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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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" OXYGEN SENSOR ~AND METHOD FOR PRODUCI NG SANE

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

« o= - )
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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This invention relates to an oxygen sensor; and  nore .particularly, to
an "~ oxygen sensor for <controlling air/fuel ratio which i's utilized in

“corbi nation with a catalyst in an exhaust-gas purification system
for " autonobiles and the Iike. 2
Substitute sheet - 1 Novenber 1996 Envi ronnent surroundi ng
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intensifie

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, TiOz-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 nonstoichiometric
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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-Especi al | y, : qurr] lLation of 0.4 g/mle or less has already
been enforced in Cal1f’8|°%ﬁén°lllfe'nceltthélse et oneblieftor taht pher efretans

f oF_ sensors.%gbsuggres variatio initial- control air/fuel ratio
(ANF ratio) V&nd"*V8r i |Po‘h%v?’h AI’Prlléttllt?“eﬁtéP &by |1c’h1t"'rb%|lf69“§l‘l°dng\/F
peu od of t ently, in addition, mat er| als includin

si IMi.con ar eﬂ%s?ry BRi n'alﬁég'dzfeor V&Y@%fe“b%?t sipe. §he pALE; n@'§)t1° ar?cfﬁm

i nfl uence d<%#fhégglgre§ence q the si]icon |n exhaust gases cannot be
i gnor ed for e Sensor ong PLFRe °fo tiffmrard toaPFavesits shift

the initial . .
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.

-3a- .
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control A/F ratio and variations inthe AIF ratio after applications for a
| ong period of time, various kinds of counterneasures have been perforned
i n*whi ch a noble netal is included within an exhaust - gas-si de protective

| ayer of an oxygen sensor in order to conplete conbustion reaction of
unburnt conponents until a gas reaches a sensor electrode. Arong them the
présent applicant a SO

f
Substitute sheet- RBV@@E@FIfQQG lnthﬁpq%/%ﬁ%@?ﬁlngﬁ?ﬁﬁ%ﬁ%ﬁ?lvchgvﬁ¥‘(a

second protﬁftlyd 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
j 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 m_ix'éd at é. low engine revolution, that is, at a low

temperature, Si-adsorbing effect by the 1Ia subgroup
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| ayer) made of a nonstoichionetric conpound, it is possible to hold a
catal yst- which has a very strong effect even after durability tests (JP
Patent Application No. 62-311278 (1987), now JP Patent Kokai
Publicationt No. 1-97855 (1989).

In:-this invention, particles mde of a nonstoichionetric conpound,

for, exanplgogEBQ%d%(ogiﬁgélagl_)Cagéygﬁg E6hH80ndRAl 8% Qe HeL£EES. and

prevent_the adsorption of excessive ). err on el ectrodes and/ or
protective Bayﬁrpbﬁedtécdsﬁdaeﬁhaalgﬁﬁﬁéﬁraeés oRE ane ﬁ%@éﬁ@e‘_"’e'ﬂayép nobl e
e

netals. Hence, it becones possi to concentrate the initial control

AF and Con&ﬁghoﬁkaerforming 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 ccmpongnt, 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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after durability tests at near an excess air factor [err] [err] 1. The
content of the noble nmetal in this layer is preferably not nore than 2
mol-e, % relative to the nonstoichionmetric conpound.  If the content
exceeds this value, emssion gradually becones at the rich side, and CO
and the |i ke beconme exhausted, By using such an elenent, the control

A/ F ratio of Lhe sensar %;o:{e'ié%&g ugy ijigio%{affngeg heiud nu,i ?éis"&g?sé‘ﬁm@ |

as after apBFFcatlons for ong perio has further

turned outy, ousvery, LhBine BbLBAUIN od1oorSERSOLy 1+ EhSEPRLyrd Soe MOT e

effective than convent i ohal oxygen sensor elenen conponents are
i ncl uded widdnahs@xh@ust gases, it is shifted to the |ean

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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side to a |l arge extent. This is

the repl acenent sheet 3a Substitute
sheet- 1 Novenber 1996 Accordingly, it is an object of the
pr esent invention to prevent variations inthe initial control A/F ratio,
to_ mnimze variations in the ratio after application for a

Iong period of timegrgad ty (prqxf $}fh£;g d&g;yy%|§ﬁgh§ﬁde dug ieF dim of

poi soni ng and detert &Pati on response “propert

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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"This object is solved by the oxygen sensor of independent Caim1l. Further
advant ageous features of the Oxygen sensor are evident fromthe dependent
clains. The invention also provides for a method for making the oxygen
senisor, according to independent claim 20. Further advantageous features
of .this nethod are evident fromthe dependent clains. '

4 Substitute sheet mher 1996 . cordingl.y; .-'gl esent
i nvention (common F%%'rglijg arg tahe%ésaﬁercatné), qbril %ﬁ u&ldllrhlgﬁét %{;i%tp;; 7

conponent 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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consisting of Ila subgroup elenents in the international periodic:- table -
- (termed herei nafter a “I'la subgroup conmponent"”) wthin the
protectlve | ayer (|nclud|ng that carrying a noble netal), Si conmponents
can be subjected to adsorption reaction by the protective |ayer before S
conponents within exhaust gases reach the active site (or region) of the

sensor. P t, e f
resy ﬁflwcaiggﬁzégxé tﬁgt tgﬁt stpegithe 1ha 4

subgr oup coﬁfonenf esp e protective |ayer,

reacts to S com on ont ai n ex at aqtigner at ugpgqat
whi ch the sBRESFSi use C%plg s @g§%%£talgg%aV|ng a FOM/neFPing p0|n%ﬁds

conponents g pot ,pe{?‘f%atbeiﬁ‘éohﬁ%hﬁ'% RESTRAMNY K ProfRetiverhayelof ax’s

first

for TiOz2-x and Lazos-f 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 exceeds
30 wt%, the responsive property of the sensor gradually
becomes worse, that is, clogging starts to occur.

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

oxide is present as a nonstoichiometric compound, for
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protective layer) which consists of a heat-resistant netal oxide

(especially of spinel and/or Alferr](err]) and does not contain a lla
subgroup conponent, and a noble netal and electrodes which exist within
the first protective layer ‘are therefore protected. As the |la subgroup
conponent, since especially chlorides and carbonates containing Ca or M

(or_the both) can formvery fine particles, they can prevent the S|
conponent s FR Passi TPa hr Ough,ftani:lsal ¥R EFE S gh ye‘é’(ﬁel‘(/eerto tflrllﬂl‘élet"Sitfhe

oy ST e CEU' 1 RSN A oyl i ! STt Y T
'a SUbgr%%%ponent 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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5 Substitute sheet - 1 Novenber 1996 conponent (especially Cerr] and/or
My conpounds) is weakened, and Si conponents occasionally penetrates into
the protective layer wthout perform ng reaction. -In such case, when the

sensor

i s exposed at a high tenperature, the Si is converted into

Sigerr] and the like to occasionally produce clogging in the protective

| ayer.

Accordingly, in a second aspect of the present invention,

t he penetraPFefiesrethe WatonpbRentls at SHbESRWRenpeeBPARENtcad He PFEFeAted
by providing a heater for heating the

.

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
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sensor el enent as wel | “as incl udi ng the Ila subgroup corrponé_nt wi thin t he
"protective |ayer on the side exposed to the exhaust gas. Thi s is achieved
du€ o the fact that by raising the tenperature of the protective |ayer by
the heater to increase the adsorption capability of the Ila subgroup
conponent, the Si Conponents can react to the Ila subgroup conponent to
reduce the penetration of the Si alone. In a third aspect of the
present investeonfoas ¢hamplbase netmerdiatyforf tthe-pB6t eCtané bhawdrickness
(especially the carrier of the Ila subgroup conponent), its netal oxide
i's preserdf at0t heSAomst.oi chi ometri ¢ conpound. Si poi soni ng can t hus
nore effectively be prevented. It is particularly

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 gm. This
structure prevents peeling of the protective layer and is
therefore excellent in durability.

As the material for the main body of the sehsor
element, TiOz, CoO semiconductors and the like may also be
used. As the
. b Y
nonstoichiometric compound, lanthanum oxide may also be
used other than TiO:-. (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 the 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 resultant mixture was calcined at

1300 °C for 2 hours.

Step 2:
o _
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Preferred to conbine those aspects described above. : As descri bed

above, according to the present I nvention, even if Si conponents exist in
t he exhaust gas, -it is Possible. to prevent Si poisoning and to
concentrate AIF ratio at near [err] [err] 1, and fall response property
Is._al so excellent. In addition, it is also possible to securely

6 Substitute sheet dln'}@’erni’ﬁér%g%%e pé&!@”ﬁe%etn‘?é{é’w&io&a'sn PUPPELLLR]
due to Si poisoning everm at [ow engine revolutions or | ow t'enperature

of 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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exhaust gas. - FIG Al is a partial cross-sectional view of a
sensor schematically indicating the functions of the present invention;
FIG A2 is a partial cross-sectional view show ng an enbodi nent of an
oxygéen sensor of the present invention; FIG A3 and A4 are partial
crgss-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 cas®iwver eofherted sb abllestl@rgtroless plaRli@g.AS2nd dhsar thaked at
cross-sectional view show ng an enbodi rent of an oxygen sensor (having
t he shape oftG#0 °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 into HzPtCls
solution containing 0.05 g/8 Pt, and evacuated to cause a
noble metal (Pt) to be carried within the first protective
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 component, such as
CaCl: -+ 2H20 (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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cl osed tube) of the present invention; FIG ASis a partial
cross-sectional view show ng a further enbodi nent of an oxygen sensor
(havi ng the shape of =~ a plate) of the present .invention; FIG A7
IS a cross-sectional view showi ng an oxygen sensor for full-range A/F
ratio control (also provided with a punping el ement) according to the

present invgnblon: por carrdildd A8 UYL dg3 %tlag{)ﬁnschsém%egnqa rﬁowder,

sem conduct of -~ ~ type oxygen sensor accor di ng e presént Inve

Zg(Gb) | §8|(?'ls %fgs}tst%sf%lc?%oa\r?éﬁ vﬁgs\rpagggchll\ﬁ%%ffé% BSI gglgtﬂ%ﬁ)dn tic i algr m

of waveforng,ghQWiNgs 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. .

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
* This Sheet
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outputs during control after tests; ' ' 7

Substitute sheet - 1 November 1996 FIGS. A10 and Al are diagram
sh'owl ng a waveformof a sensor output and defining measured times (T[err]
and "T[err]). respectively; FIG Al2 is a graph showi ng the

initial control A/F and changes in the control -A/F after durability tests;
FIG Al3 is a graph_showing the initial,

in (T[err] and T[er FRePptTat Hor dbaG ¢ ;I-Eg%rgl 1634 1EET Rl 2200 SORTGES

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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‘FIG Bl is a sem -cross-sectional view showi ng an oxygen sensor (a

-cl osed-tube-li ke oxygen sensor elenent) of the present invention;

FIGS. B2 - B4 are schematic drawi ngs of enlarged cross-sections of Il -

Il "in FIG Bl; FIG B2 is that according to Exanple B-1, FIG B3 is

that according to Exanple B-2 and FIG B4 is that according to

E_)r(léggilgeﬁ- gte}}lis%lr{ gcecroer dlghgn ttgﬁELgﬁg@&%?Z% %ﬁcﬁﬁ%??g%}gggghég@%%%@g
cl osed-tubesd j kgneLeTRRL nr Mg Wi th a heater;

(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.

This Sheet Has BeenReilaced

ARG




FIG B6 is a plan view showi ng anot her oxygen seasor element (having the

shape of a plate) of the present invention; - FIGS. B7 and B8 are
schematic draw ngs of enlarged cross sections taken along lines VIl and
VI17in FIG B6, respectively; FIG B7 is according to Exanple B-5, and
FIG B8 is according to Exanple B-6. 8

SEEF;:LFLS E?ZLH7 %J&Eﬁ?@erA1?96 and Sam ﬂé& NgQ. i§3§ dgﬁgraKBQfogre
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 TiOz . 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
um 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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Exanpl es B-5 and B-6; FIG B10 is a diagramfor explaining step 13
in Exanples B-5 and B-6; FI GS. Bl1l and Bl12 are di agrans show ng
stéps 2 and 3 in Exanple B-7, respectively; and FIG Bl3 is a
cross-sectional view showing an A/F- ratio sensor as an enbodi nent of the
present invention.

iy (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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- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As for the protective
| ayer (the second protective |ayer) containing the |Ila subgroup conponent,
Ca-and/or My are excellent as the Ila subgroup elenents. As for the
Conposi tion of the Ila subgroup conponent, nonoxides, for exanple,
chl orides, carbonates and nitric salts such as CaCI[err] N@CIIerr] and
the,like, .are re erred |l n_an oxy Szgsor a heate

Fur

however, everPokiBbsCHr eé’ffs&f’ﬁVe t%°e'?5‘r?| dr Pé&s e‘rad‘rple’
ecggaplarer]cadcé«\é.h-] (ad{ﬁ% ér)so n@ogl Sg}tde a?yfo ac::sont.rol 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

Th1s Sheet Has Been Rep
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used. The Ila subgroup conponent nmay be carried on a heat- resistant netal
oxi de, such as Al[err]Jerr], titania and the |ike.

Thi-s is the replacenent sheet _ 9
Substitute sheet - 1 Novenber 1996 It is especially preferred to be
carried on a nonstoichionetric conpound, for exanple, Tiqerr]

and Lalerr](err], with being highly dispersed. The values of x's for
Tigerr].x(andul@[ er m ewhktreaine preheryicd mariefdldk) x pedr]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.

As is apparent from Tables Al - A4, in the

_This Sheet Has Been RTlaced .
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and 0 < x [err]0.3, respectively. As for its production nethod,
‘there are a nethod in which the lla subgroup conponent has previously been
“carried on, for exanple, titania particles (having an average particle
size of, for exanple, 0.1 - 1 [err]), the resultant particles are coated
on the first protective layer as a slurry, and the coated |layer is

T PP LB R NGyl L Supl TSR
coul e0 oo p AT RSN 350 L o L L1 VBRSO
resul tant H%Mf'Flg EPBh?Cadﬁ 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 in 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 (Tre 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)

i
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-to heat treatnent, and the like. In these cases, the ratio of the Ila
“'subgroup conponent relative to the heat-resistant netal oxide of the
second protective |ayer may be not nore " tan 30 wt % based on the Ila
subgroup el enent, arllgl,(ﬁl?{ Eﬂ'gef‘er abl'y, not nore than 20 ww% If the
content exceeds 307wt % 'e sboﬁ%?’wetbﬁéﬁerﬁwwhﬁhe senSAyYgrradiah sy r
becomes worge, 51 hal oL, %Io' i ng ftarts to occur. In order to

pr event detetioratiof i Fa st IS SSRt BindbiRUmRing elemmnd dcthapdimgraa

catalyst, ig{s eG¢8ss hat at |east a part of the heat-resistant netal
Oxi de is[Néﬁentogs%gﬁéﬁéﬁéﬁ%hiBHePﬁxﬁ%ﬁmbBBn&PQQHCtor 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 partic}e size of 70

um were obtained by spray dryihg.

Step 4:
T o



This is the replacenent sheet - .10
Substitute sheet - 1 Novenber 1996 exanple, Tiderr] It is unnecessary,
however, that the entire is a nonstoichionmetric conpound, but the Ila
subgroup conponent may al so be di spersed and carried together with a
stoichionetric conpound (for example, - Tigerr], Al[err]Jerr] and/or

spi nel). In this case, the existence ratio of a
nonst oi chi onetric conpound to a stoichionetric conpound may

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

- 23a -
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be not less than 3 : 2, and, nore preferably, not fess than 2 : 1.

Furt hernmore, by including a noble netal, preferably Pt, in an anount of
not nore than 2 nole % (nore preferably, not less than 0.2 nole % and not
noré than 1.5 nole % under conditions of concentrated (rich) exhaust
gases) relative to the nonstoichionetric conpound, it is possible to
fufther suppress variations in the initial control AF ratio. In this :
case, as tieattsxropdrpreeeat ihe |sgmple apieges aRfratpeLoiPofERP 4nd a noble
nmetal may be present in an identical portion or the second protective

| ayer may A'RP cBhsist of portions in which a noble netal

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:
-_—
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Is carried (a fi r st protective portion)' and a portion in which Illa
subgroup conponent is carried (a second protective Portion). In the
| atter case, however, it is necessary to dispose the second protective -
poition at a nore outer side. Heat-resistant netal oxides for the
first and second protective portions are preferably - made of
both nonstoichionetric conpounds. As for the first protective Portion,
it is necessary that chlmonsdei cliagrpsinsg tte corpauintirabgi sifs & nIan sarigmupf
not less than 60 % It is also
This is tielemphhicenent ointedd 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) Production 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:
LY
After inserting the element B into 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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11 Substitute sheet - 1 Novenber 1996 preferred that the 1Ila subgroup
conponent is present - independently of the heat-resistant netal oxides

for the protective | ayer. The term "independent|y" or _
"i hdependent” indicates that the Ila subgroup conponent does not react to
the metal oxides to form conpounds which are inert to Si conponents, such

as MgTigerr]. In PARLIEELIME | §¥8au(~,aci{§r{ st ROt ECt hye tl.k?é’e@:ﬁrgen

which is disposed on a nore inner side than the second protective ayer
and direcilephsHOVEiamkhe &l fCtLQHE1e2BL1, 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 first protective layer by an atomizer and processed

DY 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

This Sheet Has Been Replaced

| HEMARA

-26-




- whi ch does not contain the Ila subgroup conponent, may al so be provided.
The first protective layer may be made of a heat-resistant nmetal oxide
(spinel (MO . Al[err]Qerr]) and/or "alumina . are particularly
préeferred), and may be firmy adhered to be coated by flame spraying.

I nclusion of noble netals, for exanple, Pt, Rh and/or Pd within the first

protective layer o blye@i! b soum! & gaftlialan aids 1 SIUGION Having
gas” an

unburnt conponents i the exhaus a provision of control A/F ratTo

which is excel]ent faor ensQr thysd t eGL Vs Y, e £Qf1 AL s ne
exanpl e, t1Tanfa® &u 6}-‘nc’a":jsn sbﬁnglIééngé% h‘éghgk(;%,coer?al?éa s%{' bgﬁgr g&il e‘ﬁsl%?\
the outer séggpgf the second protective |ayer.

(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.

.&mkemxd.
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It-is of course necessary that each protective |ayer has an air .
pernmeability to a degree such that. does not deteriorate the response
praperty of the sensor. For that purpose, the first protective |ayer may

have plenty of fine pores with a porosity of roughly 10-30 % and a
t pickness of roughly 10 to 50-150[err] For the second protective |ayer,
fine pores may When assembling the element, the heater obtailléd 46
t he repl acenent sheet 12 Substitute

sheet - 1 Noyggbar 1996 hayeirdsdrexdngbe, aft potOStdy comthct 35h% alhér
t hi ckness

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 for 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

. This Sheet Has Been Re
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of-10 - 50 [err]. The surface on the side of the neasuring

el ectrode . of the main body of the sensor elenent nade of, for exanple,
zirconia solid electrolyte, may have a structure having a roughness in a
depth of not less than 10 [err] This structure prevents peeling of the
protective layer and is therefore excellent in durability. As the

nmaterial fgohdt Re JBIFePOW0R1L B 2@NIWe d LAEBLMpdhEhel,M lvasCRBated on
seni conductors and the Iike may al so be used.

As  the pQBStushhoBBITSE GOMRAWRE, KAPIAZNWROXisAReTBYoRbESiRE onUSLAd
other than Tierr] (Ti oxide). As for the heat er, any

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 first
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 mingtes to impregnate the

noble metal into the porous Al.0: layer.
This Sheet Has B
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kinds, materials (for exanple, ceram cs) and nounting Positions may be
allowed as |long as the above-described. functions are provided. EXAMPLES
(Al to A-G%AepExanple A-1-(Table A, Sanple Nos. 1 - 14) (1) Main
bodi es of sthsor el ement (provided wth the electrodes and the first
protective layer) were produced Qy the following steps,1 - 9. Step 1:

5 mole % Y[err] O ePEEPBavi 1g§Ca pdrieQy of (SR MRS akRHATD 20 eS@ i ng
a purity of not less than 99, % and subjected to, wet bl ending, anq t he
resul tant RAKEEFEIKES 1A nkdt & [BrPectore 21aZEFS GRnD: 150 um

thick. was formed by flame spraying.
Step 11:

Water was added to chloride, carbonate, Ritric salc or
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, carbonate 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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13-Subst i
mat eri al
par.ticl es
wat er - sol
ap—averag
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tute sheet - 1 Novenber 1996 Addi ng water, the calcined
was pulverized in a ball mlIl in a wet state until 80 % of the
had particle sizes of not nore than-2.5 [err] Step 3:

ubl e bi nder was added, and spherical granul ated particles having
e particle size of 70 [err] were obtained by spray drying. Step

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
Stép 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.

T
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The granul ated particles obtained at step 3 were fornmed into a desired
tube-1li ke shape (the shape of a U tube) by rubber pressing and dri ed.
The . formed material was then ground into a predeterm ned shape by a
grinding- tool. Step 5: A sl udge, which was nmade by adding a

wat er - sol ubl e binder, cellul ose sodiumglycolate and a solvent to the

gr anul at edgpa tiscl es obtained in step 3, was applied, on the Quter surface
of the sanple piece obtained in step 4. Step 6: After being dried,

the sanple piece‘ﬂﬁfﬁJ““kiJEng_ 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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step 5 was fired at 1500 [err]C for 2 hours. The portion.
corresponding to the detection portion had a length in axial direction of
25 mm an outer dianmeter of about 5 nmmferr], and an inner dianmeter of
about 3 nmjerr]. Step 7: A Pt nmeasuring electrode layer 0.9 [err]
thick was deposited on the outer surface of the resultant sanple

14 -Substitute sheet - 1 Novenber 1996 piece of step 6 by electrol ess

pl ati ng, and then baked at 1000 [err]C.

(2) Production of the oxygen sensor

Identical to that in Example B-1.

e
The following tests were performed on Examples B-1
(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 (about
1 m downstream from the manifold), and "the engine was
( driven at 3000 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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Step 8: MO . Alferr]derr] (spinel) powder was plasma sprayed to
forma first protective |ayer which directly covers the electrode about
100_.[err] thick. Step 9: A Pt reference el ectrode | ayer was
formed on the inner surface of the resultant sanple piece of step 8 in

the sane manner as step 7 resulting in a main body of the sensor elenent.

(2).- The flamRrgedr aned MOr (WA Ff B5etPEknOftHdIeinTRIAL boPygeofansengeer
elenent was dipped into Herr]PtC[err] solution containing 0.05
g/[err] Ptihandigyasyatiad t peg8USe As the sensor’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 - B5.
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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resultant m xture was coated on the el ement obtained at process (2) by a
brush and baked. The baki ng was perfornmed under a reducing atnosphere at
5Q0:[err] C (5) A sensor assenbly was perfornmed in a known
manner. Exanple A-2 (Table A2, Sanple Nos. A5 - A27) (1) and
(2): ldentical to processes (1) and (2) in the abovenenti oned Exanpl e
A-1- (3) An organic binder and butyl <carbitol were added to
Tiderr] powder having an average pRABl&Esi&@of about 0.2 [err] and the
resultant m xture was coated on the elenent obtained at process (2) by a

brush and drfred—TheT
Sanmple AA/F
Element Existence of heater

No. 3000 rpm? | 1000 rpa®
A28 No.A3 Yes 0.02 0.03
A29 A _ Yes 0.01 ~b.02
A30 Al2 Yes 0.01 0.02
A3l - AlS Yes ' 0.03 0.05
A32 AlT . Yes 0.02 0.04
A33 AlS Yes 0.01 0.02
A34 - A27 Yes 0.02 0.03
A35 AlT No 2 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.

This Sheet Has Been R ﬂ - 31T =

LT



Ca

2H err] O
were then dried

Cad a
coated portion of the el enent obtained at

At that tinme,

(4)

The sanpl es

The
di pped in the solution and evacuat ed.

wat er .

in

di ssol ved

process 3 was |
concentration was changed in various val ues.

drying was perfornmed-in air at 120 [err]C

was

To
~
*juamd e dnoJ3qns e jo junomy (§ . ‘|e18m ajqou jo junomy (g ‘¥ ajom | (2
) ‘Gpy puB ypy °‘soy o|dmeg 1dodxe JolEay ® Y1]A poplAoid S| ofdwes yoel (]
™ : *agubl aA[luBAU[ Ol JO OPISING »
Q| 29w 082 {06 (IL°¥T| 8G°FI —_— — —_ — — I qoMde | | — | 19Y,
29°y1 082 06 JL°¥T| FO°¥I — —_ — — —_1 — —_ { ~— | [ouidS | 09V,
o | 88°kT |o08T (0L {IL°RE] 99°%1 — — — — { 1 { | { { 69V,
S| 88°vi 08 [OL {@9°b1{ 95l —_ — 02 { | I %X« DU § |%0VEH ¢ 3Gy
65 V1 06 |oL, e9°%1 ] LS'¥1 —_— —_ 02 003K | |} ¥ U | — | LSV
Ol ogsyr 106 |OL [£9RY| LS°¥T —_ —_ 02 {03z %%} | 1 WAER| — b2V | 9sv
g | eohl [OLT jOL BO°FT} 8S°FI — )} Kolom ) oFx.e “PMYE| | — -_— ! — | GGVs
S | 29kl |02l {09 (99°bI| 8G°Wl g WOVEH| | 02 | | — -— | — | PSVe
Dl oegrr Jos jor pocvI] 8g7HI - ZoIL] 02 {o%z-. Z0ED} | 1 | { -_— | £qv
o | 89771 09 0L [09°FT| 99°F1 — [eujdg| 0% i } 4 0. “poud| | _— { (44
< ] 09°¥I1 0L |09 {19°¥1| 84°F1 — Q%V| 02 { IR 1 | { — { 19Y I
o | 8Pl {09 (09 pP9°FIG LGHI —_ ZolL| 02 T003H | | I 20V | —_— { osy
= | 9%l 01 [08 {L9°pI| 89°¥1 — — g ofou ] OV § (X 0e|o0WE. %ped| |} - | 1AM o
nm 09°¥l 06T |08 L'¥T} 88°¥1 — — - — { T | { ¢ { 8V, ™
— | 09°FT 09 [0S RI'P1} 8G°FI — — 02 { ¢ 1 o] - ¢ { Lyy
o | &8 09 [0S @9°plI| 8G°FI — — 02 B0 | | | . { ¢ | avy |
& bl 08 109 [G9°F¥[ 19°%1 — — 07 ) | T- { | [P0 | Ghy
E 28T |oL |09 [S9°¥T| 29791 - —_ 02 (o%z- %0e)) | T oclx. Uyl | - { 1441
O P ogpr {09 |os ROKT| 6SPI| — — 0% 008K [ 201l | T | | — } £V
g9 vl 0L 00 [P9°bi| 09°F1 — — 02 |0%M2- O8I P0%V| I { } — { oy
c P EFT (0L {09 [F9°PI | 8GhI - — 02 (§0ed| I I | { — | 144
Ol ®pr {09 (05 @9k 85yl — — 02 |0%2- 2p083{2%0IL] 1T v 201d%H | B011 “w. [outds | opv
¢ 1501 ] - 16100 | opixo| (%IA (X 9jom [Ejon | opjxo
. Mw 194D thﬁ WJP /Y Y ofiud o1qoN 1819} b o_dxw 1atloduay ppixo |, o011ty Juatioduog ppixo | ofqoN | [ri1o) N
mm,M“4|erwu 1501 I8 Jo1Jy ~«ﬂ“«=_ 1048 d=o=0hhmwmnsmhmmnw el i ﬂwﬁa=wmwa“mwmnswﬂ“uum o lofe]  ledmg| | GE=S
= AWHEE a dA1190104d pItg ToRe] BAT196101d" UGS A]109104d 1847, m”
Mtw.w ¥V aTdvlL =
Sown . ‘ T, e—
= O o | 3 m—
C._ 5 ~ ‘ G —
— vﬂl
- O .- e
—_— D 4= .
TD O
o Q
C o 3>
—am



| déntical to that
Producti on of the heater
A.[léerr]Jerr] was forned
met hod.

etc.

solvent to Was the main conponent,

t he-screen printing nethod.
or gani ¢ bi nder
addi ti onal
sheet obtained at process (3)

(1)

a conductive -

in Exanples A-1 or A-2 described above.

(b)

A sheet conprised mainly of

(2) Using a paste nade by adding an organi c bi nder
pattern was printed by

into a thickness of 0.8 nm by the doctor bl ade

and a

ABLEISBYL a paste made by addi ng an

was wound

coating 30 [err] thick was further provided.

and a solvent to Al[err](err] as the main conponent,

an

(4) The

First 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% [CaCly - 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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around an insul ating tube having an outer dianeter of 2 nm and conprised
mainly of Al[err]Jerr] , resin was renoved at 400 [err]C for 24 hours,
and the resultant tube was fired at 1550 [err]C for 2 hours. (5) -
Lead wires were silver brazed at He{ ?L Qortlons to provide a heater.
(6) When assenbling the elenent, he ater obt ai ned at -processes

(1)-- (5)—was—insert inner surface of the
cl osed-tﬁbe-l i ke el (fwwm Sanp| Rffesence A7 Respapsy
1. A shget conprised magppky of Zr O erlsubgroupd MOl 16i1Ya1| Nk RS Bebdeb )" bropérsy
formed by theamgect of—bradermet }4%93 ﬂ't ° c%mgogén%l%nesscontrol initial stage |after test

Metal | Noblg

No. oxide | metal oxide Composition Amount and after (nsec)

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

BL1 Spinel® — |Af20, |CaCla 15 | 2.12 0.02 30| 60

B12 t | — ] t |CaCl, +2K0] ¢t 2.05 0.02 30] 50

Bi3 t — t | MgClq } 2.17 0.02 30| 50

Bl4 t — t | CaCO; - MgCOs| t 2.20 0.02 30| 60

BI5 t |Pt3y t |CaCl; -2H, 0]t 2.17 0.03 40| 60

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 |pt3g t |Ca0 t 2.19 0.08 80| 140

B20 t |Pt3¥ t |CaCl -2H: 0|1 2.15 0.03 0] 60

B21 t |pe1y t t 30 | 2.0 0.02 80| 80

B22. $ t t 1 50 | 1.83 0.0t 80 { 100

B23 t t |TiD2 | MgCOs 2 | 2.16 0.02 50{ 70

B24 1 t] ¢ t 40 | 1.91 0.01 70| 80

B25 t t] t |Mg0 15 | 2.13 0.08 100 | 180

B26 t | t| t [CaCh -2H0| 2 | 2.22 0.07 80| 70

B27 ¢ t] ot 4 10 | 2.18 0.02 40| 80

B28 t t | Spineld t 10 | 2.2 0.03 50| 70

Comparison BII t t | A220s —_ — 1 2.28 0.12 150 | 230

B29 t | — | — (CcaCl -2M,0| 0.5] 2.23 0.07 70( 90

B30 tl =] — t 10 | 2.08 0.04 50| 80

B3l t | —1 — $ 20 | 1.73 0.02 50] 70

B32 to|P1y  — |Mg(N0R. 0.2] 2.19 [ 0.09 80| 100

B33 t t] — t 5 | 2.12 0.05 60{ 70

B34 t t — t 15 | 1.94 0.04 | 9

Comparison BIV t 1 — — — | 2.27 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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O 0.8 nm (2) Using a paste nade by adding an organic bi nder and
a solvent to Pt as the main conponent, electrodes 20 [err]
17 Substitute sheet - 1 Novenber 1996 thick were printed on both surfaces

of the sheet by the screen printing nethod. (3) A paste, which
was made by adding an organic binder,_a solvent and further a small anount
of starch and the like for the purﬂ%@@ Bvi di ng a porous nmaterial to
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 .02 0.04
B38 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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a main conponent Al[err](err], was coated so as to coat the

el ectrodes in a thickmess of 30 [err] (4) A paste, which was nade
by :addi ng an organic binder and a solvent to Al[err]Jerr], was coated on.
two surfaces of a sheet identical to that in process 1 to a thickness of

30 [err]. (5) A heater pattern 20 [err] thick was printed using a
paste identical to that used in process (2). (6) -Process (4) was
further repeated (on the surface of the heater pattern, except the

el ectrode). (7) A sheet identical to that in process (1) was cut

in the formgenerally of U and the TPBEE sB&t was

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 3} 50
B48 t Bpinel t 10| 2.25 0.05 30| 50 |

B49 t 102 t 15} 2.43 0.04 30 40

B0 t lﬁﬂzﬂa MgCOz | 15| 2.49 0.08 30| 40
Comparison BVE t - — — { 2.51 0.22 100 | 330

1) Theramouq.t of the Ila subgroup component is relative to the metal oxide
.(spinel. T10, . A%20s ) of the second protective laver and converted into the Ia
subgroup elesent (Ca, Mg).

2 TiOé semiconductor also serves as the first protective layer.

\
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i Rt er posed between the—sheet- printed with the el ectrode obtained at

processes.&m

obt ai ned ‘i n
subj ect ed. -t
renoved - iat

he sheet incorporating the heater pattern

;Sh-eet a an aced .- . .
= (6), and the entire lamnation was
mmﬂﬂ ﬁ@ Lessi on bondi ng. : (8) After resin was
1 r 24 hours, the lamnate was fired at 1500

[err]C for 4 hours. (9) The protective layer carrying titania and
the 1la subgroup conponent was fornmed.- As for the second
ProtectiaﬁAiﬁggr, Sanmpl e No. A37 is identical to Sanpl e No.

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.

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).

‘An oxygen sensor according to Claim 1 or 2 wherein the

protective layer also includes a noble metal at least in a part
thereof.
.,

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.

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.

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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d dijddc Prasthe@Reptacdd Novenber 1996 A3 in Exaan e A-1, and Sanpl e Nos.

18~Sub§£

A38 and- \§ ical to Sanple Nos. Al 7 and Al8 in Exanple A-2,

r éespect jmﬂﬁmw A-5 (Table A4, Sanple Nos. A40 - A55, A60 and A61)
(1) |dem® hat in process 1 (steps 1 - 9) in Exanple A-1 described
above: For Sanple Nos. A45- A48, the noble netal was i npregnated
into thefir &0 EIIRN | SENSQFera¢erXhnGate e 2% iTher 8Zesedingn Eahpte
A-1 describe¢nhabe¥f. an inner protective layer (4) not including the IIa

subgroup component 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.

8. 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).

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

component is mainly Ca and/or Mg.

10. 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.

1l1. An oxygen sensor according to claim 10, wherein the 1IlIa
subgroup components are nonoxides.

12. 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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1his Sheet Has Been Replaced
() Ti mm“,m”mwﬂﬂr (having an average particle size of 0.3 [err] was
di pped [err] solution containing 0.05 g/l -1 g/[err] Pt
and/or RoC [err] . xHerr]O solution containing 0.05 g/[err] Rh, and left
under a XredwredopygssusensbrS@ccotf@ngnity fodmimatfautwlergimut eve t protective
i npregnate I o] t ai | n, r gﬂ]gjn & 9ol
nolze % rel a'ltilta e]'r Eg)ﬁ'i Efé‘f'%‘?m?'ﬁ% ?ggu ?gﬁg’“!ﬁ)gﬁﬁe%?gﬁ%ﬁ{%?ﬁr (_:I‘ra%'g , .suﬂ?eg?ed
to heat tr@dtwdma i mnsl whetredgo o duatberapgoseshidve hayepr sorhedingya Ila
further addipAdbuy ¥Mgorindars #dvaqeal ¥8Nltieast on the(8htdhgeperégedns
coated on the first protective |ayer, and dried at 120 C (the first
protective layerportion 20 [err] thick).

1l4. 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.

15. 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.

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

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

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

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

139. 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.

20. 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 -~

A s




(4) Titania powder was dipped in a solution of, such as CaCl[err] 2Herr]O
and the like, and the dried while boiling. A paste was then provided by
adding a water- soluble binder and water. The anount of the Ila subgroup
conponent was 20 wt%relative to TiJerr] based on the Ila subgroup netal.
19 Substit utReakergsisganpyBasal Pydgle powder, (and; faifaSEEAREs RRLRCE bre
fhe first Prodpst | v€ £ooNEd  bpnéla baketupty 600 [err] C (the second protective
| ayer portion [err] thick). -

21.

22.

23.

24.

25.

26.

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.

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.

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.
. . |

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.

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

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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(6) Athird broteé?ive | ayer was properly ormed on the second protective
| ayer (consisting of the first and -second/;grotective portions).
Furt her nore, sanples of. various kinds df nultilayer -structure were

prepared as shown in Table A4. (7) The sensor assenbly was
performed in a known manner. Exanple A-6 (Table A4, Sanple Nos. A56 -
A59) (1) Identical to that in processes (1) - (8) in Exanple A-4

descri bed above. For Sanple Nos. A58 and A59, however, a noble netal was
i ncluded within the protecti®® Ahyer conprised of Al[err]Oerr] in the
same way as in Exanple A-2.

AIR s:bg{ .. ... EXHAUST-GAS SIDE
N
N\
N
N\
\ -
N
N \
N
Q Si COMPONENT
R
2
LY
FIG. A2
AIR SIDE
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(2) A paste i dentical to that used I nap /2&;55 (3) in Exanple A-5 was
coated, and baked in air at 600 [err]C fformthe first protective

portion (20 [err] thick). . (3) A paste-.identical to that used in
process (5) in Exanple A-5 was coated, and baked in air at 600 *C to form
the second protective partion (20 amthick). (4) A pair of support

meaber s were nounted on bot G. gggs of the el enent thus obtained by glass
seal . (5) The sen enbly was perfornmed in a known nanner.
The present invention is not limted to the abovedescribed exanples, but

may al so be applied to various

EXHAUST-GAS SIDE

CLOGGING DUE TO SiO, ETC.
DURING LOW-SPEED
REVOLUTION

AIR SIDE

FIG. A4

EXHAUST-GAS SIDE -

Si COMPONENT REACTS TO IIa SUBGROUP
COMPONENT )

SURFACE ADHERENCE OF Si COMPONENT

AIR SIDE REDUCE
CLOGGING DUE TO Si0Oz ETC. REDUCED
61
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This is the replacenent sheet 20
Substitute sheet - 1 Novenber 1996 \g%p.e’s of oxygen sensors for AlF ratio
control, for exanple, a full-range sensor for .A/F ratio control also
provided wth a punp and-the like (see FIG A7), and to a sensor
utilizing a netal -oxide sem conductor, such as Tierr], CoO. and the

like (see FIG A8). In the case with a senm conductor-type sensor,
a noble netal may, for expm®l eas

EXHAUST~-GAS SIDE

AIR SIDE
e~
k)
FIG. A6 )
5
EXHAUST-GAS SIDE 3 { a
SN D
~ v \V] v v v v v
WV v v Ve uv V\; vV
AIR SIDE 2 "l 1
¢ (V4 v \'4 v v \
- . N

_—

i
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"be included within a netal oxide which is a sem conductor, a flane-sprayed
| ayer of spinel and the Like may be prpvided, and a second protective

| ayer containing a Ila subgroup co #E& may be provided. . FI GS
Al” - A8 show oxygen sensors according the present invention. |In these
figures, there are showmm a main body of a sensor elenent 1, a reference
el-ectrode 2, a neasuring electrode 3, a first protective |ayer 4, a second
protective layer 5 a heat - r esi st ant nmet al oxide (particularly a
nonst oi chionetric conmpound) 5b,pr@. hha subgroup conponent 5a, and a
heater 6. Tests ,

EXHAUST-GAS

At

<

MBI

N
AN

Q)

FIG. A8 (a) | FIG. A8 (b}
=™ P 2(5)
P U iy ) i (23
== ////////////
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The following tests were perforned for each of t he - sanpl es. 1.
The initial control A/F of the sensor was neasured in a real vehicle.

As for the measuring nethod, the ST was nounted to a manifold, and the
engi ne was controlled by the senso when the running condition was fixed
at .80 kmhr x 8 PS, and the:A/F ratio in the exhaust gas was neasured by

an:A/F-ratio neter. 2. The sensor was nounted to an exhaust

p! pe

FIG. AS

v CONVENTIONAL
PRODUCT

[ \

SLOW IN FALL

INVENTIVE
PRODUCT . RISE OF VL

OUTPUT DURING CONTROQL
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21 Substitute sheet - 1 Novenber 1996 (about 1 m downstream fromthe
mani fol d), and the engine was dr| ven,at 3000 rpm (1000 rpm when a heat er
was attached except Sanple /é - A39). while. further injecting
silicone oil fromthe manifold portlon at arate of 5 ¢cc/30 mn for 1 hour
(in total 10 cc)[Si test]. The atnosphere was at near an excess air
fagtor [err] 1. 3. The neasurenent in test 1 was perforned to
obtain a change in A/F (AA/F) between the initial stage and after the
durability test. As the seasor's response property, the sensor out put
was nonitored by a high-speed

FIG. a10

SENSOR OUTPUT

FIG. A11
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'response recorder (see, for exanple, ,FIG A10). As'shown in FIG A, by

- drawing rectified gradient curves t he act uaIIy pl otted curves vmth
variations, time intervals betwee 0O mvV and -600 mV (T[err] and T[err])
wer e rreasured after the Si ‘test. 4. For Sanple Nos. A28 - A39, a

current was passed through the heater (except Sanple No. A35) at the

engi ne revolutions of 1000 rpmand 3000 rpmwhile injecting silicone oil,
and the control state of the sensor was observed 5. In the engine
of a real vehicle a heat cyclggg test between 850 [err]C (30 m nutes) -
idling (30 m nutes) was

I CONVENTIONAL PRODUCT

17
5 I6F /"2
O e
& Isf .
z
Q
O

14r INVENTIVE PRODUCT

INITIAL AFTER DURABILITY TEST

FIG. A13

CONVENTIONAL PRODUCT

2

7
7
P

TR!. -~ INVENTIVE PRODUCT

”

INITIAL AFTER DURABILITY TEST
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~performed for 1000 hours at excess. a;;/factor and the control A/F was

nmeasur ed. The results of th ts are shown in Tables Al - A4
and FIGS. Al2 and A13. _ As i apparent. from Tables - Al - A4,
in the This is the repl acenent
sheet 22 Substitute sheet - 1 Novenber

1996 conparative exanples which are outside of the range of the present
invention, variations in the PI&. reti o are |arge

This Sheet Has Been Rei
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([err]ANF.[err] 0.08) and fall response property al so becomes sl ow (T[err]

120 msec)

at - Si

tests.

Fur t her nor e,

variations in the AF ratio are | ar ge

ot her hand,

Furt her nore,

in each

of
AEratio are significantly
response property is also

sanpl es

in

in the heat cycle tests,
suppressed ([err]A/F [err] 0.0Q2).

t he

n the
A'F = 0.04).
Exanpl es,

heat cycle tests,

On

and the

(T[err] 90 nsec).

variations in the A/F ratio are
Fromthe results shown in Table

A3,
C1

AIR SIDE
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the

variations in the
suppressed ([err]A/F [err] 0.04),
mai nt ai ned at a high | evel

In the case of a IOM(re$3] i3%1(lom1tenperature) of 1000 rpm and 300



[err] AF becones | arge when the heat ef does not exist (Sanple No. A35).
This is considered to be caused by ~ the adsorption effect by
the | la subgroup conponent is vveake gz%vhen Si.is mxed at a | ow
tenperature. On the other hand, of the elenents Nos. A28 - A34
and Nos. A37 - A39 in the Exarrpl es provided with the heater, variations in
the A/F ratio can be significantly suppressed even after the Si 'tests at
such a low tenperature ([err]AF [err] 0.05). It was al so
confirmed that, when the Ila subgroup conponent and the noble netal are
provided in separate protective portions in the second protective

| ayer, the initial A/F value has a tendency of rich control.
FIG. B4
AIR SIDE EXHAUST-GAS SIDE
S N et
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N
N
N
t .
N Si
: .
N
N
P
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Examples (B-1 to B-7) _ . _ 23 Substitute sheet
- 1 Novenber 1996 I'n FIgS/Og? - B13, there are shown an oxygen
sensor A, an oxygen sensor elenmenf B, a punping element C having a pair
of el ectrodes, an oxygen-ion conductor 1, a reference electrode 2, a
measuring electrode 3, a first protective layer 4, a second protective
|layer 5, a lla subgroup conponent 5b, a heater 6, support nenbers 7 of
the elenment, a housing 8 aring 9 for calking and a filler 10.

FIG. BS

AIR SIDE
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Exanple B-1 . Oxygen sensors (Sanple Nos. Bl- B10) conpri sing

cl osed-tube-1like oxygen sensor elenenfs having protective |layers as shown
in"FIGS. Bl and B2 were obtai ned bPY#S fol | ow ng steps. (1)

Prioduction of the element Step 1: 5 mole % Y[err](Jerr] having a
purity of 99 % was added to Zr(Jerr] having a purity of not |ess than 99
%:-m xed, and the resultant m xture was calcined at 1300 [err]C for 2
hours. Step 2:

FIG. Bé6
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Addi ng water, the calcined material was pulverized in a ball nill in a wet

state until 80 % of the particles reg§ _particle sizes of not nore than
2.5 [err] Step 3: -A vater-d e binder was added, and spherica
grranul ated particles having an average particle size of 70 [err] were
obtai ned by spray drying. Step 4: 23a
Substitute sheet - 1 Novenber 1996 _
FIG. B7
14 vV
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~The particles obtained at step 3 were forned into a desired tube-like
shape (the shape of a test tube) by rubber pressing and dried. The forned
maferial was then -ground into a preﬂgéé?_' ed shape by a grinding tool.
St'ep 5: A sludge, which is ;fadding_a wat er - sol ubl e bi nder,
celd ul ose sodium glycolate and a solvent to the granulated particles
obtained in step 3, was applied on the

FIG. B9
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‘This i's the repl acenent sheet . 24
Substitute sheet - 1 Novenber 1996 outer surface or the sanple piece

obtained in step 4. Step 6: © After being dried, the sanpl e obtained
i step 5 _
ABSTRACT
Oxygen sensor element (1) (2r0, solid electrolyte etc.) for

detecting oxygen concentration in an exhaust gas has a protective
layer which is made of_a heat-resistant metal oxide (5a) and which
carries a component (5b) of a IIa subgroup element (Ca, Mg etc.)
on the side exposed to the exhaust gas of the sensor element (1),
at least a part of the protective 1layer being present' as a
nonstoichiometric compound (Ti oxide etc.) with respect to the
heat-resistant metal oxide. Si-poisoning is prevented. A heater
(6) for heating the sensor element is provided for preventing Si-
‘¢ poisoning at low tempefatures.

‘&30(4 B,
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was fired at 1500 ~C—for. 2 hours. The portion corresponding to
the detection porfionhatl a length in axial direction of 25 nm an outer
di aneter of about 5 mmjerr], and an inner dianeter "of about 3 mjerr].
Step 7: A Pt neasuring el ectrode $u@ituts Qhé@({” NidV kbR g 996
deposited on the outer surface of the resultant sanple piece of step 6
by el ectroless plating, and then fired at 1000 [err]C. Step 8:

MJO . Al[err]derr] (spinel) powder was plasna sprayed to form an

el ectrode pratective layer (a first ct e :
. REPLACED s E’TS.”M* | REPLACEMENT SHEETS SG
RE S& ’t B Description : paged ... to paged 42
I:l Description : pagnd ....... to paged ...o... | Claim(s) :paged 2210 pagedf:_
HATClaim(s) : paged 4‘3 to paged #§..| | & Drawing(s) : paged 11 Wsto paged . 0
) - — |17 _..':éAbst- act :paged .=, to paged 7.
[ Drawing(s) : paged e++see. 10 paged ....... . 1996
O Abstract  : paged ..777.. to paged ..... ool B DATE OF RECEIPT -4NOV

OXYGEN SENSOR. AND METHOD FOR PRODUCING SAME

This invention relates to en ‘oxygen sensor, and
more particularly, to an oxygen sensor for controllj.ng
.&ir/t‘uel ratio which is utilized ir; combination with a
three-way catalyst in an exhaust-gas purification system for

2utomobiles and the l_ike.
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| ayer) about 150 [err] thick. For Sanple Nos. B5 - B10,B15 - Bl18 and B31.
- B34, a noble netal was contained in the spinel powder. Step 9:
A Pt reference el ectrode | ayer was formed on the inner surface in the sane

manner as step 7. Step 10: At be%ﬁbs{iﬂﬁeui{?ﬁ&s% E%Hbv%{g%ﬁg

was dipped into Herr]Pt(err] solution contalning
| eft under a reduced pressure of 50 - 100 mmHg for about 5 mnutes to
i npregnate a noble nmetal into the first protective |ayer. Step 11:

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
important prerequisites for sensors to suppress variatiocons
in initial contrel air/fuel. ratio (A/F ratio) and
variations in A/F ratio after application for a long period
of time.

‘Recently, in 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 for the semsor.

In order to suppress_ variations Iin' the initial
control A/F ratio and variations in lthe A/F ratio after
applications for a long period o'f tim.e,- various kin&s of
countermeasures have been performed in which & noble metal
is included within an exhsust-gas-si&e protective layer of
an_oxygen sensor in order to complete combustion reaction
of unburnt components until a gas reaches a sensor

electrode.. Among them, the present applicant also found
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25-Substitute sheet - 1 Novenber 1996 - A chloride, carbonate or
nitrate of a Ila Subgroup elenment was coated on the first protective |ayer
by an atom zer, and processed under a nonoxidi zi ng at nosphere at a

tenperature- not nore than 600 [err"]@tshbsft@lpﬁls-ﬁ?ets_ef%‘bqle rortﬁgé'-ve
el enent. 0

| ayer (5 - 30 pmthick) resulting in a sensor I on
of the oxygen sensor - Usi ng t he oxygen sensor el enent B thus

produced, the o>;ygen sensor A was obtained by the follow ng steps as,
. ‘that by providing a protective layer (a second protective

layer) made of a nonstoichiometric compound; it is possible
to hold a ca.ta.l.{rst 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, TiOz-: (x s 0.4), having electron holes or defects,

prevent the adgsorption of excessive CO and Oz on
electrodes and/ar protective layer in rich/lean atmospheres, and are
adapted w?ll to noble metals. Hence, it becomes possible
to concentrate the initial control. A/F and control A/F
after durability tests at near an excess air factor A 5 1
The content of the noble metal in this layer is preferably
not more than 2 mole % relativé to the nonstoichiometric
compound. If the content exceeds this value, emission
gradually becomes at the 'rich side, and CO .and the like
become exhéustede By using such aﬁ element, the control
A/F ratio of the sensor hés little variations at the
initial stage as well as after applications for a long
Period of time.
It has further turned out, however, that,
) although the sensor. element is more effective than
Conventional oxygen sensor elements when Si components are

*Acluded within exhaust gases, it is shifted to the lean

Side to a large extent.
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shown in Fig. Bl., Step 1: After inserting the element B into a
housing 8, a ring 9 for calking and a filler 10, such as tale or carbon
were | oaded to secure an elenent B within the housing 8. Step 2:

Leads were connected to el ectrodes 23@an ' . Ra N
ngsﬁ’étﬁ‘e SPEP{H b Navepﬁgﬁplong he

A protective tube 11 was di sposed covering the dis end por
el enent B, and the distal end of )
Accordingly, it {48 an object of the present

invention to prevent variations in the initial coatrol A/F
ratio, to minimize variations in the A/F ratio after
application for a long éeriod of time, and teo preveﬁt shift
to“the lean side due to Si poisoning and deterioration in
fall response préﬁerty.
This object is solved by the oxygen sensor of independent
Claim l: Further édvantageous.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 advahtageous features of this

method are evident from the dependent claims.
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t he housing 8 and the rear end of the pfotective tube 11 were wel ded
together. Step 4: An outer netal tube was covered to obtain  an
oxygen sensor. Exanple B-2 26

Substitute sheet - 1 Novenber 1996 4 SubEtnﬁlt@%ﬁ\e%E LR Eggggqg@sstep
11 of the oxygen sensor_elenent in Exarrp secon protective

| ayer Accordingly, in the present invention (common
through all the aspects), by including at leé,st a component
consisting of Ia subgroup elements 'in the international
periodic table (termed hereinafter a "Ia subgroup
component”) within the protectiire layer (including that
carrying a ncble metal), Si components can be subjected to adsarption
reaction by the protective layer before Si com'ponents
within exhaust gases reach the active site (or reg:.on) of

the sensor.

Presumably, it is due to the fact that since the Ia
subgroup camponent, especially Ca and/cr Mg within
: @epmtec:ivelayer,:eactstoﬁm;smaimawithinm
 gases at a temperature at which the sensor is usea' to
Rroduce crystals having a low melting point, Si camponents do not
Penetrate into an air-permeable protective layer (a first
Protective layer) which consists of a heat-resistant metal
°xi€.ie (especially of spinel and/or Al2:0:) and does not
contain a Xa subgroup .component, and a noble metal a.nd
electrodes ﬁhich exist within the first protective layer
are therefore protected. As the Ia 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 a.J.so
&re highly active to the Si.
However, y-rhen Si contained within the exhaust gas
is mixed at a low engine revo'lut:i.on, that is, at a low

tempel‘ature, Si-adsorbing effect by the @a subgroup
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was formed in the followi ng manner. - That is, water was added to a
chloride, carbonate or nitrate of a Ila subgroup elenent, Al[err](err]
powder having an average particle size of 0.5 [err] or Tigerr] powder

having an average particle size of 0.3 gl &yblstiiG® ?é&?d 1 N ehtser £996t ant
m xture was coat ed on the first protective |ayer an atom zer and

processed_ _under nonox dj g tmaz,gp enal Wea beh r andt han
600 [errf&xll &Pﬁ&w sees’?e %%fig c ner Sg,tgauhama e oxygeﬁmgengors

(Sanpl e M@ ScamBbrerttsBscas SRy Pefeedatts EKI %é%l%&écﬁ'\é”erﬂaire@f a closed
tube-1i ke shape and the protective layer(s) were obtalned, aS shown in

FI GS. Blw?.'%gmul%?"performing reaction. In such case, when the sensor
is exposed at a high temperature, the Si is converted into
Si0: and the like to occasionally produce clogging in the

protective layer.

Accordingly, in a second aspect of the present
:.nvent.:.cn.thepenetrmon of .the Si camponents at a low tetperature
can be prevented by providing a heater for heating the
sensor eleqtent as well as including the Ia subgroup '
compoxlxent within the protective layer on the side exposed
tonthg exhaust gas. This is achieved due to the fact that
by raising the temperature of the protective layer by the
heater to increase the adsorption capability of the Ia
subgroup conponent, the Si Cmpmem:scanreacttothei:a subgroup
component to reduce the penetration of the Si alone.

In a third aspect of the present invention, as ‘the
basg material for the protective layer (especiaily the
carrier of the Xa subgroup component), its metal oxide is
Present as the nonstoichiometric compound. Si poisoning
can thks mére effectively be prevented. It is particularly
Preferred to combine those aspects aescribed above.

As described abovg, according to the. present
j"“’em'd'.t:tl.'x, even if Si components exist 'in the.exhaust gas,
}t is possible to prevent Si poisoning and to concentrate

A/F ratio at near A ¥ 1, and fall response property is also

SXcellent. In addition, it is also possible to securely
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Exanpl e B-3 In place of step-11 of the oxygen sensor elenent in
Exanpl e B-1, the’second protective layer was forned in the follow ng
manner. That is, a chloride, nitrate or the like of a Ila subgroup

el enents was dissolved in water, the firgst ' 1 3y, di in
the solution, left under a reduced preéﬁu?%ﬁﬁﬂ%ﬁggbggt13d€§%é®%Pﬁﬂe§%gut 5
mnutes, and dried at 120 [err]C for 2 hours, I n _the same manner
as in ExaRpedemt] fgteqinnatiendpsis oRRppeEbiesr AYSakf e SNosPORSSNINERY)
conprising closed-tube-|ike oxygen sensor el enents having protective
‘layers as°e¥eSwtt 9 PEBe REVBA Ykt enBphoF #8Jlow temperature of

exhaust gas.

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

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

| FIG. A3 and A4 are partial cros;-sectional views
schematically indicating <the functions of <the present
invention (FIG. A3 is a cgée where there is no heater, and
FiG. A4 is a case where there is a heater); |
' FIG. A5 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. A§ is a partial cross-sectional view showing a
further embodiment of an oxygen sensor (having the shape of
2 plate) of the present invention; |

FIG. AT is » cross-sectional view showing an oxygen
Sensor for full-range A/F ratic contrel (also provided with
& pumping element) accordiné to the present invention;

FIG. A8 provides diagrams showing a semiconductor-
tYPe oxygen sensor according to the present invention; FIG.
AB(a) is its plan view (a protective layer is onitted), and

. FIG. aB(b) is its cross-sectional view; |

FIG. A9 is a schematic diagram of waveforms showing

SUtputs during control after tests;
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Exampl e B-4 _ : . This is the

repl acenent sheet -
1 November
havi ng

(1)
B-1

heaters as shown in FIG B5 wege Sﬁbé’hﬂﬁg slﬁ?éeihel ﬁlB\rEﬁ%Ue'Fgls eps.

Pr oducti on of t he el ement dent i
" FIGS

B- 3.

27 Substitute sheet
1996 Oxygen sensors (Sanple Nos. B35 - B4l)

tot I n Exanpl es
. Al0 and All are dxagram showing a waveform of

a sensor output and defining measured times (T.a2 and Tr.),
respectively;

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

FIG. Al3 is a graph showing the initial (T.r and

Te. ) and changes in (T.zx and Taie ) after dursbility tests:

FIG. Bl is a semi-cross-sectional view showing an

oxXygen sénsor (2 closed-tube~-like oxygen sensor element) of
the present invention; |

FIGS. B2 -~ B4 are schem#tic drawings of enlarged
cross-sections of I - W in FIG. Bl; FIG. B2 is that
according to Example lB-l. FIG. B3 is that according to

Example B-2 and FIG. B4 is that according to
Example B-3 ,
/

FIG. BS is a schematic cross-sectional view showing -

&R oxygen sensor according to Example ﬁ-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 present
1nvent10n'

FIGS. B7 and B8 are schematic drawings of enisrged
Crossg sections'_gaken along lines VI and VI in FIG. BE,

TeSpectively; FIG. B7 is according to Example B-5, and FIG.

8 is according to Example B-6,
P
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(2) Production of the heater and the like. Step 1: A sheet
conprised mainly ‘of A[ferr]Jerr] was formed into a thickness of 0.8 nm by
~the doctor blade nethod. Step 2: Usi ng a paste made by addi ng an

organi ¢ binder and a solvent to Was thg g %ﬁﬁgggp nt, con
eyt

pattern was printed by the screen prlntlng e SRb J'gﬁgﬁlsing
a paste nade by adeiGg aB9orpenia Winderamndfon so.ip!lemin‘iagAl éeep] q_erirx} as

the main conponent, a coating 30 [err] thick was further provided.
Examples B-5 and B-6;
FIG. Bl0 is a diagram for explaining step 13 in
Examples B-3 and B-6;
FIGS. Bll and Bl2 are diagfams showing steps 2 and
3 in Example B—7,-respec£ive1y; and

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

ratio sensor as an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
As for the protective layer (the secohd pro;ective
layer) containing the Xa subgroup component, Ca and/or Mg
.are excellent as the Ia “';ubgropp elements. As for the
Composition of the Ia subgroup component, nonoxides, ;‘.’or
example, chlorides, carbonates and nitric salts such-as CaCl:,
MgCO: and the like, are preferred. In an oxygen sensor
Rrovided with a heater, however, even oxides are effective.
Furthermore, their hydrates, for example, 0#012 - 2H20,
 ®Omplex oxide such as CaCo, - MgCO: (dolomite), may also be
Used,

The Ia subgroup component may be carried on a heat-~

resiStant metal oxide, such as Al:0;, titania gnd the like.
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Step 4: The sheet obtained at step 3.was wound around an
I nsul ating tube having an outer dianmeter of 2 mmand conprised mainly of
Alferr]Jerr] , resin was renoved at 400 *C for 24 hours, and the

resultant tube was fired at 1550 [err]C §oguBstitiRe/'sheet 5t1eﬂo§émbeﬁ 1996

Lead wires were silver brazed at termnal portions to provide a heater.
Step 6: 1t is especially preferred to be <carried on a
ponstoichiometric compbund, for example, TiOz -, and
La:0s-x, with being highly dispersed. The values of x's
for TiOz-: and La203;.. are preferred tc be 0 < x £ 0.2

and 0 < x ¢ 0.3, respectively.

As for its production method, there are a method in
which the I'a subgroup component has previously been carried
on, for example, titania particles (having an average
particle size of, for example, 0.1 - 1 ugm), 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 method in -which titania
particles are cocated on the first protective layer, the
coated layer is then dipped in a solution of the Ia
iubzraup 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, th.e ratioc
of the IXa subgroup‘ compone_ﬁt relative to the heat-resistant
hetal oxide of the segond.protective layer may be not more
tan 30 wtX based onlthe Ia subgroup element, and, more
Preferably, not more than 20 wtX. If the content exceeds
30 wtX, the responsive property of the.sensor gradually
becomes worse, that is, clogsing starts to occur.

In order to prevent dete:ioratian in durability of
@ noble metal as an electrode or a catalyst, it is
Decessary that at least a part of the heat-resist.a.nt metal

°xide is present as a nonstoichiometric compound, for
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28 Substitute sheet - 1 Novenber 1996 . \When assenbling the el enent,
the heater obtai'ned at steps 1 - 5 was inserted so as not to contact the
i nner - surface of the closed-tube-like elenent. Exanple B-5

Oxygen sensors (Sanple Nos. B42 - B43) gpeRbstitiie sqqeeﬁl a’fN&\lehﬁ’o&XVQQG
sensor el enent having protective |ayers as shown in FIGS. B6 and B7 were

obtained b 10 | PWigRa , Steps  i(sl) dd SEuEYi, 0nh el {,QQ. el enant / Baat er
A sheet co)réf){tra?sed mai ncQ of Zrgerr] arlll(?nceont al ni %g 5 me)l e %Y[err] gerr]

was f.or med iy 13 edaG & M@S’@oﬂshﬂgﬂe'ﬁlﬂ: dompound, but the Ia subgroup
component may also be dispersed and carried together with a
stoichiometric compound (for example, TiO2, Al20: and/o.r
spinel). In this case, the existence ratioc of a
nonstoichiometric compound to a staichiometri_c compound may
be not less than 3 : 2, and, more preferably, not less than
2 : 1.
Furthermore, by including a noble metal, preferably
Pt, in an amouat of noi: more than 2 mole X (more
preferably, not less thaan 0.2 mole %, and not moré than 1.5
mole % under conditions of concentrated (rich) exhaust
gases) relative to the nanstqichionetric compound, it is
possible to further éuppress variations in the initial
‘control A/F raﬁio. In this case, as the second protective
layer, a Ia subgroup component and a noble metal may be
Present in an idéntical portion or the second protective
layer may also consist of portions in which a2 noble metal
is carried (a first protecfive portion) and a portion in
Which Ia subgroup component is carried (a second protective
Portion). 1In 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 -preferaﬁly made of both
N Ronstoichiometric compounds. As for the fi;r:st.:lprotective
Portion, it is necessary that a nonstoichiometric compound

®Xists in an amount of not less than 60 %. It is also
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t hi ckness of 0.8 mm Step 2: - Usi ng a paste nmade by addi ng an

or gani c
[err] t

bi nder 5and :a solvent to Pt as the main conponent, el ectrodes 20
hick were printed on both surfaces of the sheet by the screen

printing nethod. Step 3: A pasisubstiflitelshsst -mMh®ibvemibbeldl 886an

organic
| i ke for

the main
t hi cknes

bi nder, a solvent and further a small anmount of starch or the
t he, pur seﬁgg provi ding a porous nmaterial to AI[err]Ckprr] as
Rﬁﬂ&kﬁﬁﬁg, tootR® sB2as FUPETRUP  FOTRARSRY gk t FTESEnt
s,of 30 [err] (fo na&ion of ~a por,ous

independently o the heat-r

esistant metal oxides for ﬁhe
protective layer. The term "independently” or
"independent"” indicates that the Ia.-subgroup component does
not react to the metal oxides to form compounds which are
inert to Sivconpdnents, such as MgTiO) .

A protective 1layer (a first protective layer),
which is disposed en a more inner side than the second
protective layef and directly covers the electrode and
which does not contain the Ia subgroup component, maf also
be provided. Th§ first protective layer may be made of a
heat-resistant metal oxide (spinel (MgO0 - Al:0:) aﬁd/or
alumina are particularly preferred), and may be firmly
adhered to be coated by flame spraying. Inciusion of noble
metals, for example, Pt, Rh and/or Pd within the first
Protgctive layer wil{ result in complete oxidation -and
Teduction of unburat components in the exhaus£ gas ;nd
Provision of control A/F ratio which is excellent for a
Sensor. A third protective 1layer made of, for example,
titania, alumina, spinel and the like, may also be provided
°n the outer side of the second prdtective layer.

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

£i . ] : '
“*Persmthapomsnyofmgm;(m-ao%andathiclmessofrwghlymto
q"15Wm. For the second protective layer, fine pores may
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Alferr]Jerr] layer as an el ectrode protective layer, i.e., a first
protective layer). Step 4: A paste, which was nmade by addi ng an
or gani ¢ bi nder 29 Substitute sheet - 1

Novenber 1996 and a sol vent to All err] eisibstifuth SheZRL N F‘ggﬁﬂ_gbeﬁgtwd@s
10

coated on two surfaces of a sheet having the sane conposi )
t hi ckness hage,hoferi examnle, t & orieisdiiiesefoB 30 3&r K] antt ep Shickness

of 10 - 50 um.

The surface on the side 6f the measuring electrade
of the main body of thé sensor element made of, for
example, 2zirconia solid electrolyte, may héve a structure.
having a roughness in a depth of not less than 10 ugm. This
structure prevents peeling of the pfotective layer and is
therefore excellent in durability.

As the material for the main body of the sensor
element, TiO2,. CoO semiconductors and the like may also be
used. As the
nonstoichiometric compound; lanthanum oxide may alsc be
uséd other than TiO:-x (Ti oxide). As for the heater, any
kinds, materials (for example, ceramics) and mounting
positions 'may be allowed' as long as the above-describgd
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 the electrodes and the first protective layer) were
Produced by the following sfeps~1 - 9.

steP 1l:

5 mole ¥ Y20; having a purity of 989 X was added to

2ro, haiing a purity of not less than 99 % and subjected to

wet blending. and the resultant mixture was calcined at

1300 *C for 2 hours.

Step 2:
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A-heater pattern 20 [err] thick was printed using the paste identical to

that used in step 2. * Step 6: Alferr]Jerr] was further coated in
t he sane manner as step 4 ( on the surface of the heater pattern, except
the electrode). Step 7 A sheaB Bapitiaité RResfy Naoa%b}u@g@nd

thickness as those in step 1 was cut in the formgenerally of

provi de a spacer skheiding Awateown the Fe@lcihed hmatpaied t@heepuihmsnzed
di sposed between the green sheet printed with the electrode obtained in
steps 1 - 3imntl bablgRddd dieer vet statei mgtidnt®) Xnodr fdvet Pagtikdes

heater pattern obtained in
had particle sizes of not more than 2.5 pm.

Step 3:

A vater-soluble binder was added, and spherical
granulated particles having an average particle size of 70
uB were obtained by spray dryihg.

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 m#terial
was then ground into a predetermined shape by a grinding
tool.

Step §:

| A sludge, which was 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
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.
°°’-'1'e5ponding to the detection portion had a 1length in
axial di;‘ection of 25 mm, an outer diameter of about 5 mme,
88d an inner diameter of about 3 mme. |
Step 7.

A Pt measuring electrode layer 0..9 gum thick was

de1’°8:i.1'.en:l on the outer surface of the resultant sample
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steps 4 - 6, and the entire |am nate was subjected to thernoconpression
bonding. Step:8: After resin was renoved at 400 [err]C for 24.
hours, the laminate was fired at 1500 [err]C for 4 hours. Step

At least the porous Al[err]Jerr] 14 ISubstitute steeetf- ‘rNoqumb@re&Qﬂﬁe
layer ) wad dipped in an Herr]Ptd[err] solution- containing 0.05

g/[err] Piied@dolreldtdflUer v eQ@edad INLSSPLRLiAk,5And 10esMblgikar adbout 5
mnutes to inpregnate the noble netal into the porous Al[err]Jerr] |ayer.
1000 <C.
Step 8:

Mg0 - Al:03 (spinel) powder was plasma spraye@ to
form a first protective layer which directly covers the
electrode about 100 ugm thick.

Step 9:

| A Pt reference electrode layer was formed on the
inner surfgce of the r?sultant sample piece of step 8 in
the s#me manner as step 7 resulting in a main bedy of the
sensor element.

(2) The flame-~sprayed porticn of spinel of the

-main body of. sensor element was dipped into HzPtCls’
s;lutiaﬁ containing 0.0S5 g(z Pt, and evacuated to cause a
noble metal (Pt) to be carried withiﬁ the first protective
layer. The carried amount of Pt was about 0.02 - 0.05 wtx
relative to the ietal okide_of the first proﬁect;ve layer.

| (3) The I§ . subgroup  component, such as
CaCl; - 23;0 (dissolved in pure water) and the like, were
edded to TiO:.: powder having.an average particle size of
about 0.2 gm, dried while boiling and stirring, and then
the resultant mixture was subjected to heat treatment st S50°C. In samples No. Ll
and 12, c-Al20; was alsc added. The-TiOt-u powder was

‘Sbtained by previously <treating TiO: pgrgicles under
°°n°xidizing.atmosphere at a temperature not less than 600
f;° A nonstoichiometric compound may alsoc be cbtained by

including a noble metal as much as 0.01 mole X relative to
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Step 10: 30 Substitute sheet - 1 Novenber 1996

~Using MgO . Alferr](err] (spi nel) powder, a spinel protective

| ayer (a second protective |layer) about 150 [err] thick. was forned by
fl ame spraying. Step 11: Vatisr supstitats ebeév- dhiNovember d8bnat e,
nitric salt or the like of a Ila subgroup el enents, the spinel protective

[ di | uti th f, left d d d f
Layer vas.dipped i a solution thereof, Ieft ynder g, reguced, presspre o

the titania particles 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 §5Q °C.

(4) An organic binder and butyl carbiﬁol were
added to the powder obtained at process (3} and the
resultant mixture was coated on the element gbtained. at
process (2) by a-brﬁsh and baked. The bakiﬁg was performed
under a réducing atmosphere at 500 <C.

(5) A sensor assembly was perforl;led in a knoﬁn
manner. _

Example A-2 (Table A2, Sample Nos. Al5 - A27)

{1) and (2): Identical to processes (1) and (2) in
the abovementioned Example A-~1.

(3) An organic binder and butyl carbitol were
added to TiOz2-« powdér having an average'ﬁarticle siz; o:
about 0.2 gm._and the resultant mixturé 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:s - 2H:0 was dissolved in water. The
Coated portion of the element obtained at process 3 was
dipped in the solution and evacuated. At that time, Ca
Concentration was éhanged in various vélues.. The samples
“ere 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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and then dried at 120 [err]C for 2 hours. The layer was then subjected to
heat treatnent iunder a nonoxi di zi ng atnosphere at 600 [err]C.  Step 12:

As shown in FIG B10, on the termnal side of the nmain body of the el ement
thus obtained, a pair of support nenbesSbhtRuR sMestt-cll Novdrbér $8BBaces
by glass seal. (2) Production of the oxygen sensor | denti ca

to that in Exanpley El‘“%.iga Jé(rat?in’QExin F‘.é‘g?gl;spll@ple of gr.@dtg‘etg@piﬁggps

10 and 11 of the element anp t he second protective
| ayer above. : .
(b) Production of the heater etc.

(1) A sheet comprised mainly of Al:0: was formed
into a thickness of 0.8 mm by the doctor blade method.

(2) Using a2 paste made by adding an 6rganic binder
and a solvent to.w as the main component, a conductive
pattern was printed by the screen printing method.

(3) Using a paste made by adding an erganic binder
and a solvent to Al0: as the main component, an additional
coating 30 pgm thick. was further provided.

(4) The sheet obtained at process (3) was wound
around an insulating tubé having an outer diameter of 2 mm
and comprised mainly of Al20s , resin was removed at 400 °*C
for 24 hours, and the fesultant tube was fired at 1550 °C
for 2 hours. ‘

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

- (6) When a#sembling the element, fhe 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 %
Y20, was formed by the doctor blade method into s thickness
°f 0.8 mm. | |
| (2) Using a paste made b§ adding an organic binder

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

This is the replacement sheet
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was fornmed in the follow ng manner. That is, water was added to a
chloride, carbonate or nitrate of a Ila subgroup elements, AI[err&é{err]
powder having an average particle size of 0.5 [err] or Ti(Jerr] powder
having an average particle size of 018 $ebsttuteshesked Navembge 1885l t ant
m xture was coated on . the porous Al[err]Jerr] layer (the first protective

| ayer) by ﬁgafggfggiéﬁgﬂﬁslﬂceg{lowssdtund@&rhegaoxwi 0 ghuetrigye gt a
screen printing method.

{3) A paste, which was made by adding an orgagi;
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 Al:03, was coated so as to coat the
electrodes in a thickness of 30 gm.

{4) A paste, which was made-by adding an organic
binder and a solvent to Al:0s, was coated on two surfaces
of a sheet identical t; that in process 1 to a thickness of
30 um. |

(5) A heater pattern 20 gm thick was printed using

_a . paste identical to that used in procéss {2).

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

(7) A sheet identical to that in process (1).;33
cut in the.féri generally of U, and the spacer sheet-was
interposed between the sheet printed with the electrode
obtained at processes (l1)-~- (3) and the sheet incorporating
the heater pattern obtained in processes k4) - (6), and the
eatire - lamination was subjected to thermocompression
bonding.

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

(8) The protective layer carrying titania and.the
i; subgroup componeht was formed. As for the second

~ Protective layer, Sample No. A37 is identical to Sample No.

This is the replacement sheet
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31 Substitute sheet - 1 Novenber 1996 tenperature not nore than 600
[err] C “In the sanme manner as in Exanple B-5 for other steps,
oxygen sensor (Sanple Nos. B44 - B46) conprising plate-like oxygen sensor

el.ements having protective |ayers as $§oQubstitdteGhaeBt RNbVBIDE E996

obtai ned. Exanple B-7 TiJerr] sem conductor-type oxygen sensors
(Sanmple Nos. B47 - B50) were obtained by the follow ng steps. (1) .
Production of the elenment Step 1: 90 wt % Al[err]Jerr] having a

purity ofadnotid eg€xampie 9A-%, and Sample Nos. A3I8 and A39 are
identical to Sample Nos. Al7 and AlS in Example aA-2,
respectively.
Example A-3 (Table A4, Sample Nos. A40 - A53, AS0 and A61)
(1) Identical to that in process 1 (steps 1 - §)
in Example A-1 described above.

. For 'Sample Nos. A45- A48, the noble metal was
impregnated into the first protective layer in the same way
as in process 2 in E;anple A-]l described above.

(2) TiO: powder (Raving an average particle size
of 0.3 um) was dipped in H:PtCls sclution containing 0.05
g€/% -1 g/ Pt and/or RhCl: - xH:O solution containing 0.05

AT Rh, and left under a reduced pressure of 50 - 100 mmBg for

about 5 minutes to imfregnate Pt or Rh so as to be
contained in an amount corresponding te 1 mole % relative
te TiO: . The resultanﬁ powder was then dried; subjected to
heat treatment in air at 600"'(:. and & paste was prcvideé.
by further adding an organic binder and a solvent.

{(3) The paste.was coated on the first protective
layer, and dried at 120 *C (the first protective layer pormion 20
am thick). |

(4) Titania powder was dipped in a solutien of,
Such as CaCl: -+ 2H:0 and the like, and the dried while
Boiling. A'paste was then provided by adding & water-
Soluble binder and watef. The anounﬁ of the Ia subgroup
Somponent was 20 wtX relative to TiO: based on the Ia

Subgroyp metal.
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and 3, 2 and 5 % of MJO, CaO and Sigerr],. respectively, were mxed, an
organi ¢ bi nder ‘and & sol vent were added, and a green sheet 0.8 mmthick

was provided by a doctor blade nethod. Step 2: El ect rode and
heater patterns (30 [err] thick) shownjgigldtleutdiRed € ¢ NSVARBePNi0%eed ON
a surface of the green sheet using a Pt paste. Step 3: A green

sheet. 250 [err] thick was obtained in the sane nmapner as in step 1, an
openi ng was pr ovi'ded cBPFesﬁﬁﬁlﬁ? n¥as ocPAteEnPhoFRrofd FSt PEREFSEY ®and

t he sheets wer e Ia n
layer, an

ﬂtgg at 600 °C (the second protective layer portion
um thick).

(6) A third protective layver wa# properly formed
on the second protective layer (consisting of the first and
second pfotective portions). Furthermore, samples of
various kinds of multilayer structure were prepared as
shown in Table A4.

(7) The sensor assembly was performed in a known
manner. |
Example A-§ (Table A4, Sample Nos. ASS - A59)

(1) Identicai'té that in processes (1) - (8) in
'Example A-4 described above. For Sample Nos. A58 and A3S9,
however, a noble metal was included within the protective
layer comprised of Al:0s in the same way as in Example A-2.

(2) A paste identical to that used in pré;esé ia)
_in Example A-5 was coated, and baked in air at 600 'C'td
form the first protective portion (20 gzm thick).

(3) A paste idenfical to that used in process (5) in
Example A-5 was coated, and.baked in air at 600 *C to form
the second protective portion (20 gm 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 berformeq in a.known
manner.

The present invention is not  limited to the

abovedescribed examples, but may also be applied to various
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shown in FIG Bl12. Step 4: - After renoving resin, the |am nate was
fired at 1500 :C for 2 hours. 32

Substitute sheet - 1 Novenber 1996 Step 5: TidJerr] having a
purity of 99.9 %was dipped in Hergdsdteliesheetsoll Novembet 1936

arranged so that Pt became 1 nole %relative to Tierr]), and dried while

b0|||ng'types of oxygen sensors for A/F ratio control, for example,
a full-range sensor for A/F ratio control also provided
with a puhp and the like {see FIG. A7), and to a sensor
utilizing a metal-oxide semiconductor, such as TiOz, CoO
and the like (see FIG. A8). In the case with a
semiconductor-type sensor, a noble metal may, for example,
be.includéd within ; metal oxide which is a semiconductor,.
a flame-sprayed layer of spinel and the like may be
provided, and a second protective layer ceontaining a Ia
subgroup component may be provided.

FIGS. Al - AS8 éﬁow oxygen s_ensor_s' according the
présent invention. In these figures.' there a?e shown =a
main body of a sensor element 1, a reference electrode 2, a
measuring electrode 3, a first protec.tive} layer 4, a second
protective layer 8, a heat-resistant metal oxide
(particularly a nonstoichiometric compound) 5b, 5. .Ia
subgroup component S5a, and a heater 6. |
Tests

The fbllowing tests were perforﬁéd for each of the
samples. | |

| 1. The initial control A/F of the sensor was
measured in a real vehicle. As for the measuring metheod,
-ﬂlesenscrwasnmmtedtoamifoid, and the engine was controlled by
the sensor when the running condition was fixed at éo
km/hr x 8 PS, and the A/F ratio .lin the exhaust-_g.as was

measured by an A/F-ratic meter.

2. The senser was mounted to an exhaust pipe

‘This is the replacement sheet
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Step 6: After being dried at 200 [err]C for 24 hours, the

materi al obtained at step 5 was subjected to heat treatnent under a
nonoxi di zi ng at nosphere at 1000 [err]Cwithin a Pt crucible. Step 7:

Pt bl ack powder was added so as to be 21 rguustitufd shigat al iNevdrobdi OPe6r ],
and an organi c binder and a solvent were added to provide a paste. Step

8: The paste obtained at steps 5 - 7 was injected into the:
opening portion of the | am nated body obtai ned at steps .
(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 in.jecr.ir.xg.
silicone cil from the manifold porticn at a rate of 5 cec/30
min for 1 hour (in total 10 cc)(Si test]. The atmosphere
vas at near an excess air factor A 3 1.

_ 3.. The neasuren;ent in test 1 was performed to
obtaiz & change in A/F (AA/T) between the initial stage aand
after the durability test. As the seasor’'s respoase
property, the sensor output was monitored b;’ & high-speed
response recorder (see; fer exa.nxaie, FIG. Al0). As sbown
ina FIG. Ali. by drawing rectified gradient curves of the
‘actually plotted curves with viriatiahs, tf.une intervals -
" between 300 aV and €00 mV (T.rx and Tay ) were nea.sured..a.fte:
the Si test.

4. For Sample Nos. A28 - A3S, a cg_rrent was passed’
through the heater (except Sample No. A35) at the engine
’"Olutio_n.s of 1000 zrpm and 3000 rpm while injecting
Silicone o¢il, and the control state of the sensor was
observed. |

S. In the engine of a real vehiéle a heat cycle
test between gSO g (30.-ninutes) <> idling (30 minutes) was
Performed for 1000 hours at excess air factar PO
'-'_“ the ccntroi A/F wvas measured. |

The results of these tests a.re. show; in Tables Al -
A4 and F16s. Al2 and A1l3.

As is apparent from Tables Al - A4, in the
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1- 4 to provi dé a layer 200 [err] thick, which was subjected to heat
treatment under a reducing atnosphere at 800 [err]C. Step 9:
After Alferr](err] and MJO were lam nated to a thickness of 50 [err] by

pl asma spraying, the resultant |am nate2viihstlifPsiKedtn & Nd\ethben1996
containing a Ila subgroup conponent to inpregnate it under a pressure of

50 - 100 mmHg (sanple Nos. B47 and B48). Alternatively, a slurry
made of FNuParadivae exanpkescuhithTiagferofitaidal [off (i erapgand fa the
subgroup conponent was coated (30 [err] thick)(Sanple Nos. B49 and B50).
) present invention, variations in the A/F ratio are large
(AA/F 2 0.0B) and fall response property also becomes slow
(Tre 2 120 msec) at Si tests. Furthermore, alsoc in the
heat cycle tests, variations in the A/F ratio are large
(AA/F = 0.04).
On the other bhand, in - each of samples in the
Examples, vafiaticns in the A/F ratiO'.gre significantly
suppressed {AA/F s 0.04), and the respon;e property is also
maintained at a high level (Te. s 90 msec). Furthermore,
in the heat cycle tests, variations in the A/F ratio are
suﬁﬁressed (AA/F ¢ 0.02).
: From the results shown in Table A3, in the case of
a low.révolution (low ﬁemperature)'of 1000 rpm and 300 °<C,
AA/F-becones la:ge when the heater does not exist (Sample
No. A35). This is‘considereq to be caused by _. the
adsorption effect by .the Ia subgrou§ component is wéakéned
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 sigﬁificantly suppressed even.after the Si
tests at such & low temperature (aA/F s 0.05).
It was also confirmed that, when the Ia subgroup
Somponent and the noble metal are provided in separate
P?°tective portions in the second protective layer, the
initial A/F value has a tendency of rich control.

E"‘"'ll’les (B-1 to B-7)
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33 Substitute sheet - 1 Novenber 1996 - (2) Production of the
oxygen sensor ° - ldentical to that in Exanple B-1. The
following tests were performed on Exanples B-1 - B-7.

23 Substitute sheet - 1 November 1996

In FIGS. Bl =~ 3}3. there are shown an oxygean sensor
A, an axfgen sensor element B, a pumping element C having a
pair of electrodes, an oxygen-iocn conductar l, a reference
electrode 2, a measuring electrode 3, a first protective
layer 4, a second protective layer 3, a Ia .subgtcup
component Sb, a heater 6, suppert members 7 of the element,

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

Example B-1

Oxygen sensors (Sample Nes. Bl - Bl0Q) comprising
closed-tube-like oxygea sensor elements having ?botective
layers as shown in FIGS. Bl and B2 were obtained by the
féllowing steps.

(1) Production of the element
Step 1:

§ mole X Y:0: haéing a purity of 8¢ % was féded
to ZrO: haviang a purity of not less than 89 %, mixed, and
.the resultant mixture was calcined at 1300 *C for 2 hours.
Step 2: |

Adding water, the calcined material was pulverized
in a ball mill in a wet Staté.until 80 % of the particles
reached particle sizes oflnot mérg than 2.5 um.

Step 3:
| A water-soluble binder was added, aad spherical
"éranula:ed particles having an average particie sizg of 70
um were obtained by spray drying.

Step 45
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(1) The initial control A/F of the sensor..was neasured in a real
vehicle. As for the:neasuring nethod, the sensor was nounted to a

mani fol d, and the engi ne was controlled by the sensor when t he
running condition was fixed at 80 km Bg, SubsBitii® st -t hdoVembert 1896n t he
exhaust gas was neasured by an A/F-ratio neter. (2) The sensor was

nmounted to an exhaust pipe (about 1 mdownstreamfromthe manifold), and
the engine was driven at 3000 rpmwhile further injecting silicone oil
fromthe manifold portion at a rate of 5 ¢cc/30 mn for 1 hour (in total
10 cc). The atnosphere was nearly at an excess air factor [err] 1. The
engi ne was driven at 3000 rpm " -

The particles obtained at step 3 were formed intoc a
desired tube-lik;_ shape (the shape of a test tube) by
rubber pressing and dried.-. The formed material was the:;x
ground into a predetermined shape by a2 grinding tool.

Step §5:
| -A sludge, whicﬁ is made by adding a water-soluble
binder, celiulose sedium glycclate and a solvent to the

granulated particles obtained in step 3, was applied on the
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and 1000 rpmfor testing on Nos. B35 - B4l and conparative Exanmpl es BV

and BU, respectively. (3) The nmeasurenent in test 1 was perforned to
obtain a _ 34 Substjtute sheet - 1 Novenber
1996 change in A/F ([err] A'F) bebyeglbktifutedHeetl 1SNagened rdIET

the durability test. As the sensor's response property,
outer surlface ot the samplLe plece obTalned 10 sCep 4.

Step 6:

After being dried, the sample obtained in step §
was fired at 1500 «C for 2 hours. The partion
corresponding to the detection porticn had a length .in
axial direction of 25 ﬁm. an outer diameter of about 5§ mme,
and an inner diame:er of about 3 mme.

Step T7:

A Pt measuring electrode layer 0.9 pgm thick was
deposited an the outer surface of the resultant sample
piece of stép's by electroless plating, and then fired at
1000 -C.

.Step 8: | -

MgO « Al: Qs (spinel) powder was plasma spraygd to
form an electrode protective layer (a first prcteétive
layer) about 150 gm thick. For Sample Nos. B§ - B10, B1S -
Bl18 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 fiﬁst protective layer was dipped into
H: PtCls solution containing 0.05 g/ Pt, and left under a

~reduced pressure of_SO - 100 mmHg for about é minutes to
-impfegnate 4 noble metal into the first pratective'lsyer-

Step 11:

Th&iétheredasementsheet
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t he sensor output was nonitored by a high-speed response recorder (see,
for exanple, FIG B14). As shown in FIG All, by drawing rectified

gradi ent curves of the actually plotted curves, tine intervals between 300
mv and 600 mv (T[err] and T[err]) wess Sebstitute shest) 1 Novamber Jrag6|
state of sensors hawnlgo gters was oObserved in the _sane manner.

Heaters were side o Sanhopataore RitFALR Afp acla subgroype
results ar shomm in TabIeS- It shoul d be noted that
nodi fi cat T oRPHRY b‘é"ﬁorf’e°‘5%1€eo°’bn the Jdftht PARFERtSY her@ %P R O3 022
Wi thout  departing from LPS.2590% NS rPY WS 2l d8ing atmosphere at
a temperature not more than 600 *C to form a second
protective layer (58§ - 30 pm thick) resulting in a sensor
element. |
(2) Produ;tion 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 into a housing 8, ;
:;ng 9 for calking and a f;ller iO, 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 il was disposed covering the
distal end portion of the element B, and the distal end éf
the housing 8 and the reaf end of the protective tube 11
were welded together.
Sﬁep 4:
An outer metal | tube was covered to obteain an -oxygen

sensor.

Example B~2
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26 Substitute sheet - 1 November 1996
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, Ala0O: powder having an average particle size of
0.5 gm or TiO:z powder having an average particle size of
0.3 gm was mixed, and the resultant mixture was coated on
the first 'proteétiVe layer by an ;tomizer and processed
under a nonoxydizing atmosphere at a temperature not more
than 600 *C. Otherwise in the same manner as Example B-1,
6xygen sensors (Sample Nos. Bll - B28) comprising the
oxygen sensor elements of a closed tube-like shape and the
protective layer(s) were obtained, as shown in FIGS. Bl add
B3.

Example B-3

In place of step 11 of the oxygen sensor element in
Example B-1l, 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
protective layer was dipped in the solution, left under a
reduced pressure of 50 - 100 mmHg for about § 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 okygen sensor elements having prdteqtive
i;yers as shown in FIGS. Bl and B4 were obtained.

Example B-4
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27 Substitute sheet - 1 November 1996
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 sheet comprised ﬁainly of Al20: was formed into a
thickness of 0.8 mm by the doctor blade method.
Step.2:
Usiﬁg a paste made by addi#g an organic binder and
a solvent to W as the main component, a conductive pattern
was printed by.the screen prinﬁing method.
Step 3:
' Using a paste made by adding an organic binder and
a solveﬁt to Al203; as the main component, a coating 30 am
thick was further provided. | |
Step 4: |
| The sheet obtained at step 3 was wound around an
insulating tube having an outer diameter of 2 'nﬁ and
‘comprised maiﬁly of Al;0:, 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 térninal portions
fto provide a heater. |

Step 6:
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[err] : o 37 Substitute sheet -

1 Novenber 1996 : TABLE A3
Sanpl e [err]AIF
El ement Exi stence of heater §ﬁb

28 stitute shéet - 1 November 1996
3000 rP 1000 rpnferr] NoA3 Yes
0.02 . 0. 03¥hen assembling the element, the heater obtained at

steps 1 - § was inserted so as not to contact-the inner
surface of the closed-tube-like element. |
Example B-3

Oxygen sensors (Sample Nos} B42 - B43) comprising a
plate~like oxygen sensor element having protective layers
as shown in FIGS. B6 and B7 were obtained by the following
steps. |
(1) .Prcdpction of the element/heater

A sheet comprised mainly of ZrO: and containing §
mole X Y;0: was formed by a doctor blade method intec a
thickness of 0.8 mm.

Spep 2:

Using a paste made by adding an organic binder and
a solvent to Pt as the main eoﬁponent, electrodes 20 gm
thick were printed on both surfaces of the sheet by the
screen prinﬁing ne:hod.

Step 3:

A paste, which was made by adding an organic
binder, a solvent and further a small amount of starch or
‘the like for the purpese of providing a porous material to
Al20: as the main component, was coated so as to cover the
electrodes to a thiekness'of 30 um (formation of a porous
Alz O layer as an electrode protective layer, i.e., a first
protective layer)e
§tep 4:

A paste, which was made by adding an organic binder
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err] 29 [err]8 Yes - . 0.01 ' 0.02

[

[err] 30 Terr]'12 Yes 0.01

0.02 [err] 31 [err] 15 Yes

0.03 0.05 : [err]32 29 Subkfifutblsheet - 1 November199‘§S
0.02 0.04 [err]3 [err] 18

0.01 and & .¥lvent to h&&@ﬁyhs the[@8hih2éomponent, wagbéoated on
0.02 0. 03 [err] 35 [err] 17 No

0.03. two Subfaces of [£rsh¥et havingelthe2 same composition€and

0. 09 0.13 [err].37 (No.[err]3)[err] Yes
0.02 thickkhdss as thosperin 3tep [(Neo[ ar thlidknwdd of 30 gm. Yes
0.01 ‘0. 02 [err] 39 (No.[err]18)[err] . Yes
0.01 Step 302 * Qutside of the inventive range (Sanple No. [err]35
i

s outside of clainms defining
A heater pattern 20 pum thick was printed using the

paste idenﬁical to that used in step 2.
Step 6:

Al203 was further coated in the same manner as step
4 { on the surface of the heater pattern, except the electrode).
Step 7:

A sheet having the same §omposition and thickness

~as’ those in step_i was cut in the form generally of U to
provide a spacer sheet. As shown in FIG. B9, the spacer
sheet w#s disposed between the green sheet printed with the
electrode obtained in steps 1 - 3 and the green sheet for a
facing member incorporating the,heatef pattern obtained in
steps 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's;

At. least the porous Al.O0; layer (the first
protective layer ) wad dipped in an H:PtCls solution
qontaining 0.05 g/2 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.
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beater). 1) The sensor tenperatures are about 400 [err]C (No current
t hrough the beater) *and about 550[err]C (current fed through the heater)
at engine revolution of 3000 rpm The sensor tenperatures are about 300

[err]C (No current through theheater) d J 971 t d

t hrough t R&emed@er) at engi ne revol uti%ﬁ §g9€@‘3‘6égg&["‘ezf @8&8@%%9%5.
[err]37 - [err]39. the main body and first protective |ayer of the el enent
were forned by pr&8ds@s (M80-+(8l:0m Exdspliaedleyr] pavdemen the stbiel
protective layers identical to those of elenment nunmbers shown w thin

par ent hes@3 oLty e AR%L Tl & BOSPRE protective layemb shputi thadk wheet -

! hbvenbe%h%%%@ [%&g]formed by flame spraying.

Step 11:

. Water was added to chloride, carbonate, Ditric sale oz
the like of a ITa subgroup elements, the spinel protective
layer was dipped in -a solution thereof, left under a
reduced pressure cf S0 - 1‘OO mmHg for about § 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.

Stép 12:

As shown in FIG. Bl0, cn the terminal side of the
main body of the element thus obtained, a pair of support
members 7 were mounted on both surfaces by glass seal.

(2) - Production of the oxygen sensor

Idgntical to that in Example B-1.°
Example B-§

In place of production steps 10 and 11 of the
element/heater in Example B-5, the second protective layer
was fo;ned'in the following manner. That is, water was
added to a chloride, carbonate or nitrate of a Ia subgroﬁp

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

0.5 pm or Tioz powder having an average particle size of

0.3 gm was mixed, and the resultant mixture was coated on
the porous Al20; layer (the first protective layer) by an

atomizer and procégsed under a nonoxidizing atmosphere at a

This is the replacement sheet
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TABLE B1 ' -First protective | ayer Second
protective [err]/F ratio difference Response property Sanple

| ayer between the initial aftes igpstit@@csheet N Novéhhigér 1900 e
(I'la subgroup stage and after oxi de netal

conponent) durability test Ri se - Fal | Bl Spi ne
CAC( err]temperature not mogeQthan 600 °C. 30 50 B2

CaCl [err] - 2Herr]O : 0.03 30 60 B3
t ' In the same manner a@oq.n Example B- 5 z]ﬁpr otheryQ
B4 CaCJerr]. g%

30 staps, BBYSen sensorpy [ mml% & [ eBAE. 2H @ﬁﬁ])o comprlsmz
0.02 40 60 B6 t Rh* * 5%

0.02 plate-like gxygen segpor elements having protective layers

as shown in FIGS. Bﬁ and B8 were obtained.
Example B-7

TiO: semiconductor-type oxygen sensong {Sample Nos.
'B47 - B50) were obtained by the following steps.
ﬂl) Produétion of the element
St;p 1:

90 wt% Al.Os having a purity of not less than 99 %
an& 3, 2 and 5 wt¥ of MgO, Cao_and §i0., respecti?ely, were
mixed, an orgénic binder and a solvent were Edded, and a
green sheet 0.8 mm thick was provi&ed by a doctor blade
method. |
Step 2:

Electrode and heater patterns (30 um thick)-shown
in FIG. Bll were screen printed on a surface of the green
sheet'uéing a Pt paste.

Step 3:

A green sheet 250 gm thick was obtained in the same
manner as in step 1, an opening was provided corresponding
to the end portions of electrod&é' 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.

This is the replacement sheet
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B7 t Rh 1%)Ca(hKIerr])[err] . 0. 02

30 50 t Rh 7% 0.03

50 60 B9 t Pt 3% CaO 0. 09
90 160 B10 t o 3% Cﬁjétﬂfs'h}ute sheet - 1 November 19963

30 60 *Bl - - CaCI[err] baki ng . 0.03
30 s gos_ *Bl 1  Spi nel 0.12
150 55 ) *in Herr]Ptd[err] inF%G[eH]* m{ewlo 1)

gﬁrgL?IP?y ngfgo?gyclegﬁré§§$|tythég%iggtmgggtgg brg?r?%s é?g%?;néngoo
[err]C or a?@&&l dplu@% A Rkt Wis Icg hep{t?l £Ha Of f’t becamﬁ ay\hﬁgle

[err]C{erri IS use e nmet al ox rst protective by

the same gradyaliiQn p{&C’??éz §3 'a'?xdEW& tthet BN fh‘i:r S€s a probl em

in heat cycle durability tests due to a difference in thernal expansi on
fromZrJ ggep @%ygen-ion conductor.

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

~Step T:

Pt black powder was added so as to be § mole % Pt

relative to TiOz, and an organic binder and a solvent were
- added to provide a paste.
Step 8:

The p#ste obtained at steps 5 - 7 was injected into
the opening portion of the laminated body obtained at séeps
1 - 4 to provide a layer 200 gm thick, which was subjected
to heat treatment undef a reducing atmosphere at 800 <C.
Step: 9:

After Al20; and Mg0 were laminated to a thickness
of 50 gm by plasma spraying, the resultant laminate was
dipped in a solution containing a Ia subgroup component to
imprégnate it under a pressure of §0 - 100 mmHg (sample
Nos. B47 and B48).

B Alternatively, a slurry made of a metal oxide
comprised of TiO2 or AizO: and a Ia subgroup component was

coated (30 pgm thick)(Sample Nos. B49 and B50).
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TABLE B2 ' - First protectiv Second Protective |ayer
Diference [err]/F Response | ayer l1Ta
subgr oup Initial ratio between 3PiRPsfitite sheebaMNovember 1996
Met al conponent D control initial stage after test
No. Nobl e oxi de netal oxide Conposi tion
and after (asec)
(Herr]) 1ilty test Rise Fall Bll Spi nel [err]
Alferr]Jerr] CaCJ err] 15 2.12 0. 02 30
60 B12 t CaCl[err] . 2Herr]O t 2. 05
0.02 30 50 B13 _ t MyCJ err]
t 2. 17 0.02 30 50 B14 t -
CaC( err] t 2.20 0. 02 30 60 B15
t Pt 3% (2)  Predugfiepof ths, pxyges semsor , 17 0. 03 ..
40 60 B16 ' . %, t t t 2.13
0.02 40 70 ldengeal to Blat%ia Exagple,B-1. Ca(NO err])[err]
t 2.10 . 0.03 - 40 60 _ '

Tes s

The following tests were performed on Examples B-1
- B=-T7.
(1) The initial control A/F of the sensor was measured
in a real vehicle. As for the measuring method, the sensor

- vas mounted to a manifold, and the engine was controlled by the sensor
wheﬁ the runﬁing 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-ratic meter.
(2} The sensor was mounted to an exhaust pipe.(about
1 m downstrean from. the manifold), and the engine was
driven at 3000 rpm whiie further injecting silicone oil
from the manifold portion at a rate of 5§ ¢c/30 min for 1
hour (in total 10 cc). The atmosphere was nearly at an
excess air factor A5 1. The engine was driven at 3000 rpm
and 1000 rpm for testing on Nos. B35 - B4l and comparative
Examples BV and BW, respectively.

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

This is the replacement sheet
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B18 t Rh 7% t : t . - 2.03 0.03

70 ' B19 : Pt 3% 2.19

0. 08 80 140 B20 ' Pt 3% t Cadl [err]
.2Herr] O 2.15 0.03 34 SuhStitute@hdet - BRbvember 1996 Pt
1% t t 30 2.01 0.02. 80 80 B22

50 1.83 0.01 90 100 B23
MyCd err] 20  2.16 0. 02 50 70 - B24
St t - t 40  1.91 0.01 70 80

B25 t t t MO - 15 2.13 0. 08
100 180 B26 t t t CaCL[err] .2Herr]0 2

2.22 change Gr7A/F (AA/IBQ betWeenB2the initial stage and aftér

10 2.18 0.02 40 60 B28

Spi nel [ er the durability teZH}.. Rs2%the sendbri3s responéO priﬁerty,
Conparison Bl t t Aferr]O 2.26
0.12 thel3®ensd80outpuB?29%as monitordd by a hzgh-spee(ﬁa&#mn#e

. 2Herr]O 0.5 2.23 0.07 70 90 -
B30 recerder (see, for example, FIG. B1%0 - &s 08hown in QOFDQG.

80 B31 t 20 1.73

0. 02 AllgQoby 7@:‘3%11332 rect:.f:.ed gpad:.eptt 1oprves. of the (agrertly| err]
0.2 2.19 0. 09 80 | 00 B33 t t -

5 plopted curveso Gg.me "ntQSUai?O between 300 mV andt 600 mVv

1. 94’1‘ d Conparison BIV
2.27 (Tyr 1820 }'}"I)hé"frﬁ)lﬂ'ﬁ‘%‘frfﬂe IIa subgroup conponent is the anount
relative Eg)t he r‘re{.he choln réfl [secr rJ sensors having heaters was-

observed in the same manner. Heaters were set at ‘a
temperature not less than 400 <C.

' The results are shown in Tables Bl - BS.

It should be noted that modification may be done
based on the concept and gist herein disclesed without

departing from the scope hereinbelow claimed.
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t he anount
| ess than 900[err]C).

B34.

B29 -
2) Sanple No. B18 produced cracs in the first

Sanpl e Nos.

For.

T10[err]) of the second protective |ayer and.coverted into the |la Subgroup
first protective |ayer.

protective |ayer at other engi ne durabgsi Eybiesiks ste¥tl 4 NeaRiddritodast

bet ween not nore than 200 [err] C and not

el erent (Ca. M)’
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0.13
0. 09

0. 06
0. 09
0. 03

0. 05
whereas rises by

t
No
[ er r] C3srsLRRRLE shéetl 01 NOKEMbeMewsé 1000

Wi th nonenergi zed heater.

Sanpl e No. B23

respectively,

Sanmpl e No. B32
100[err]C or a little

Conpari son BV *Conparison Bl

Conpari son BVI
*The sensor tenperature is 400

rpm

B41

nore when energi zed. Responsive property of

o ™
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B46 t - t CcacOerr] . 15 2.68 0. 06

40 80 + 1) The anmount of the Ila subgroup conponent is relative to
the netal oxide (spine - 1. Alferr]Jerr]. T10[err]) of the second
protective |ayer and converted into t fHRer<Héet - 1 Novehiigint996a.

M) . "$1 Sus ' 42 Substitute sheet - 1
Novenber 1996 TABLE B5

TABLE AS3

Sasple AA/F
Elesent | Existence of heater

Na | | 3000 rpa® | 1000 rpa®
A28 No.A3 Yes 0.02 0.03
A29 A8 Yes - 0.0L . 0.02

~ A30 A12 Yes 0.01 0.02
e |oms Yes 0.03 0.05
A32 AlLT Yes 0.02 0.04
A33 Al8 Yes : 0.01 0.02
A4 | 27 Yes 0.02 0.03
A3S ALT No 0.03 0.09

* A38 422 Yes 0.09 0.13
A37 (N 43)2 - Yes . 0.02 0.03
A38 (No.417)2 . Yes : 0.01 0.02
A39 (No.A18)2 Yes 0.01 0.02

* (Qutside of the inventive ranze' (Saspie No. A35 {s outside of claims deﬁ_nin:
heater). '
1) The sensor tesperatures are about 400 T (No current through the heater) and
about 550°C (current fed through the heater) at engine revolution of 3000 rps.
The sensor tesperatures are about 300 C (No current through theheater) and
about 400 T (current fed through the heater) at engine revolution of 1000 rpa.
2) For Sample Nos. A37 - A39. the sain body and first protective layer of the
elesent vere formed by procsses (1) - (8) in Example A-4. then the second
protective layers identical to those of element nusmbers shown wtthi'n parentheses

fn the table vere formed.
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control
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10 2.

4
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2) T1O0[err] sem conductor also serves as the first protective |ayer.

CLAI MVE: 1. An oxygen sensor for detecting oxygen concentration within an
exhaust gas conprising a sensor elenment (1), the sensor el enent havi ng a
protective layer which is nmade of heatzg eRimdtitite S5BE&H - 1 Noverfibef 39096and
whi ch carries a conponent (5a) consisting of a Ila subgroup elenent
in the international periodic tabl LEt #8&ed hereinafter a "lla
subgroup conponent) on the side exposed to the exhaust gas of the sensor
el enent (1), at |east a part of said protective |ayer being present as a
First protectivd
layer jSecond protectle A/F ratio difference | Response property
Sample layer betveen the initial | after test (asec)
No. |Metal |Noble | (lfa subgroup stage and after
oxide |wmetal cosponent) durability test Rise Fall
Bl |Spinel| — |CaCOs 0.02 - 30 50
B2 t | — |CaClz -2H;0 0.03 .80 80
B3 t | — |MglOs 0.4 4 70
B4 t | — |[CaCOs <MgCOs 0.02 30 80
BS t | Pt* X |CaCl; 280 0.02 4 . 80
B | t |ms 1 0.02 0 10
B | t |m S|{cad®d, | 0.2 0 | 8
B8? t |ph % t 0.03 50 60
B9 | t [Pt |ca0 0.08 o | 160
B10 t [Pt 3%)CaCl © 0,08 30 80
*BI| — — |CaCl; Dbaking 0.032 30 5 .
*BE |Sptnet | — | — - 012 150 | 230
= in HPtCl
ss in RhCl; «xie0

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

2) A part of CaCl; peeled off. _

When A2:0s is used as the metal oxide of the first protective laver

by the same production process as in Exasple B-1. there arises a
probles in heat cycle durability tests due to a difference in thersal
expansion fros Zr0» oxygen—ion conductor.

This is the replacement sheet
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nonst oi chi ometric conmpound with respect to the heat - r esi st ant met al

oxi de. 2. An‘oxygen sensor for detecting oxygen concentration in an
exhaust gas according to claiml| further conprising a heater (6) for
heating the sensor element (1). 3. A sQ¥¥@RAe shBBEO" ReGemiberd 996
Claim 1 or 2 wherein the protective layer also includes a noble
metal at least in a part t her eof TABLEAB2xygen sensor according to
claim3 in which the protective | ayer which is made of a heat-resistant
metal oxifIE CATTTES Frdk Tpforectives USkdbid iHoteelNP IR TAN0 g DifTevehice WF | Resbonse NE
si de” expoped to the ex ausft—ge=s tdre—sermrson el enent, and al part of
the protegti \éap layer i ch spi 08 FUMFRP ot Jilaftial] Tatip penyees, rjoperty
di spo_sed _ Wer |t 3?%3 e%@ lbale (3) comtonent @ p3 rcbngml' inheal pagec Cafitarcresaly er
RN Rl bl T ey = TR
(vt | (Hz) purability test | Rise | Fall
BLL Spinel¥y — |Af20s |Calls 15 | 2.2 0.02 30| 60
B12 t — t CaCl; -28,0j ¢} 2.05 0.02 3| S0
B13 t [ — | t |MC0s ¢ 2.17 | 0.02 30| 50
Bl t | — | t .[CaChs -Mgfla|t | 2.20" 0.02 30| &0
BI1S t [Py t jcaClh 20|t | 2.7 0.03 40| s
B18 t Ims t t |t |21 0.03 w| 10
BI7 .t [m1g t [cawos [t | 2.10 0.03 40| 80
B13.2 ot |mmy ¢ t |t | 2.0 0.03 sa| 70
B19 t |pesd t jcad t | 218 0.08 80| 1401,
B2 t |Peag t [caCl -2mo0{t | 2.5 0.03 0] &
- B t Pt t 30 2.0L |. 0.02 80| 80
B22 t t ¢ 50 1.8 6.01 90| 100
B23 1 t |Ti0z | 4gC0s 2 | 2.18 0.02 50| 710
BU t t| ¢ t le | L9 0.01 70| 80
B25 t t t ¥g0 15 2.13 0.08 - | 100| 180
B2s ] t t CaCl; - 28,0 2 2.2 0.07 1 s} 70
827 t ty ¢ 10 | 2.18 0.02 T4 80
B2 t t | Spinel 10 2.%5 0.03 50( 70
Comparison BII t t | Al20Cs -_— -1 2.28 0.12 150 ) 230
B2S ] -_ - |0aCly 20| 0.5| 2.28 0.07 T 9
B30 t — — t 10 2.08 0.04 50| 80
B3l t -— — t 2 1.73 0.02 0 70
B32 t Pt1f — |g(W: 0.2 2.18 0.08 80| 100
B33 t t — t ] 2.12 0.05 60| T0
B34 t t| — t 15 | 1.4 0.04 T0| 90
Comparison BIV t t|] — — | = 0.15 iT0} 280 |

1) The amount of the la subgroup cowpoment.is the amoumt relative to the metal oxide (A2:0s.
T102) of the second protective laver and comverted {mo the Iz Subgroup element (Ca. Mg): For
Samaple Nos. B2 - B34. the amount s relativeto the flrst protective laver.

2) Sample No. BlS produced cracs in the [irst protective laver at other engine durability tests .
(cycle durabflity test betveen not sore than 200 T and not less tham 300T).
3) Spinel: Mg0- M:&

A

S
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wherein the nonstoichionmetric conpound is ti t ani um oxi de whi ch formns

said protective layér in which the |la subgroup conponent I s di spersed
and carried by particles of the titani um oxide. 6. An oxygen sensor
according to one of the preceding claifis. gyp Wu?é%h@e{ hq ﬁg{,gnmqwg%jsthe
sensor elenment is made of a Zr2 sol |§ ?ectro An
oxygen sensor according to one of thTABEEIB® cl al ms - wherein an inner
protective |ayer (4) not |nclud|ng the- I'la subgroup conponent is
provi.ded on t he lBRelsi-aor—Ww-t-hi-R—ait——pot-eettr-g—t-try-ef—=atri-a—rf er
protective |ayef inasldes 3 rgque@t ¥eisfence 8 Heakdle surfac®/Bt the $ide of
a measuring el e¢trodg (3) . 3000 rps® | 1000 rpe®
B3S Sasple Ne. BL Yes 0.02 0.03
B38 Sample No. B3 t 0.4 0.04
B37 Sasple No. B12 t 0.02 0.04
B3s . Sample No. B20 t 0.02 .03
B39 Sasple No. B23 t 0.03 0.04
B40 Sample No. B29 t - 0.04 0.05
B4L Sample No. B32 t 0.05 0.06
Comparisos BV | Cosparison BI t 0.09 0.13
Comparison BVI | Sample Na B23 No 0.03 0.09

=The seasor tesperature {s 400 °C and 300°C for 3000 rps and 1000 rpe.
respectively. vith nonenergized heater. whereas rises by 100°C or a little
sore vhen energized. Responmsive property of semsor after test (msec).

TABLE B4

First Second protective Differeace | Responsive

protective layer in A/F ratio | property o

layer Ia subgroup Inftiall between the [easor aft

Sample Mo Kobl D m(nz)IJ mtialﬂmze test (msec)
oxide Compositio and after

oxd "'1 () urabi1ity test | X% | Fal!

- BA2 Aoyl — BpinelfaC8,-260| 5| 2.58 0.05 50| 60

B43 t} — t [al0, 5| 2.52 0.06 50 70

_| Comparison BVE t| — t —_— - | 2.81 0.19 220 370

B4 t | — M20s[aCl;-200| 15| 2.63 0.05 50| 710

B4S t | — [ic: t 15| 5.82 0.05 50| 70

. B48 t| — t Lac0s - | 15| 2.88 0.08 0] 80

1) The asount of the Ha subgroup cosponent is relative to the setal oxide (spine
1. A220,. ‘I'IO:.) of the second protectlve layer and converted iato the IIa subgroup
elelent (Ca. ¥g).

This is the replacement sheet

0 4 NOV 19%

Date:



of the main body (1) of the sensor elenment has a roughness in a dept h of
not | ess than 10 [err] 8. An oxygen sensor for detecting oxygen

concentration in an exhaust gas conprising a sensor elenment (1) having a
protective | ayer which includes at 4Zasgbstitat&isRdepf 1CNBPEMDRE S II61)
consisting of Ila subgroup elements in the international periodic table
(ternmed hereinafter *lla subgroup conponents") on the side exposed to
t he exhaust gas of the oxygen sensor el enent (1). 9. An oxygen sensor
according to claim8, wherein the Ila subgroup conponent is mainly Ca
and/ or M. 10 An oxygen sensor having a pair of electrodes on both surf.
aces of an oxygen-ion conductor for detecting oxygen concentration I n
an exhaust gas, said oxygen sensor conpri sing: a protective | ayer
whi ch includes at |east one kind of Ila subgroup conmponents at | east
covering the elecrode (3) on the
TABLE BS
S_ acond gmtective layer A/F ratio | Response
First Initiall difference | property
Sample Mo protective Hetal control| betveen {nitiall aft:(u_- ,
layer® | oxidd, rlmm'd stage and other] test (ssec)|
Conposition T
BAT pexiconductor Fpinelca(:!z 280 2.39 0.05 30| 50
" t Lmneﬁ t 10] 2.2 0.05 30| 50
B4 t 10z t 15] 2.8 0.04 30| 40
B0 t heBa| Mgo0s | 15] 2.48 0.08 0| 4]
Cosparison BV t | = = 1—1]2% 0.22 100 | 330

1) The amount of the IIa subgroup component is relative to the metal oxide
_(spinel. Ti0; . Af20s ) of the seeond protective laver and converted into the Ha
subm elesent (Ca. ¥g).

2) Ti03 semiconductor also serves as the first protective laver.
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side exposed to the exhaust gas of the oxygen-ion conductor. 11. An oxygen

sensor m 10, wherein the Ila subgroup conponents are
gl | [T

en sensor according to claim 10, wherein the .
rotectivec tlayersis~tormed of a firaB BuBtE&itt \shekayar No¢bmMYrcloos
nelghbors the el ectrodes (3) to directly protect the el ectrodes (3) and
which is nade of a heat-resistant netal oxide (5b) and a second
protective |ayer which exists independently of the first - protective
| ayer. and which is made of a Ila subgroup conponent (5a).

45 Subst | €3 heet - 1 Novenmber 1996 13. -An oxygen sensar according to
claim?9, mhereln the protective | ayer for protecting the electrodes is

”ﬁdf gf $Pi N6l SR sensod! UBNAetabdingeorigen tontderravionesticuen| ager
Including a Ila

xhaust gas comprising a sensor element (l), the sensor element
having a protective layer which is made of heat-resistant metal
oxide (Sb) and which carries a component (5a)° cons:".sting 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 (l), 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 teo Claim 1 or 2 wherein the
protective layer also includes a nohle metal at least in a part
thereof.

4. An oxygen sensor according to claim 3 in which the pfétgctive
layer which is made of a heat-resistant metal cxdide 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 Dbeing disposed
closer to an electrode (3) than a part of the protective layer
in which said IIa subgroup component is carried.

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

§. An oxygen sensor according to one of the preceding claims
wherein the main body of the sensor element is made of a Ir0O,
solid electrolyte. ' '
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subgroup CdnwoneﬂHHLovi ded at | east on the outside thereof. 14. An

oxyge di n to one of clains 8 to 13, wherein- said at | east
one Ki Fmﬂﬂma g consisting of the Ila subgroup elenents are

i ncl u @as *  qlitric sall, 44 SubRfRABAIREANG Navemitis 1094 cach
IS present as an independent conponent . An oxygen sensor according
to claim13, wherein a noble netal S |ncI uded I n an anount not nore
than 5 W% within the protective Iayer of spinel and/or alum na. 15.
An oxygen sepsorl, rq 0 L% tQel m c
heat er 2) f%? ggggg ﬂ% éensor z%'eﬁea‘lfén °§°rgvf| %ncﬂ‘hﬁéﬂégd%xg CLQ%Q

sensor accor'ﬂﬁ‘?}@e‘t’b %e’-&f‘eél FrAsegtive 16—3Yﬁ/h'er(él)n not ti'fé‘:l‘iﬂ%n‘ %eﬁibr
el ement (1) subgroupideompdnent i Gedvidedsodn dthe Ethmet rsoigéewithin 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 um.

8. An oxygen sensor fo;.-: detecting oxygen conc‘:ent:ation' in an

- exhaust gas comprising a sensor element (1) having a protective

layer which includes at least one kind of components (Sa)

consisting of IIa subgroup elements in the internatiocnal

periodic table (termed hereinafter "Ila subgroup components”)

on the side exposed to the exhaust gas of the oxygen sensor
element (1).

8. - An oxygen sensor according- -to claim 8, wheiein the IIa subgzoup
component is mainly Ca and/or Mg.

10. An oxygen sensor having a pair of electrodes on both suxfaces
of an oxygen~-ion conductor for detecting oxygen concentration
in an exhaust gas, said oxygen sensor comprising: '

2 protective la.jrer which includes at least one kind of IIa
subgroup components at least covering the elecrode (3) on the
side exposed to the exhaust gas of the oxygen-ion conductor.

ll. An oxygen sensor according to claim 10, wherein f.he IIa
subgroup components are nonoxides.

12. An oxygen sensor according teo 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 cxide.(sb) and a second
protective layer which exists independently of the first
protective layer and which is made of a IIa subgroup component
(Sa).
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oxygen (1) is made of an oxide sem conduct or .

19. A net an oxygen sensor elenment in which a process
for providing a prot éctfve | ayer for a”4§§ﬁﬁ§ﬁﬂﬁ’§sﬂ@et- 1tﬂ8v§hﬁﬁr ed to
an exhaust gas of an oxygen-ion conduct or conprising the steps 0

(a) fornihg sm exygerrsesddr decaddinptect el d/ervivatdim the prctnc:j_v.

neat-resi st anlay@l Ao *dilfrectlidly che (dYactro@aMil0 nale HUONLLAIOLAA LK
| ayer. with 431 cera sition corrprlsm alla su rou&) oneﬁt
20. A net hod u&l"ﬁg"ﬁﬂr% %ﬁéﬂ"ﬁ“&c&ﬁi’ﬂf; ng"‘?b "“‘?clﬁalrﬁﬁ

19, wherein l:umodpsteppéhéntasstmﬁﬂana dexsasbhi che cumsideirtheriess.

formed by mxing the |la subgroup conponent and a

18. An~ o Eﬂmwiensor accord| ng to one of clainms 8 to 16, \/\herel n t he

l¢. An oxygen sensor according to one of claims 8 to 113, wherein
said at least one kind of components consisting of the TIIa
subgroup .elements .axe included as chloride, nitric sale,
carbonate and the like, and each is present as an independent
compenent.

15. An oxygen senscr according to cla.:'.m-‘l3, wherein a ncble metal
is included in an amount not more than 5 wtd within the
protective layer of spinel and/or alumina.

16. An cxygen sensor according to cne of claims 8 to 15_, wherein a
ceramic heater (§) for heating the sensor element is provided.

17. An oxygen sensor according to one of claims 8 to 16, wherein
the oxygen senscr element (1) is made of a Zz0, salid
electrolyze.

18. An oxygen sensor according te one of claims 8 to 16, wherein
the cxygen sensor element (1) is made of ‘an oxide
semiconductor. ' '

13. 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 si‘.eps of: |

(a) forming an air-permeable first protective layer with 2
heat-resistant metal oxide, and

(b) forming a second prot:eétive layer with a ceramic
composition comprising a2 IIa subgroup component.

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

a
4 slurry is formed by mixing the IIa subgroup component and
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46 Substitute sheet- 3“[ioverrber 1996 - heat-resi stant netal oxide powder,
d
X

and se :]“‘H ﬂ ing to layer is formed by said sl urry. 21. A
met hodnﬁmuﬁ E

ygen sensor el enent according to claim19,
wherein, “in sald step(b) the second py r ella
subgr oup COW:dﬁJﬂnriedmlaﬁLdlmuag pmetﬁ%éé‘e% N°%@E§Qpﬁ%§?célm.o
a liquid incl & onent. 22. A nethod of

t‘ £ peﬂz]m%de% %&accorg‘{ n

produci ng an oxglgen sensor gto claim19, wherein, in
said . step (b), the second protective | ayer is formed with a slurry

prepared by.addismgeide ¢t aproduxtiligy oap eaypencshnsor aepemdrty agrardirg okoa
heat - r esi stan%lammigal mﬂgppovﬂersgﬂg @tr;gbl@o)mat ghe disaR8h& e Yok ii-gd

on the heal=T€si st ant
layer including cthe IIa subgroup companent is formed by dipping

che first protective layer into a ligquid including the IIa
subgroup component.

22. A method of producing an oxygen sensor element accoxding o
claim 19, wherein, in said .step (b), the second pzotective
layer is formed with a slurry prepared by adding the IIa
subgroup compconent to a powdery mixture of a heat-resistant
metal oxide powder and a ncble metal. d.:.sge:sedly cazried on the
heat-resistant metal coxide powder.

23. A method of producing an oxygen sensor element according ta
‘claim 19, wherein, in said step (b), the second protective

. layexr is formed by coating a slucry of a heat-resistanc metal

" oxide powder dispersedly carrying a noble metal followed by
dipping the resultant product in a sclution containing the IIa
subgroup component.

24. A method of producing an cxygen sensor element acco:d.ii:g <o
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 IIa subgroup elements. -

2S. A method of producing an oxygen seasor 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 gxide
is spinel and/oxr alumina.
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23. A nethod of producing an oxygen sensor -el ement according to claim
*19, wherein, in said step (b), the second protective Iayer is f or med
by coating a slurry of a heat-resistant metal oxi de pomder ' rsedly
carrying a noble netal followed by dupBtitutetsheet e suNoysmar g in a
solution containing the Ila subgr oup conponent. 24. A nethod of
produci ng an oxygen sensor elenent according to any one of clains 19 to
23, wherein the Ila subgroup conponent is at | east oue selected from-
the group consisting of chloride, nitric salt and carbonate of the Ila
subgroup el enents. 25. A nethod of pssTRRCT ng an oxygen sensor el enent
according to claim 24, wherein the ITa subgroup elenents are Ca and/ or
My. 26. A nethod of producing an oxygen sensor el enent according to

one of clains 19 to 25 wherein said heat-resistant netal oxide S

spinel and/or al um N&. .\ seNsoR AND METHOD FOR PRODUCING SAME

.Oxygen sensor element (l) (2rQ; solid electrolyte etc.) for
detecting oxygen concentration in an exhaust gas has a protective
layer which is made of a heat-resistant metal oxide (5a) and which
carries a compenent (Sb) of a IIa subgroup element (Ca, Mg etc.)
on the side exposed to the exhaust gas of the sensor element (1),
at least a part of the protective layer being present as a
nonstoichiometric compound (Ti oxide etc.) with respect to the
heat-resistant metal oxide. Si-poiscning is prevented. A heater
(6) for heating the sensox element is p:cvided for preventing Si-
poisoning at low tempe:atu:es.

(Figure B1)

This is the replasement sheet

Date: (4 NOV 9%



