 40

B30 t lwzoa MgC03 15 2.49 0.03 30 40
Comparison BVE t - — — | 2.51 0.22 100§ 330

1) The amougt of the Ia subgroup component is relative to the metal oxide

(spinel. Ti0; , A2,0; ) of the second protective layer and converted into the Oa

subgroup element (Ca, Mg).

2) Ti0, semiconductor also serves as the first protective layer.

\

Thls Sheet Has Been'R

i i




. This Sheet Has Been Re li

(0

CLAIMS:

1. An oxygen sensor for detecting oxygen concentration within an
exhausf gas comprising a sensor element (1), the sensor element
having a protective layer which is made of heat-resistant metal
oxide (5b) and which carries a component (5a) consisting of a
Ila subgroup element in the international periodic table
(termed hereinafter a "“IIa subgroup component") on the side
exposed to the exhaust gas of the sensor element (1), at least
a part of said, protective layer being present as a
nonstoichiometric compound with respect to the heat-resistant

metal oxide.

2. An oxygen sensor for detecting oxygen concentration in an
exhaust gas according to claim 1 further comprising a heater
(6) for heating the sensor element (1).

3. An oxygen sensor according to Claim 1 or 2 wherein the
protective layer also includes a noble metal at least in a part
thereof.

.,

4. An oxygen sensor according to claim 3 in which the protective
layer which is made of a heat-resistant metal oxide carries a Ila
subgroup component and a noble metal at the side exposed to the
exhaust gas of the sensor element, and a part of the protective'
layer in which said noble metal is carried being disposed
closer to an electrode (3) than a part of the protective layer
in which said IIa subgroup component is carried.

5. An oxygen sensor according to one of the preceding claims,
wherein the nonstoichiometric compound is titanium oxide which
forms said protective layer in which the IIa subgroup component
is dispersed and carried by particles of the titanium oxide.

6. An oxygen sensor according to one of the preceding claims
wherein the main body of the sensor element'Es.made of a 2Zro0,

solid electrolyte.
___————-——\%\
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7.

10.

11.

12.

1

An. oxygen sehsor according to one of the preceding claims,

wherein an inner protective layer (4) not including the Ila
subgroup Eomponent is provided on the inner side within said
protective layer, said inner protective layer includes a noble
metal, and the surface at the side of a measuring electrode (3)
of the main body (1) of the sensor element has a roughness in a
depth of not less than 10 pm.

An oxygen sensor for detecting oxygen concentration in an
exhaust gas comprising a sensor element (1) having a protective
layer which includes at least one kind of components (5a)
consisting of 1IIa subgroup elements in the international
periodic table (termed hereinafter "IIa subgroup components")
on the side exposed to the-exhaust gas of the oxygen sensor
element (1).

An oxygen sensor according to claim 8, wherein the IIa subgroup

component is mainly Ca and/or Mg.

An oxygen sensor having a pair of electrodes on both surfaces
of an oxygen-ion conductor for detecting oxygen concentration

in an exhaust gas, said oxygen sensor comprising:
*

a protective layer which includes at least one kind of Ila
subgroup components at least covering the elecrode (3) on the
side exposed to the exhaust gas of the oxygen-ion conductor.

An oxygen sensor according to claim 10, wherein the 1Ila
subgroup components are nonoxides.

An oxygen sensor according to claim 10, wherein the protective
layer is formed of a first protective layer (4) which neighbors

the electrodes (3) to directly protect the electrodes (3) and

which is made of a heat-resistant metal oxide (5b) and a second
protective layer which exists independently of the first
protective layer and which is made of a Ila subgroup component
(5a).

_ - 44 -
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13. An oxygen sensor according to claim 8, wherein the protective

14.

15.

16.

17.

18.

19.

20.

layer for protecting the electrodes is made of spinel and/or
alumina, and wherein a further protective layer including a Ila

subgroup component is provided at least on the outside thereof.

An oxygen sensor according to one of claims 8 to 13, wherein
said at least one kind of components consisting of the IIa
subgroup elements are included as chloride, nitric salt,
carbonate and the like, and each is present as an independent

component.

An oxygen sensor according to claim 13, wherein a noble metal
is included in an amount not more than 5 wt% within the

protective layer of spinel and/or alumina.

An oxygen sensor according to one of claims 8 to 15, wherein a

ceramic heater (6) for heating the sensor element is provided.

An oxygen sensor according to one of claims 8 to 16, wherein
the oxygen sensor element (1) is made of a 12Zr0O, solid
electrolyte.

An oxygen sensor according to one of claims 8 to 16, wherein
the oxygen “sensor element (1) is made of an oxide
semiconductor.

A method of producing an oxygen sensor element in which a
process for providing a protective layer for an electrode on
the side exposed to an exhaust gas of an oxygen-ion conductor
comprising the steps of:

(a) forming an air-permeable first protective layer with a
heat-resistant metal oxide, and '

(b) forming a second protective layer with a ceramic

composition comprising a IIa subgroup component.

A method of producing an oxygen sensor element according to
claim 19, wherein in said step (b), as the ceramic composition

a slurry is formed by mixing the IIa subgroup component and a

(MU e



heat-resistant metal oxide powder, and said second protective

layer is formed by said slurry.

2l. A method of producing an oxygen sensor element according to
.claim- 19, wherein, in said step (b), the second protective
layer including the IIa subgroup component is formed by dipping
the first protective layer into a liquid including the 1IIa

subgroup component.

22. A method of producing an oxygen sensor element according to
claim 19, wherein, in said step (b), the second protective
layer is formed with a slurry prepared by adding the IIa
subgroup component to a powdery mixture of a heat-resistant
metal oxide powder and a noble metal dispersedly carried on the

heat-resistant metal oxide powder.

23. A method of producing an oxygen sensor element according to
claim 19, wherein, in said step (b), the second protective
layer is formed by coating a slurry of a heat-resistant metal
oxide powder dispersedly carrying a noble metal followed by
dipping the resultant product in a solution containing the IIa
subgroup component.

. . |

24. A method of producing an oxygen sensor element according to
any one of claims 19 to 23, wherein the IIa subgroup component
is at least one selected from the group consisting of chloride,

nitric salt and carbonate of the Ila subgroup elements.

25. 'A method of producing an oxygen sensor element according to
claim 24, wherein the IIa subgroup elements are Ca and/or Mg.

26. A method of producing an oxygen sensor element according to
one of claims 19 to 25 wherein said heat-resistant metal oxide
1s spinel and/or alumina.
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