
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ®  Publication  number:  0  3 2 0   5 0 2  

Office  europeen  des  brevets  A 1  

@  EUROPEAN  PATENT  APPLICATION 

(3)  Application  number:  89200122.3  (gj)  Int.  CI.4:  G  01  N  2 7 / 5 6  

@  Date  of  filing:  08.10.85 

Priority:  08.10.84  JP  210867/84  ©  Applicant:  NGK  INSULATORS,  LTD. 
2-56,  Suda-cho,  Mizuho-ku 

©  Dateofpublicationofapplication:  Nagoya-shi,  Aichi  467  (JP) 
14.06.89  Bulletin  89/24 

@  Inventor:  Mizutani,  Yoshihiko 
„  .  x  .  r,»  ,  _„  ,_  19,  Aza-Wakata  Narumi-cho M  Designated  Contracting  States:  DE  FR  GB  IT  '  .  ,  . . . . . .   , <y  *  a  Midon-ku  Nagoya-shi  Aichi-ken  (JP) 

@  Publication  number  of  the  earlier  application  in  Shibata,  Kazuyoshi 
accordance  with  Art.  76  EPC:  0  178  149  15  Takeda-cho  2-chome  Mizuho-ku 

Nogoya-shi  Aichi-ken  (JP) 

@  Representative  :  Paget,  Hugh  Charles  Edward  et  al 
MEWBURN  ELLIS  &  CO.  2/3  Cursitor  Street 
London  EC4A1BQ  (GB) 

« 

@  Method  of  detecting  oxygen  partial  pressure. 
(g)  To  determine  whether  a  measurement  gas  is  a  rich-burned 
exhaust  gas  or  a  lean-burned  exhaust  gas,  an  oxygen 
concentration  sensor  is  used  which  has  a  pumping  cell  (40)  with 
a  solid  electrolyte  member  (34)  of  an  oxygen-ion  conductive 
material  and  two  electrodes  (36,38)  of  which  a  first  one  is 
exposed  directly  to  the  measurement  gas  and  the  second  is 
exposed  thereto  through  diffusion-resistance  means  (34),  and  a 
sensing  cell  (30)  with  a  solid  electrolyte  member  (24) 
conducting  oxygen  ions  and  reference  electrode  (28)  and  a 
measurement  electrode  (26)  which  is  exposed  to  the  same 
atmosphere  as  said  second  electrode  (38)  of  the  pumping  cell. 
An  electric  current  is  applied  to  the  electrode  (38)  exposed  to 
the  measurement  gas  through  the  diffusion-resistance  means, 
such  that  the  electric  current  flows  in  one  of  opposite  directions 
depending  upon  whether  the  measurement  gas  is  the  rich- 
burned  exhaust  gas  or  the  lean-burned  exhaust  gas,  so  as  to 
keep  stoichiometric  an  atmosphere  adjacent  to  that  electrode 
(38).  Change  in  the  direction  of  flow  of  the  electric  current,  or 
change  in  polarity  of  the  voltage  which  provides  the  electric 
current  is  detected. 
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Description 

METHOD  OF  DETECTING 

The  present  invention  relates  to  a  method  of 
determining  an  oxygen  partial  pressure  of  a 
measurement  gas,  and  more  particularly  to  a  method 
suitable  for  reliable  determination  of  whether  a 
measurement  exhaust  gas  is  a  rich-burned  exhaust 
gas  or  a  lean-burned  exhaust  gas,  and  for  fast  and 
efficient  measurement  of  an  oxygen  partial  pressure 
of  the  exhaust  gas. 

There  are  known  various  electrochemical  devices, 
each  of  which  comprises  an  electrochemical  cell 
using  a  solid  electrolyte  body.  Such  electrochemical 
devices  are  used,  for  example,  as  oxygen  sensors  to 
detect  the  oxygen  concentration  of  an  exhaust  gas 
(combustion  exhaust  gas)  produced  by  internal 
combustion  engines  of  automotive  vehicles.  Typical 
examples  of  such  oxygen  sensors  include  an  oxygen 
sensor  which  employs  a  mass  of  oxygen-ion  con- 
ductive  solid  electrolyte  such  as  zirconia  ceramics, 
to  determine  the  oxygen  concentration  according  to 
the  principle  of  an  oxygen  concentration  cell. 

An  oxygen  sensor  (sensor  for  detecting  the 
oxygen  concentration  of  a  gas),  as  an  example  of 
such  known  type  of  electrochemical  device,  is 
capable  of  detecting  an  electromotive  force  which  is 
induced  between  a  measuring  electrode  disposed 
on  the  solid  electrolyte  body  and  exposed  to  the 
exhaust  gas,  and  a  reference  electrode  exposed  to  a 
reference  gas,  due  to  a  difference  in  oxygen 
concentration  between  the  exhaust  gas  and  the 
reference  gas.  By  detecting  the  electromotive  force, 
the  oxygen  sensor  determines  whether  the 
measurement  gas,  i.e.,  the  exhaust  gas  is  a 
rich-burned  exhaust  gas  or  a  lean-burned  exhaust 
gas.  The  rich-burned  exhaust  gas  is  produced  in 
combustion  of  an  air-fuel  mixture  whose  air-fuel 
(A/F)  ratio  is  lower  than  the  stoichiometric  air-fuel 
ratio  at  which  a  stoichiometric  exhaust  gas  is 
produced.  The  lean-burned  exhaust  gas  is  emitted 
when  the  air-fuel  ratio  of  the  air-fuel  mixture  is  higher 
than  the  stoichiometric  air-fuel  ratio.  Thus,  the 
engine  which  produces  the  exhaust  gases  is 
controlled  on  the  basis  of  the  discrimination  by  the 
oxygen  sensor  whether  the  measurement  gas  is  a 
rich-burned  or  a  lean-burned  exhaust  gas. 

The  above-indicated  type  of  oxygen  concentration 
sensor  is  adapted  to  sense  the  oxygen  concentra- 
tion  of  the  exhaust  gases  by  utilizing  a  variation  in 
the  electromotive  force  induced  where  the  exhaust 
gases  are  produced  at  air-fuel  ratios  in  the  neighbor- 
hood  of  the  stoichiometric  air-fuel  ratio 
(A/F  =  14.6),  namely,  by  utilizing  the  so-called  "X 
curve".  Therefore,  the  application  of  the  known 
oxygen  concentration  sensor  is  limited  to  those 
exhaust  gases  which  are  emitted  where  the  air-fuel 
ratio  of  the  air-fuel  mixture  is  around  the  stoichiome- 
tric  ratio.  The  above-indicated  types  of  electro- 
chemical  sensors  were  originally  developed  and 
designed  as  oxygen  sensors  for  sensing  a  measure- 
ment  gas  such  as  an  exhaust  gas  which  is  produced 
as  a  result  of  combustion  of  an  air-fuel  mixture  at  the 
stoichiometric  air-fuel  ratio.  Recently,  however,  it  is 

OXYGEN  PARTIAL  PRESSURE 

proposed  to  use  such  oxygen  sensors  as  so-called 
"lean  A/F"  sensors  for  sensing  a  lean-burned 

5  exhaust  gas  which  is  emitted  in  combustion  of  a 
fuel-lean  air-fuel  mixture,  i.e.,  as  a  result  of  combus- 
tion  with  an  excessive  amount  of  air.  Namely,  the 
"lean  A/F"  sensor  is  capable  of  detecting  the  oxygen 
partial  pressure  of  an  oxygen-rich  exhaust  gas 

10  whose  oxygen  partial  pressure  is  higher  than  that  of 
the  stoichiometric  air-fuel  ratio.  See  US-A-4224113. 
In  recent  years,  however,  there  have  been  proposed 
oxygen  concentration  sensors  which  are  provided 
with  diffusion-resistance  means  in  various  forms 

15  such  as  a  porous  layer  and  a  pin  hole  or  aperture, 
that  provides  a  predetermined  diffusion  resistance 
to  the  molecules  of  a  component  in  the  measure- 
ment  gas.  Such  diffusion-resistance  means  are 
provided  to  widen  the  application  range  of  the 

20  measurement  gas. 
In  an  oxygen  concentration  sensor  provided  with 

such  diffusion-resistance  means,  a  given  compo- 
nent  such  as  oxygen  in  the  measurement  gas  is 
introduced  into  the  sensor  for  contact  with  its 

25  measuring  electrode,  at  a  relatively  low  partial 
pressure  of  the  component.  Hence,  this  type  of 
oxygen  sensor  is  capable  of  dealing  with  not  only  a 
lean-burned  exhaust  gas  whose  oxygen  partial 
pressure  is  higher  than  that  of  the  stochiometric  A/F 

30  ratio,  in  other  words,  which  is  produced  in  combus- 
tion  of  an  air-rich  or  fuel-lean  air-fuel  mixture  whose 
A/F  ratio  is  far  higher  than  14.6,  but  also  a 
rich-burned  exhaust  gas  whose  oxygen  partial 
pressure  is  lower  than  that  of  the  stoichiometric  A/F 

35  ratio  and  which  contains  a  large  amount  of  unburned 
components,  that  is,  which  is  produced  in  combu- 
tion  of  a  fuel-rich  air-fuel  mixture  whose  A/F  ratio  is 
lower  than  14.6. 

As  described  above,  the  known  oxygen  sensor 
40  controls  a  partial  pressure  of  a  measurement 

component  in  the  measurement  gas  by  feeding  the 
component  to  the  measuring  electrode  through 
suitable  diffusion-resistance  means.  In  this  known 
oxygen  sensor,  too,  the  determination  of  whether 

45  the  exhaust  gas  is  a  rich-burned  or  lean-burned 
exhaust  gas  is  accomplished  by  measuring  an 
electromotive  force  between  the  measuring  elec- 
trode  exposed  to  the  exhaust  gas  and  a  reference 
electrode  exposed  to  a  reference  gas,  as  in  the 

50  conventional  oxygen  sensor  previously  introduced, 
in  the  case  where  the  A/F  ratio  of  an  air-fuel  mixture 
which  produces  the  exhaust  gas  is  around  14.6,  i.e., 
the  stoichiometric  A/F  ratio. 

In  the  case  where  the  determination  of  whether 
55  the  measurement  exhaust  gas  is  a  rich-burned  or  a 

lean-burned  exhaust  gas  is  achieved  based  on  a 
X-curve  of  an  electromotive  force  measured  bet- 
ween  the  two  electrodes,  as  indicated  above,  there 
is  a  time  lag  or  delay  between  an  actual  change  of 

60  the  measurement  gas  from  the  rich-burned  gas  to 
the  lean-burned  gas  or  vice  versa,  and  a  corre- 
sponding  variation  in  the  measured  electromotive 
force.  Stated  the  other  way,  the  electromotive  force 
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is  not  sufficiently  responsive  to  a  change  in  the 
measurement  gas.  Thus,  the  known  oxygen  sensor 
suffers  a  low  response  to  a  change  of  the  measure- 
ment  gas  between  the  rich-burned  and  lean-burned 
exhaust  gases.  The  time  lag  between  the  actual 
change  in  the  measurement  gas  and  the  delayed 
variation  in  the  electromotive  force  is  serious 
particularly  when  the  oxygen  sensor  has  diffusion- 
resistance  means.  Described  more  specifically,  a 
diffusion  resistance  of  the  diffusion-resistance 
means  causes  a  delay  between  a  variation  in  the 
oxygen  partial  pressure  of  the  exhaust  gas  due  to  a 
change  from  the  rich-burned  to  the  lean-burned 
exhaust  gas  or  vice  versa,  and  a  variation  in  the 
oxygen  partial  pressure  at  the  measuring  electrode. 

Further,  such  an  oxygen  sensor  adapted  to  detect 
an  electromotive  force  induced  between  two  elec- 
trodes  suffers  another  problem  that  hydrocarbon, 
hydrogen,  carbon  monoxide,  and  other  components 
in  a  rich-burned  exhaust  gas  react  with  a  metallic 
component  of  the  measuring  electrode,  and  thereby 
deteriorates  the  measuring  electrode,  even  causing 
a  flake-off  or  separation  of  that  electrode  if  the 
deterioration  is  severe.  Thus,  the  durability  of  the 
measuring  electrode  is  reduced.  This  problem  of 
reduced  durability  of  the  measuring  electrode  may 
not  be  considerably  alleviated  if  the  diffusion-resist- 
ance  means  is  provided  so  as  to  cover  the 
measuring  electrode.  That  is,  the  measuring  elec- 
trode  is  exposed  to  the  rich-burned  exhaust  gas 
which  has  diffused  through  the  diffusion-resistance 
meads,  whereby  the  measuring  electrode  is  more  or 
less  influenced  by  the  components  such  as  hydro- 
carbon,  hydrogen  and  carbon  monoxide  in  the 
diffused  rich-burned  exhaust  gas. 

EP-A-138170  published  24th  April  1985  shows  an 
oxygen  sensor  having  a  sensing  cell  and  a  switch- 
controlled  pumping  cell  for  pumping  oxygen  either 
towards  or  away  from  one  electrode  of  the  sensing 
cell.  When  the  pumping  cell  is  switched  from 
pumping  towards  the  sensing  cell  to  away  from  the 
sensing  cell,  or  vice  versa,  the  measuring  terminals 
of  the  circuit  measuring  the  emf  of  the  sensing  cell 
are  reversed  in  polarity.  No  voltage  is  applied  to  the 
sensing  cell.  This  switching  enables  choice  to  be 
made  of  measurement  in  either  the  lean  burn  or  rich 
burn  regions. 

EP-A-173157  published  5th  March  1986  discloses 
an  oxygen  sensor  also  having  sensing  and  pumping 
cells.  The  circuit  in  this  case  applies  a  voltage  across 
the  pumping  cell  when  the  measured  gas  is  in  the 
lean  burn  range,  but  connects  together  the  elec- 
trodes  of  the  pumping  cell  when  the  measured  gas  is 
in  the  rich  burn  range.  In  the  lean  burn  range  the  A/F 
ratio  is  measured,  but  not  in  the  rich  burn  range. 

It  is  accordingly  an  object  of  the  present  invention 
to  solve  the  aforementioned  problems  encountered 
in  the  prior  art.  The  present  invention  is  set  out  in 
claim  1. 

In  the  method  of  detecting  an  oxygen  partial 
pressure  according  to  the  present  invention  as 
described  above,  an  electric  current  flows  relative  to 
the  electrode  exposed  to  the  measurement  gas 
through  the  diffusion-resistance  means,  so  as  to 
keep  stoichiometric  an  atmosphere  adjacent  to  the 

above-indicated  electrode,  namely,  so  as  to  keep  the 
atmosphere  adjacent  to  this  electrode  substantially 
identical  with  an  exhaust  gas  which  is  produced  in 
combustion  of  an  air-fuel  mixture  of  the  stoichiome- 

5  trie  air/fuel  ratio.  To  determine  whether  the  measure- 
ment  gas  is  a  rich-burned  exhaust  gas  or  a 
lean-burned  exhaust  gas,  a  change  in  the  direction 
of  flow  of  the  electric  current  or  a  change  in  the 
polarity  of  a  voltage  which  gives  the  electric  current, 

10  is  detected.  This  method  of  detection  is  different 
from  the  conventional  method  based  on  a  ?i-curve  of 
an  electromotive  force  induced  in  a  sensor.  In  the 
invention,  the  direction  of  the  current  flow  is 
reversed  when  the  normally  stoichiometric  atmos- 

15  phere  adjacent  to  the  above-indicated  electrode  is 
changed  into  a  rich-burned  exhaust  gas  or  a 
lean-burned  exhaust  gas.  Therefore,  a  change  or 
reversal  of  the  direction  of  flow  of  the  electric 
current,  or  a  change  in  the  polarity  of  the  voltage 

20  takes  place  a  far  shorter  time  after  the  change  in  the 
measurement  gas,  than  a  change  in  the  electromo- 
tive  force  beyond  a  given  level  due  to  the  change  in 
the  measurement  gas. 

Since  the  electrode  exposed  to  the  measurement 
25  gas  through  the  diffusion-resistance  means  is 

adapted  to  be  held  exposed  to  a  substantially  or 
nearly  stoichiometric  atmosphere,  the  rich-burned 
exhaust  gas  will  not  have  an  adverse  effect  on  that 
electrode,  as  experienced  in  the  prior  art.  Stated 

30  more  specifically,  the  electrode  will  not  suffer  a 
problem  which  is  conventionally  caused  due  to  a 
reaction  of  a  metallic  component  of  the  electrode 
with  unburned  components  in  the  rich-burned 
exhaust  gas.  Accordingly,  the  durability  of  the 

35  electrode  is  increased,  and  the  life  expectancy  of  the 
oxygen  concentration  sensor  is  improved. 

In  a  preferred  form  of  the  invention,  the  oxygen 
concentration  sensor  comprises:  (a)  dffusion-resist- 
ance  means  having  a  predetermined  diffusion  resist- 

40  ance  to  the  measurement  gas;  (b)  a  pumping  cell 
which  includes  a  first  solid  electrolyte  member  of  an 
oxygen-ion  conductive  material,  an  outer  or  a  first 
pumping  electrode  disposed  on  the  first  solid 
electrolyte  member  and  exposed,  for  example,  to 

45  the  measurement  gas,  and  an  inner  or  a  second 
pumping  electrode  disposed  on  the  first  solid 
electrolyte  member  and  exposed,  for  example,  to 
the  measurement  gas  through  the  diffusion-resist- 
ance  means;  and  (c)  a  sensing  cell  which  includes  a 

50  second  solid  electrolyte  member,  a  reference  elec- 
trode  disposed  on  the  second  solid  electrolyte 
member  and  exposed  to  a  reference  gas,  and  a 
measuring  electrode  disposed  on  the  second  solid 
electrolyte  member  and  exposed  to  an  atmosphere 

55  which  is  substantially  the  same  as  an  atmosphere  to 
which  the  inner  pumping  electrode  is  exposed.  In 
this  case,  the  electric  current  is  applied  between  the 
outer  and  inner  pumping  electrodes  of  the  pumping 
cell  in  dependance  on  the  electromotive  force 

60  induced  between  the  reference  and  measuring 
electrodes  of  the  sensing  cell,  so  as  to  keep 
stoichiometric  the  atmosphere  to  which  the  inner 
pumping  electrode  is  exposed.  The  determination  of 
whether  the  measurement  gas  is  the  rich-  or 

65  lean-burned  exhaust  gas  is  accomplished  by  detect- 
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ng  the  direction  of  flow  of  the  electric  current 
Detween  the  outer  and  inner  pumping  electrodes,  or 
She  polarity  of  the  voltage  causing  said  current. 

In  this  form  of  the  invention,  ambient  air  may  be 
jsed  as  the  reference  gas  to  which  the  reference 
alectrode  of  the  sensing  cell  is  exposed.  In  this 
nstance,  too,  the  electric  current  is  applied  in  an 
appropriate  direction  between  the  outer  and  inner 
pumping  electrodes  of  the  pumping  ceil,  so  that  a 
potential  between  the  measuring  and  reference 
electrodes  of  the  sensing  cell  is  held  within  a  range 
of  0.2-0.7V,  preferably  0.3-0.6V,  in  order  to  maintain  a 
substantially  stoichiometric  atmosphere  to  which 
the  measuring  electrode  and  the  inner  pumping 
electrode  are  exposed. 

According  to  an  advantageous  form  of  the 
nvention,  the  diffusion-resistance  means  consists 
Df  a  porous  ceramic  layer  having  a  predetermined 
diffusion  resistance.  When  the  oxygen  sensor  has 
Doth  pumping  and  sensing  cells,  the  first  solid 
electrolyte  member  of  the  pumping  cell  may  be 
formed  as  a  porous  layer  which  serves  as  the 
diffusion-resistance  means.  It  is  possible  that  the 
diffusion-resistance  means  is  constituted  by  a  pin 
aole  or  aperture  or  a  slit  which  has  the  predeter- 
mined  diffusion  resistance.  In  this  case,  the  appro- 
priate  electrode  is  exposed  to  the  measurement  gas 
through  the  aperture  or  slit. 

Embodiments  of  the  present  invention  will  be 
described  below  by  way  of  example,  with  reference 
to  the  accompanying  drawings,  in  which: 

Figs.  1  ,  2  and  4  are  schematic  views  showing 
respectively  three  different  sensors  for  carrying 
out  embodiments  of  the  invention;  and 

Figs.  3(a),  3(b)  and  3(c)  are  graphs  showing 
respectively,  a  change  in  the  measurement  gas, 
a  variation  in  pump  current  of  a  sensor  of  Fig.  1  , 
and  a  variation  in  pump  voltage  of  the  same 
sensor. 

For  understanding  of  the  present  invention, 
reference  may  also  be  made  to  Figs.  1  and  2  and  the 
corresponding  description  of  the  parent  application 
EP-A-178  149. 

The  oxygen  concentration  sensors  shown  in 
Figs.  1  and  2  have  a  sensing  element  which  includes 
an  electrochemical  pumping  cell  capable  of  effecting 
an  oxygen  pumping  operation,  and  an  electrochemi- 
cal  sensing  cell  for  detecting  an  electromotive  force. 
In  this  case,  as  compared  with  the  arrangement 
shown  in  Fig.  1  of  parent  application  EP-A-178  149,  it 
is  possible  to  eliminate  a  problem  of  an  IR  drop  of 
the  sensing  cell  due  to  an  influence  by  a  pump 
current  of  the  pumping  cell,  and  thereby  enhance 
the  detecting  accuracy  of  the  sensor. 

In  an  arrangement  of  Fig.  1,  a  sensing  cell  30  is 
constituted  by  a  solid  electrolyte  layer  24  of  an 
oxygen-ion  conductive  material,  and  a  measuring 
and  a  reference  electrode  26,  28  of  a  porous 
structure  which  are  disposed  on  opposite  surfaces 
of  the  solid  electrolyte  layer  24.  In  this  sensing  cell 
30,  an  electromotive  force  is  induced  between  the 
measuring  and  reference  electrodes  26,  28  accord- 
ing  to  the  principle  of  an  oxygen  concentration  cell. 
In  the  sensing  element,  an  air-passage  32  is  formed, 
so  that  the  reference  electrode  28  of  the  sensing  cell 

30  is  exposed  to  an  ambient  air  wnicn  is  introaucea 
into  the  air-passage  32  as  a  reference  gas. 

On  the  surface  of  the  sensing  cell  30  on  which  the 
measuring  electrode  26  is  disposed,  there  is  formed 

5  a  pumping  cell  40  which  cooperates  with  the  sensing 
cell  30  to  form  an  integral  laminar  structure.  The 
pumping  cell  40  includes  a  porous  solid  electrolyte 
layer  34  of  an  oxygen-ion  conductive  material,  an 
outer  pumping  electrode  36  which  is  disposed  on  an 

10  outer  exposed  surface  of  the  porous  solid  electro- 
lyte  layer  34,  and  an  inner  pumping  electrode  38  on 
an  inner  surface  of  the  solid  electrolyte  layer  34.  The 
inner  pumping  electrode  38  and  the  measuring 
electrode  26  are  constituted  by  a  single  common 

15  electrode.  The  sensing  element  is  located  so  that  the 
outer  pumping  electrode  36  of  the  pumping  cell  40  is 
exposed  to  a  measurement  gas  12.  The  measure- 
ment  gas  12  diffuses  through  the  porous  solid 
electrolyte  layer  34  with  a  predetermined  diffusion 

20  resistance,  and  reaches  the  inner  pumping  elec- 
trode  38.  In  the  present  embodiment,  the  porous 
solid  electrolyte  layer  34  itself  functions  as  diffusion- 
resistance  means  like  the  porous  ceramic  layer  10  of 
Figs.  1(a)  and  1(b)  of  parent  application  EP- 

25  A-178  149. 
The  measuring  electrode  26  and  the  reference 

electrode  28  of  the  sensing  cell  30  are  connected  to 
a  power  source  16,  so  that  a  predetermined 
reference  voltage  (0.5V)  is  applied  between  the 

30  measuring  and  reference  electrodes  26,  28.  The 
potential  difference  of  0.5V  given  by  the  power 
source  16,  and  an  electromotive  force  induced  in  the 
sensing  cell  30  are  applied  to  respective  inputs  of  a 
differential  amplifier  42,  so  that  the  amplifier  42 

35  provides  an  output  of  a  positive  or  negative  current 
proportional  to  a  difference  between  the  potential 
difference  and  the  electromotive  force,  in  order  that 
an  atmosphere  adjacent  to  the  measuring  electrode 
26  is  kept  stoichiometric  or  almost  stoichiometric. 

40  This  output  current  from  the  differential  amplifier  42 
flows  between  the  outer  and  inner  pumping  elec- 
trodes  36,  38  of  the  pumping  cell  40,  whereby 
oxygen  ions  are  moved  from  the  outer  pumping 
electrode  36  toward  the  inner  pumping  electrode  38, 

45  or  vice  versa.  Thus,  the  pumping  cell  40  performs  an 
oxygen  pumping  operation.  An  ammeter  22  is 
provided  to  detect  the  direction  of  flow  of  the 
electric  current  induced  by  the  differential  amplifier 
42.  The  single  common  electrode  serving  as  the 

50  measuring  electrode  26  of  the  sensing  cell  30  and 
the  inner  pumping  electrode  38  of  the  pumping  cell 
40  is  grounded. 

In  the  arrangement  of  the  present  oxygen  concen- 
tration  sensor  using  the  independent  sensing  and 

55  pumping  cells  30,  40,  the  electromotive  force  of  the 
sensing  cell  30  is  detected  to  keep  stoichiometric  or 
almost  stoichiometric  the  atmosphere  adjacent  to 
the  measuring  electrode  26  (inner  pumping  elec- 
trode  38),  and  a  suitable  amount  of  electric  current  is 

60  induced  based  on  the  detected  electromotive  force. 
Therefore,  when  the  atmosphere  adjacent  to  the 
measuring  electrode  26  is  changed  due  to  a 
measurement  component  of  the  measurement  gas 
which  has  diffused  through  the  porous  solid  electro- 

ns  lyte  layer  34  of  the  pumping  cell  40,  the  differential 
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amplifier  42  applies  the  electric  current  between  the 
Duter  and  inner  pumping  electrodes  36,  38  of  the 
pumping  cell  40  so  as  to  keep  stoichiometric  the 
atmosphere  adjacent  to  the  measuring  electrode  26, 
that  is,  to  restore  the  stoichiometric  atmosphere 
corresponding  to  the  reference  voltage  of  0.5V. 

When  the  measurement  gas  12  is  a  rich-burned 
exhaust  gas,  a  negative  current  is  induced  by  the 
differential  amplifier  42,  whereby  the  current  flows 
from  the  inner  pumping  electrode  38  toward  the 
outer  pumping  electrode  36  and  the  oxygen  compo- 
nent  in  the  measurement  gas  is  moved  through  the 
porous  solid  electrolyte  layer  34  toward  the  inner 
pumping  electrode  38  under  an  electrochemical 
reaction.  As  a  result,  the  oxygen  concentration 
(partial  pressure)  of  the  atmosphere  adjacent  to  the 
nner  pumping  electrode  38,  i.e.,  measuring  elec- 
trode  26  is  increased. 
If  the  measurement  gas  12  is  a  lean-burned  exhaust 
gas,  on  the  other  hand,  the  oxygen  partial  pressure 
Df  the  atmosphere  adjacent  to  the  measuring 
slectrode  26  is  increased  by  the  oxygen  component 
which  has  diffused  to  the  measuring  electrode  26 
through  the  porous  solid  electrolyte  layer  34.  As  a 
result,  the  differential  amplifier  42  provides  a  positive 
current  which  flows  from  the  outer  pumping  elec- 
trode  36  toward  the  inner  pumping  electrode  38, 
whereby  the  oxygen  in  the  atmosphere  adjacent  to 
the  measuring  electrode  26  is  pumped  out  into  the 
measurement  gas  through  the  porous  solid  electro- 
lyte  layer  34. 

While  the  above  method  is  arranged  to  detect 
change  of  the  direction  of  flow  of  the  pump  current 
to  determine  whether  the  measurement  gas  is  a 
rich-burned  or  a  lean-burned  exhaust  gas,  it  is 
possible  to  detect  a  change  of  the  pump  voltage 
between  the  outer  and  inner  pumping  electrodes 
36,38.  Since  the  pump  voltage  Vp  is  varied  more 
abruptly  or  suddenly  than  the  pump  current  Ip  as 
shown  in  Fig.  3,  the  determination  of  the  measure- 
ment  gas  by  detecting  the  polarity  of  the  pump 
voltage  Vp  is  desirable  for  improving  the  sensor 
characteristics. 

A  modified  sensing  arrangement  shown  in  Fig.  2  is 
slightly  different  from  the  oxygen  sensing  arrange- 
ment  of  Fig.1.  That  is,  the  present  arrangement  of 
Fig.  2  is  characterized  by  the  use  of  a  pin  hole  or 
aperture  44  as  diffusion-resistance  means.  More 
specifically,  the  sensing  element  of  the  present 
oxygen  concentration  sesor  has  a  cavity  46  sur- 
rounded  by  the  sensing  and  pumping  cells  30,  40. 
The  aperture  44  has  a  diameter  selected  to  provide  a 
predetermined  diffusion  resistance,  and  is  formed 
through  the  pumping  cell  40,  so  as  to  communicate 
the  cavity  46  with  the  external  measurement  gas 
space.  Since  the  aperture  44  is  provided  as 
diffusion-resistance  means,  the  solid  electrolyte 
layer  34  of  the  pumping  cell  40  is  formed  as  a 
gas-tight  layer,  contrary  to  the  porous  solid  electro- 
lyte  layer  of  the  preceding  embodiments.  Further, 
the  measuring  electrode  26  of  the  sensing  cell  30 
and  the  inner  pumping  electrode  38  of  the  pumping 
cell  40  are  separate  electrodes  which  are  disposed 
on  opposite  sides  of  the  cavity  46  and  exposed  to 
substantially  the  same  atmosphere  in  the  cavity  46. 

In  the  oxygen  concentration  sensor  ot  Hg.  2,  the 
measurement  gas  12  enters  the  cavity  46  through 
the  aperture  44  with  the  predetermined  diffusion 
resistance,  and  consequently  the  atmosphere  in  the 

5  cavity  46,  that  is,  the  atmosphere  contacting  the 
measuring  electrode  26  of  the  sensing  cell  30  is 
changed.  As  in  the  preceding  arrangement  of  Fig.  1, 
the  thus  changed  atmosphere  is  restored  into  a 
stoichiometric  or  substantially  stoichiometric  atmos- 

10  phere  by  means  of  an  oxygen  pumping  operation  of 
the  pumping  cell  40.  Since  the  operations  of  the 
sensing  and  pumping  cells  30,  40  in  the  present 
arrangement  of  Fig.  2  are  similar  to  those  of  the 
preceding  arrangement  of  Fig.  1,  repeated  descrip- 

15  tion  thereof  will  be  omitted  in  the  interest  of  brevity. 
A  further  modified  embodiment  of  the  invention  is 

illustrated  in  Fig.  4  which  is  different  from  the 
embodiment  of  Fig.  2  ,  in  that  the  diffusion-resist- 
ance  means  is  constituted  by  a  slit  48.  Stated  in 

20  greater  detail,  the  slit  48  is  a  thin  flat  space  which  is 
disposed  between  and  defined  by  the  sensing  and 
pumping  cells  30,  40.  The  slit  48  communicates  with 
the  outside  measurement  gas  through  a  gas-inlet 
hole  50  which  provides  substantially  no  diffusion 

25  resistance  to  the  measurement  gas.  The  measuring 
electrode  26  of  the  sensing  cell  30  and  the  inner 
pumping  electrode  38  of  the  pumping  cell  40  are 
disposed  so  as  to  be  exposed  to  the  thin  flat  space 
of  the  slit  48.  The  present  oxygen  concentration 

30  sensor  is  operated  in  the  same  manner  as  the 
embodiments  of  Figs.  1  and  2,  in  order  to  keep 
stoichiometric  the  atmosphere  in  the  slit  48,  more 
precisely,  the  atmosphere  In  the  inner  part  of  the  slit 
48  remote  from  the  gas-inlet  hole  50. 

35  Although  the  measuring  electrode  26  is  provided 
over  the  entire  area  of  the  slit  48,  it  is  desired  that  the 
measuring  electrode  26  be  provided  at  the  inner  part 
of  the  thin  flat  space  48  remote  from  the  gas-inlet 
hole  50. 

40  While  the  present  invention  has  been  described  in 
detail  in  its  several  preferred  embodiments,  it  is  to  be 
understood  that  the  invention  is  not  confined  to  the 
illustrated  details,  and 
may  be  embodied  with  various  changes,  modifica- 

45  tions  and  improvements. 
It  will  be  noted  that  the  method  of  the  present 

invention  may  be  practiced  on  various  arrangements 
of  an  oxygen  concentration  sensor  other  than  those 
illustrated  in  the  drawing,  provided  the  sensing 

50  arrangements  use  suitable  diffusion-resistance 
means  which  has  a  predetermined  diffusion  resist- 
ance  to  the  measurement  gas. 

According  to  the  various  arrangements  of  the 
present  invention  which  have  been  described,  an 

55  electric  current  is  caused  to  flow  in  a  direction  so  as 
to  keep  stoichiometric  the  atmosphere  adjacent  to 
an  electrode  exposed  to  the  measurement  gas 
which  has  diffused  through  suitable  diffusion-resist- 
ance  means.  The  direction  of  flow  of  the  electric 

60  current  is  changed  when  the  measurement  gas  is 
changed  from  a  rich-burned  exhaust  gas  to  a 
lean-burned  exhaust  gas  or  vice  versa.  Therefore, 
the  measurement  gas  may  be  sensed  by  detecting  a 
change  of  the  direction  of  flow  of  the  electric 

65  current.  This  detecting  method  permits  a  signifi- 
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cantly  improved  response  of  the  sensor,  as  com- 
pared  with  the  conventional  method  in  which  the 
measurement  gas  is  detected  based  on  an  electro- 
motive  force  induced  between  the  electrodes.  The 
present  method  of  the  invention  is  suitable  for 
checking  combustion  exhaust  gases  produced  by 
internal  combustion  engines,  and  is  effective  in 
protecting  the  electrode  against  deterioration  and 
improving  the  service  life  of  the  sensor.  These  are 
industrially  significant  advantages  of  the  present 
invention. 

Claims 

1.  A  method  of  effecting  determination 
whether  a  measurement  gas  is  a  rich-burned 
exhaust  gas  or  a  lean-burned  exhaust  gas, 
using  an  oxygen  concentration  sensor  which 
includes  a  solid  electrolyte  member  (34)  of  an 
oxygen-ion  conductive  material,  and  at  least 
two  electrodes  for  said  member  including  a  first 
(36)  and  second  (38)  electrode,  said  second 
electrode  (38)  being  exposed  to  the  measure- 
ment  gas  through  diffusion  resistance  means 
(34,  44,  48),  comprising  the  steps  of: 
applying  an  electrical  potential  between  the  first 
and  second  electrodes  (36,  38)  in  a  manner 
such  that  (a)  an  electric  current  flows  in  said 
electrolyte  member  (34)  in  opposite  directions 
and  (b)  the  polarity  of  said  electrical  potential  is 
reversed,  depending  upon  whether  the 
measurement  gas  is  said  rich-burned  exhaust 
gas  or  said  lean-burned  exhaust  gas,  the 
current  which  flows  tending  to  keep  stoi- 
chiometric  the  atmosphere  adjacent  to  said 
second  electrode  (38),  and 
detecting  the  direction  of  flow  of  said  electric 
current  or  the  polarity  of  said  electrical  potential 
which  causes  the  electric  current,  thereby 
effecting  said  determination. 

2.  A  method  according  to  claim  1  wherein 
said  oxygen  concentration  sensor  comprises 
said  electrolyte  member  (34)  which  also  con- 
stitutes  said  diffusion-resistance  means  (34) 
having  a  predetermined  diffusion  resistance  to 
the  measurement  gas; 
a  pumping  cell  (40)  which  comprises  said  first 
solid  electrolyte  member  (34),  said  first  elec- 
trode  (36)  disposed  on  said  first  solid  electro- 
lyte  member  (34)  and  directly  exposed  to  the 
measurement  gas  and  said  second  electrode 
(38)  disposed  on  said  solid  electrolyte  member 
(34)  and  exposed  to  the  measurement  gas 
through  said  solid  electrolyte  member  (34)  ; 
a  sensing  cell  (30)  which  includes  a  second 
solid  electrolyte  member  (24),  a  reference 
electrode  (28)  disposed  on  said  second  elec- 
trolyte  member  (24)  and  exposed  to  a  reference 
gas  and  a  measurement  electrode  (26)  dis- 
posed  on  said  second  solid  electrolyte  member 
(24)  and  exposed  to  an  atmosphere  which  is 
substantially  the  same  as  an  atmosphere  to 

which  said  second  electrode  (38)  is  exposed, 
said  electrical  potential  being  caused  to  be 
dependent  on  the  electromotive  force  induced 
between  said  reference  and  measuring  elec- 

5  trades  (28,  26)  of  the  sensing  cell  (30)  . 
3.  A  method  according  to  claim  2,  wherein  a 

single  common  electrode  (26,  38)  serves  as 
said  second  electrode  of  the  pumping  cell  and 
said  measuring  electrode  of  the  sensing  cell. 

10  4.  A  method  according  to  claim  1,  wherein 
said  oxygen  concentration  sensor  has  an 
aperture  (44)  or  a  slit  (48),  the  aperture  or  slit 
constituting  said  diffusion-resistance  means 
having  a  predetermined  diffusion  resistance  to 

15  the  measurement  gas  ; 
a  pumping  cell  (40)  which  comprises  said  first 
solid  electrolyte  member  (34),  said  first  elec- 
trode  (36)  disposed  on  said  first  solid  electro- 
lyte  member  (34)  and  directly  exposed  to  the 

20  measurement  gas  and  said  second  electrode 
(38)  disposed  on  said  solid  electrolyte  member 
(34)  and  exposed  to  the  measurement  gas 
through  said  diffusion  resistance  means  (50, 
44), 

25  a  sensing  cell  (30)  which  includes  a  second 
solid  electrolyte  member  (24),  a  reference 
electrode  (28)  disposed  on  said  second  elec- 
trolyte  member  (24)  and  exposed  to  a  reference 
gas  and  a  measurement  electrode  (26)  dis- 

30  posed  on  said  second  solid  electrolyte  member 
(24)  and  exposed  to  an  atmosphere  which  is 
substantially  the  same  as  an  atmosphere  to 
which  said  second  electrode  (38)  is  exposed, 
said  electrical  potential  being  caused  to  be 

35  dependent  on  the  electromotive  force  induced 
between  said  reference  and  measuring  elec- 
trodes  (28,  26)  of  the  sensing  cell. 

5.  A  method  according  to  any  one  of  claims  2 
to  4  wherein  said  reference  gas  is  ambient  air 

40  and  the  potential  difference  between  said 
measuring  (26)  and  reference  (28)  electrodes  of 
the  sensing  cell  is  held  within  the  range  of 
0.2-0.7V. 

6.  A  method  according  to  claim  5  wherein 
45  said  potential  difference  between  said  measur- 

ing  (26)  and  reference  (28)  electrodes  of  the 
sensing  cell  is  held  within  the  range  of  0.3-0.6V. 

50 
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