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Description 

This  invention  relates  to  an  oxygen  sensor  for  and  a  method  of  determining  the  concentration  of 
oxygen  (i.e.,  the  partial  pressure  of  oxygen)  in  a  monitored  gas  environment. 

5  One  conventional  oxygen  sensor  10  as  disclosed  in  U.K.  Patent  1  523550  and  shown  in  Fig.  1  comprises 
a  diffusion  housing  12,  an  oxygen  ion  conductive  plate  14  of  solid  electrolyte  hermetically  bonded  at  one 
surface  to  the  diffusion  housing  12  by  sealing  glass  16,  and  a  pair  of  circular  electrode  layers  18  and  18 
secured  to  the  opposite  sides  of  the  conductive  plate  14,  respectively,  the  electrodes  18  and  18  being 
connected  to  a  DC  power  source  20.  For  example,  the  oxygen  ion  conductive  plate  14  comprises  a  solid 

10  solution  containing  ZrO2,  Y2O3,  MgO  and  CaO.  Each  of  electrode  layers  18  is  porous  and  is  made,  for 
example,  of  platinum.  The  diffusion  housing  12  has  a  gas  diffusion  aperture  12a  of  a  smaller  diameter 
formed  through  a  wall  12b.  The  diffusion  of  oxygen  from  the  monitored  gas  environment  G  through  the 
gas  diffusion  aperture  12a  into  a  chamber  12c  of  the  diffusion  housing  12  is  effected  by  the  application  of  a 
DC  potential  from  the  power  source  20  across  the  two  electrodes  18  and  18  to  pump  oxygen  present  in  the 

75  chamber  12c  through  the  oxygen  ion  conductive  plate  14.  As  the  potential  across  the  two  electrodes  18  is 
increased,  electrical  current  flowing  through  the  two  electrodes  18  is  changed  as  indicated  by  a  curve  A  in 
Fig.  2.  The  curve  A  is  divided  into  three  regions  X,  Y  and  Z.  The  region  X  is  a  transition  region  at  which  the 
above-mentioned  pumping  of  the  oxygen  out  of  the  chamber  12c  is  in  the  process  of  reaching  a  constant 
rate.  At  the  region  Y,  the  amount  of  the  molecules  of  the  oxygen  flowing  into  the  chamber  12c  through  the 

20  gas  diffusion  aperture  12a  is  equal  to  the  amount  of  the  molecules  of  the  oxygen  flowing  out  of  the 
chamber  12c  through  the  oxygen  ion  conductive  plate  14.  At  this  region,  the  current  limited  by  the  oxygen 
diffusion  is  rendered  stable  so  that  a  stable  diffusion  limited  current  value  Ip  is  obtained.  At  the  region  Z, 
the  current  flowing  through  the  two  electrodes  18  is  abruptly  increased  because  the  current  contains 
components  other  than  the  ion  current,  such  as  current  caused  by  the  electronic  conduction.  The  diffusion 

25  limited  current  value  Ip  is  proportional  to  the  concentration  of  oxygen  in  the  monitored  gas  environment  G, 
and  therefore  the  oxygen  concentration  is  detected  by  measuring  the  diffusion  limited  current  value  Ip 
through  an  ammeter  A. 

Another  conventional  oxygen  sensor  10a  which  operates  generally  as  disclosed  in  U.K.  Patent 
1523660,  and  shown  in  Fig.  3  differs  from  the  oxygen  sensor  10  of  Fig.  1  in  that  a  diffusion  housing  12  made 

30  of  an  opencell  porous  structure  is  used  with  the  gas  diffusion  aperture  12a  being  omitted.  With  this 
construction,  the  oxygen  diffuses  into  the  housing  chamber  12c  through  the  porous  housing  12,  and  the 
pumping  of  oxygen  out  of  the  chamber  12c  is  effected  as  described  above  for  the  oxygen  sensor  of  Fig.  1. 

The  sealing  glass  16  sealingly  bonding  the  oxygen  ion  conductive  plate  14  to  the  diffusion  housing  12 
comprises  amorphous  glass  containing  SiO2  BaO  and  Na2O.  The  bond  between  the  oxygen  ion  conductive 

35  plate  14  and  the  diffusion  housing  12  must  be  maintained  heat-resistant,  airtight  and  thermal  shock- 
'  resistant.  The  oxygen  ion  conductive  plate  14  is  made  of  zirconia,  and  the  diffusion  housing  12  is  usually 

made  of  zirconia-based  material  so  that  there  will  not  be  provided  a  substantial  difference  in  thermal 
expansion  coefficient  between  the  conductive  plate  14  and  the  diffusion  housing  12.  Therefore,  the 
diffusion  housing  12  and  the  oxygen  ion  conductive  plate  14  have  a  relatively  high  thermal  expansion 

40  coefficient,  for  example,  of  100  x  10~7/°C,  and  must  have  such  a  thermal  resistance  as  to  withstand  up  to 
800°C.  For  these  reasons,  the  bond  between  the  diffusion  housing  12  and  the  oxygen  ion  conductive  plate 
14  must  be  made  through  glass.  However,  it  is  rather  difficult  to  manufacture  such  glass  as  to  meet  these 
requirements.  Glass  containing  SiO2,  BaO  and  Na2O  is  the  only  glass  which  is  commercially  available, 
partially  amorphous  and  somewhat  analogous  in  physical  properties  to  the  above-mentiond  desired  glass. 

45  This  amorphous  glass  has  a  poor  thermal  shock  resistance,  and  a  crack  is  liable  to  develop  in  it. 
FR—  A—  2277343  discloses  an  oxygen  sensor  having  a  conductive  plate  which  is  composed  of  a 

zirconia  based  material  and  on  the  opposite  sides  of  which,  platinum  electrodes  are  provided. 
It  is  therefore  an  object  of  this  invention  to  provide  an  oxygen  sensor  of  the  type  in  which  the  diffusion 

housing  and  the  oxygen  ion  conductive  plate  are  sealingly  bonded  together  by  amorphous  glass  having  a 
so  high  thermal  expansion  coefficient  and  excellent  thermal  resistance  and  thermal  shock  resistance. 

According  to  one  aspect  of  the  present  invention,  there  is  provided  an  oxygen  sensor  for  determining 
the  partial  pressure  of  oxygen  in  a  monitored  gas  environment,  which  comprises:  a  diffusion  housing  of 
zirconia  based  material  having  a  gas  diffusion  aperture;  an  oxygen  ion  conductive  plate  of  zirconia  based 
material;  a  pair  of  electrode  layers  mounted  on  opposite  sides  of  the  conductive  plate;  heating  means 

55  mounted  on  the  housing,  for  heating  and  keeping  the  sensor  at  an  appropriate  temperature;  and  a  sealing 
glass  material  sealingly  bonding  said  conductive  plate  at  one  side  to  said  housing  to  provide  a  diffusion 
chamber  defined  by  said  diffusion  housing  and  said  conductive  plate,  said  electrodes  being  connectable  to 
a  power  source  for  being  supplied  with  an  electric  potential  to  pump  oxygen  ions  out  of  said  diffusion 
chamber  through  said  conductive  plate  to  flow  a  current  through  said  electrodes  which  current  is  indicative 

so  of  the  partial  pressure  of  the  oxygen  in  the  monitored  gas  environment,  characterised  in  that: 
the  sealing  glass  material  is  prepared  by  the  steps  of  providing  amorphous  glass  containingh  SiO2, 

BaO  and  Na2O  and  adding  a  zirconia  powder  to  amorphous  glass; 
the  zirconia  powder  has  a  particle  size  of  not  more  thn  3  urn; 
the  sealing  glass  material  contains  1  to  30%  by  weight  of  the  zirconia; 

65  the  oxygen  ion  conductive  plate  has  a  thickness  of  0.08  to  0.8  mm; 
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each  of  the  electrode  layers  has  a  circular  shape  and  a  diameter  of  not  more  than  7  mm;  and 
the  gas  diffusion  aperture  has  a  diameter  of  10  to  50  urn. 
According  to  another  aspect  of  the  present  invention  there  is  provided  a  method  of  using  an  oxygen 

sensor  as  set  out  in  the  last  preceding  paragraph,  for  determining  the  partial  pressure  of  oxygen  in  a 
5  monitored  gas  environment,  wherein  *or,n=r>  +  h~,,t 

the  heating  means  is  operated  to  maintain  the  oxygen  sensor  at  a  temperature  of  about  300  C  to  about 
450°C-  and  while  an  the  oxygen  sensor  is  maintained  at  the  temperature, 

an  electric  potential  is  applied  to  the  electrodes  to  determine  the  partial  pressure  of  the  oxygen  in  the 
monitored  gas  environment. 

10  Reference  is  now  made  to  the  accompanying  drawings,  in  which: 
Fig  1  is  a  cross-sectional  view  of  an  oxygen  sensor  provided  in  accordance  with  the  prior  art; 
Fig.  2  is  a  diagrammatical  illustration  showing  a  change  in  current  flowing  through  electrodes  of  the 

oxygen  sensor; 
Fig.  3  is  a  view  similar  to  Fig.  1  but  showing  another  conventional  oxygen  sensor; 

ts  Fig.  4  is  a  view  similar  to  Fig.  1  but  showing  an  oxygen  sensor  provided  in  accordance  with  the  present 
invention;  .  ,  . .  

Fig.  5  is  a  diagrammatical  illustration  showing  the  relation  between  an  oxygen  ion  conductive  plate 
and  the  minimum  operative  temperature  as  well  as  the  relation  between  the  conductive  plate  and  the 

power  consumption;  . .  
20  Fig.  6  is  a  diagrammatical  illustration  between  the  response  time  and  the  diffusion  limited  current; 

Fig.  7  is  a  diagrammatical  illustration  betwen  the  response  time  and  the  operating  temperature  of  the 

oxygen  sensor;  _,  . . .   * 
Fig.  8  is  a  diagrammatical  illustration  between  the  minimum  operative  temperature  and  the  diameter 

of  the  gas  diffusion  aperture;  and 
25  Fig.  9  is  a  diagrammatical  illustration  betwen  the  relation  between  the  minimum  operative  temperature 

and  the  electrode  diameter  as  well  as  the  relation  between  the  power  consumption  and  the  electrode 
d i a m e t e r . . . . .  

An  oxygen  sensor  10b  shown  in  Fig.  4  is  identical  in  construction  to  the  oxygen  sensor  10  ot  Hg.  1,  ana 
corresponding  parts  are  designated  by  like  reference  numerals.  The  oxygen  sensor  10b  comprises  electric 

so  heating  means  22  for  heating  the  oxygen  sensor  to  a  predetermined  temperature  during  an  operation 
thereof  the  heating  means  22  being  in  the  form  of  a  pattern  of  a  continuous  resistance  heamg  element 
formed  on  the  outer  surface  of  the  housing  12  facing  away  from  the  oxygen  ion  conductive  plate  14.  The 
heating  means  22  is  connected  to  a  power  source  (not  shown)  for  being  energized. 

A  sealing  material  16  which  sealingly  bonds  an  oxygen  ion  conductive  plate  14  to  a  diffusion  housing 
35  12  is  made  of  glass  containing  SiO2,  BaO,  Na2O  and  ZrO2.  The  sealing  glass  16  is  prepared  by  adding 

zirconia  powder  to  amorphous  glass  containing  SiO2,  BaO  and  Na2O,  the  amorphous  glass  having  an 
operating  temperature  of  about  1000°C  and  having  a  relatively  high  thermal  expansion  coefficient  of  90  x 
10~7/°C  which  is  relatively  close  to  that  of  zirconia.  A  typical  example  of  such  amorphous  glass 
commercially  available  is  one  sold  by  Iwaki  Glass  Co.,  Ltd.  (Japan)  under  the  tradename  of  #  98010  of 

40  which  composition  is  represented  in  Table  1  in  terms  of  both  elements  and  oxides: 

Table  1 

Si:   33.0  %  SiO2:  70.6  % 

Ba:  9.6  %  BaO:  10.7  % 

Na:  5.4  %  Na2O:  7.3  % 

K:  4.7  %  K2O:  5.7  % 

Al:  1  .5  %  Al2°3 :   2'8  % 

Li:  0.7  %  Li2O:  1.5  % 

45 

50 

T o t a l :   98.6  % 

60  The  above  amorphous  glass  has  the  following  characteristics: 

65 
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Table   2 

Thermal   e x p a n s i o n   c o e f f i c i e n t   96 
( 1 0 - 7 / i n / ° C   (50  to  100  °C)  

O p e r a t i n g   t e m p e r a t u r e   (°C)  1000 

S o f t e n i n g   p o i n t   (°C)  665 

A n n e a l i n g   p o i n t   (°C)  445 

D i s t o r t i o n   p o i n t   (°C)  410 

D e n s i t y   ( g r / c c )   2 . 6 0  

Volume  r e s i s t a n c e   ( l o g - | Q / ° )   25°C  17 

(n~cw)  150°C  12 

350°C  7 

D i e l e c t r i c   c o n s t a n t   1MC  7 

3MC  7 

tan  ,5  x  104  1MC  20 

3MC  50 

10 

15 

20 

25 

30 

The  amount  of  addition  of  zirconia  to  such  amorphous  glass  to  form  the  sealing  glass  material  16 
should  be  1  to  30%  of  the  total  weight  of  the  glass  and  the  zirconia.  If  the  zirconia  content  is  less  than  1%, 
desired  results  can  not  be  achieved.  On  the  other  hand,  if  this  content  exceeds  30%,  the  vitrification  of  the 
mixture  of  the  amorphous  glass  and  zirconia  is  adversely  affected.  The  zirconia  powder  to  be  added  to  the 
amorphous  glass  should  have  a  particle  size  of  not  more  than  3  urn. 

The  zirconia  powder  added  to  the  amorphous  glass  containing  SiO2,  BaO  and  Na2  is  dispered  therein  to 
serve  as  cushioning  means  for  absorbing  shock  applied  to  the  resultant  sealing  glass  material.  Thus,  the 
zirconia  powder  so  added  serves  to  reinforce  the  sealing  glass  material. 

The  invention  will  now  be  illustrated  by  way  of  the  following  Example: 

Example  1 
10%  by  weight  of  zirconia  powder  was  added  to  amorphous  glass  shown  in  Tables  1  and  2  to  form  a 

sample  glass  material  A  of  this  invention.  According  to  the  same  procedure,  a  sample  glass  material  B  of 
this  invention  having  a  zirconia  content  of  15%  and  a  sample  glass  material  C  of  this  invention  having  a 
zirconia  content  of  20%  were  prepared.  The  above  amorphous  glass  with  no  zirconia  content  was  used  as  a 
comparative  sealing  glass  material  D. 

Each  of  the  sealing  glass  materials  A,  B,  C  and  D  was  used  to  provide  an  oxygen  sensor  similar  to  that 
shown  in  Fig.  4.  The  diffusion  housing  was  made  of  zirconia  solid  solution  partially  stabilized  by  3  mol.  %  of 
Y2O3  having  a  thermal  expansion  coefficient  of  92  x  10~7/°C.  The  oxygen  ion  conductive  plate  was  made  of 
solid  electrolyte  of  zirconia  stabilized  into  a  generally  cubic  crystal  structure  by  8  mol.  %  of  Y203  having  a 
thermal  expansion  coefficient  of  100  x  10~7/°C  . 

10  samples  were  tested  with  respect  to  each  of  the  sealing  glass  materials  A  to  D  to  detemine  how 
many  samples  out  of  ten  were  subjected  to  a  crack  both  at  the  time  when  the  sealing  glass  material  was 
initially  heated  from  room  temperatures  to  400°C  and  at  the  time  when  the  sealing  glass  was  subjected  to 
100  cycles  of  heat  shock  from  400°C  to  room  temperatures.  The  results  obtained  are  shown  in  Table  3 
below. 

35 

40 

45 

50 

55 

60 
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Table  3 

1  00  hea t   shock  c y c l e s  
(400°C«  —  »  room  t e m p . )  

I n i t i a l   temp,  r i s e  
(room  temp,  to  400°C)  SampJ 

w 

As  can  be  seen  from  Table  3,  none  of  the  sample  glass  materials  A,  B  and  C  were  subjected  to  a  crack 
both  at  the  initial  temperature  rise  from  room  temperatures  to  400°C  and  during  100  cycles  of  heat  shock 
from  400°C  to  room  temperatures.  On  the  other  hand,  three  out  often  comparative  sample  glass  matena  D 

were  subjected  to  a  crack  at  the  initial  temperature  rise,  and  seven  out  of  ten  comparative  glass  material  D 
underwent  a  crack  during  100  cycles  of  heat  s h o c k . .  

One  example  of  the  amorphous  glass  containing  SiO2,  BAO  and  Na2O  has  been  shown  in  Table  1,  but 
the  content  of  each  component  of  this  glass  can  be  varied  in  the  range  of  ±5%. 

SiO,  is  a  major  component  of  the  amorphous  glass  and  cooperates  with  BaO  to  promote  the 
solidification  rate.  Na2O  renders  the  glass  soft  so  that  the  glass  can  be  processed  easily,  but  it  has  a 
relatively  high  thermal  expansion  coefficient.  However,  the  addition  of  K20  lowers  the  thermal  expansion 
coefficient  AI,O3  also  lowers  a  thermal  expansion  coefficient  and  increases  a  weathering  resistance  and  a 
resistance  to  acids  and  alkalis.  LiO2  tends  to  enhance  crystallinity  and  therefore  improves  a  heat  resistance. 

According  to  the  present  invention,  zirconia  (ZrO2)  is  added  to  the  above  amorphous  glass  to  Provide 
the  sealing  glass  material.  The  diffusion  housing  and  the  oxygen  ion  conductive  plate  which  are  bonded 

together  through  the  sealing  glass  material  are  both  made  of  zirconia-based  material,  and  therefore  the 
sealing  glass  material  provides  for  higher  bonding  ability  and  heat  resistance. 

Referring  again  to  Fig.  4,  the  oxygen  ion  conductive  plate  14  has  a  thickness  H  of  0.08  to  0.8  mm.  Each 
of  the  electrodes  18  has  a  diameter  Dd  of  not  more  than  7  mm.  The  gas  diffusion  aperture  12a  has  a 
diameter  Dh  of  10  to  50um.  The  oxygen  sensor  10b  is  maintained  at  temperatures  of  about  350  to  450  c  by 
the  heating  means  22  during  the  operation  t h e r e o f . .  

The  thickness  H  of  the  oxygen  on  conductive  plate  14  is  linearly  increased  with  the  increase  of  power 
consumption  W  as  indicated  in  a  dash-and-dot  line  in  Fig.  5,  but  the  minimum  operative  temperature  T 
becomes  generally  constant  when  the  thickness  H  exceeds  0.8  mm  as  indicated  in  a  solid  line  in  Fig.  5.  The 
minimum  operative  temperature  T  means  the  lower  limit  of  the  temperature  range  in  which  the  diffusion 
limited  current  can  be  probed  in  the  atmosphere  (in  which  the  oxygen  concentration  is  almost  constant). 
Therefore,  in  view  of  heating  efficiency,  the  thickness  H  should  be  not  be  more  than  0.8  mm.  More 
preferably,  the  thickness  H  should  be  about  0.5  mm  in  view  of  the  strength  and  fabrication  of  the  oxygen 
ion  conductive  plate  14.  The  thickness  H  should  not  be  less  than  0.08  mm.  The  oxygen  ion  conductive  plate 
14  is  made  of  sintered  ceramics,  and  if  the  thickness  H  is  below  0.08  mm,  the  plate  14  is  rendered 

impractical  because  of  the  presence  of  the  voids  or  pores  between  the  particles  of  the  sintered  ceramics. 
When  the  oxygen  sensor  10b  operates  at  temperatures  of  around  500°C,  the  electrodes  18  of  platinum 

and  the  oyxgen  ion  conductive  plate  14  of  solid  electrolyte  are  much  deteriorated,  so  that  the  oxygen 
sensor  10b  can  not  be  used  for  a  long  period  of  time.  It  has  now  been  found  that  such  deterioration  will  not 

occur  when  the  oxygen  sensor  10b  operates  at  temperatures  of  not  more  than  450°C.  Also,  it  has  been 
found  that  the  minimum  operating  temperature  of  the  oxygen  sensor  10b  is  300°C.  If  the  operating 
temperature  is  less  than  300°C,  the  oxygen  ion  conductive  ability  is  lowered  to  such  an  extent  that  the 

oxygen  sensor  10b  does  not  function  properly. 
More  specifically,  the  practical  operating  temperature  of  the  oxygen  sensor  10b  is  seen  from  Figs.  6 

and  7  The  oxygen  sensor  10b  must  be  heated  to  the  above  minimum  operating  temperature  in  order  to 
achieve  a  satisfactory  response.  The  satisfactory  response  is  achieved  when  the  change  of  oxygen 
concentration  by  90%  is  indicated  within  10  seconds. 

Figs.  6  and  7  show  the  relation  between  the  response  and  operating  temperature  of  the  oxygen  sensor 

Fig  6  shows  the  relation  between  response  time  t90  (i.e.,  the  time  required  before  the  oxygen  sensor 
indicates  the  occurrence  of  the  change  of  oxyen  concentration  by  90%)  and  the  value  of  diffusion  limited 
current  The  depth  or  length  of  the  gas  diffusion  aperture  12a  is  predetermined,  that  is  to  say,  1  mm,  and 
therefore  the  value  of  the  diffusion  limited  current  is  determined  in  accordance  with  the  diameter  Dh  of  the 

gas  diffusion  aperture  12a.  The  response  time  is  determined  solely  in  accordance  with  the  operating 
temperature  of  the  oxygen  sensor  12a  when  the  diameter  Dh  of  the  gas  diffusion  aperture  12a  is  more  than 

a  predetermined  value  which  is  about  10  urn.  Therefore,  it  is  necessary  that  the  operating  temperature 
should  not  be  less  than  370°C  to  achieve  the  satisfactory  response. 
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Fig.  7  also  shows  the  relation  between  the  response  time  and  the  operating  temperature  (i.e.,  the 
temperature  of  the  oxygen  sensor  10b).  In  Fig.  7,  a  broken  line  indicates  the  relation  when  the  diameter  Dh 
of  the  gas  diffusion  aperture  12a  is  100  urn,  and  a  solid  line  indicates  the  relation  when  the  diameter  Dh  is 
30  urn.  As  can  be  seen  from  Fig.  7,  the  response  time  will  not  be  changed  substantially  even  if  the  value  of 

5  the  diameter  Dh  is  varied  substantially.  This  indicates  that  the  essential  factor  in  determining  the  response 
time  is  not  the  diameter  Dh  of  the  gas  diffusion  aperture  12a  which  corresponds  to  a  diffusion  resistance, 
but  the  operating  temperature  of  the  oxygen  sensor  10b.  As  can  be  seen  from  Fig.  7,  in  order  to  achieve  the 
satisfactory  practical  response,  the  operating  temperature  should  be  more  than  about  370cC  as  is  the  case 
with  the  relation  shown  in  Fig.  6.  Actually,  it  has  been  found  that  the  operating  temperature  of  not  less  than 

10  350°C  can  achieve  substantially  the  same  response. 
Fig.  8  shows  the  relation  between  the  minimum  operative  temperature  and  the  diameter  Dh  of  the  gas 

diffusion  aperture  12a,  with  the  length  of  the  aperture  12a  being  1  mm.  The  upper  limit  of  the  operating 
temperature  is  450°C  as  described  above.  In  order  that  450°C  may  be  the  minimum  operative  temperature, 
the  diameter  Dh  is  not  more  than  about  50  urn.  With  respect  to  the  lower  limit  of  the  operating  temperature, 

15  the  diameter  Dh  is  about  1  0  urn  as  described  above  for  the  response.  Therefore,  the  diameter  Dh  should  be 
about  10  to  about  50  urn. 

Fig.  9  shows  the  relation  between  the  minimum  operative  temperature  and  the  diameter  Dd  of  each 
electrode  18  (solid  line),  the  power  consumption  being  indicated  in  a  dash-and-dot  line.  As  the  electrode 
diameter  Dh  increases,  the  power  consumption  required  increases.  However,  when  the  electrode  diameter 

20  Dd  exceeds  about  7  mm,  the  minimum  operative  temperature  becomes  generally  constant  and  will  not  be 
further  lowered.  Therefore,  the  electrode  diameter  Dd  should  not  be  more  than  about  7  mm. 

Claims 

25  1.  An  oxygen  sensor  for  determining  the  partial  pressure  of  oxygen  in  a  monitored  gas  environment, 
which  comprises:  a  diffusion  housing  (12)  of  zirconia  based  material  having  a  gas  diffusion  aperture  (12a); 
an  oxygen  ion  conductive  plate  (14)  of  zirconia  base  material;  a  pair  of  electrode  layers  (18,  18)  mounted  on 
opposite  sides  of  the  conductive  plate  (14);  heating  means  (22)  mounted  on  the  housing,  for  heating  and 
keeping  the  sensor  at  an  appropriate  temperature;  and  a  sealing  glass  material  (16)  sealingly  bonding  said 

30  conductive  plate  (14)  at  one  side  to  said  housing  (12)  to  provide  a  diffusion  chamber  (12c)  defined  by  said 
diffusion  housing  (12)  and  said  conductive  plate  (14),  said  electrodes  (18,  18)  being  connectable  to  a  power 
source  for  being  supplied  with  an  electric  potential  to  pump  oxygen  ions  out  of  said  diffusion  chamber 
(12c)  through  said  conductive  plate  (14)  to  flow  a  current  through  said  electrodes  (18,  18)  which  current  is 
indicative  of  the  partial  pressure  of  the  oxygen  in  the  monitored  gas  environment,  characterised  in  that: 

35  the  sealing  glass  material  (16)  is  prepared  by  the  steps  of  providing  amorphous  glass  containing  SiO2, 
BaO  and  Na20  and  adding  a  zirconia  powder  to  said  amorphous  glass; 

the  zirconia  powder  has  a  particle  size  of  not  more  than  3  urn; 
the  sealing  glass  material  (16)  contains  1  to  30%  by  weight  of  the  zirconia; 
the  oxygen  ion  conductive  plate  (14)  has  a  thickness  of  0.08  to  0.8  mm; 

to  each  of  the  electrode  layers  (18,  18)  has  a  circular  shape  and  a  diameter  of  not  more  than  7  mm;  and 
the  gas  diffusion  aperture  (12a)  has  a  diameter  of  10  to  50  urn. 
2.  An  oxygen  sensor  according  to  Claim  1,  in  which:  the  electrodes  (18,  18)  are  made  of  platinum;  the 

oxygen  ion  conductive  plate  (14)  is  made  of  a  solid  electrolytic  sintered  zirconia  based  material. 
3.  An  oxygen  sensor  according  to  Claim  2,  in  which  the  gas  diffusion  aperture  (12a)  has  a  length  of  1 

45  mm,  and  in  which  the  oxygen  ion  conductive  plate  (14)  has  a  thickness  of  about  0.5  m. 
4.  An  oxygen  sensor  according  to  Claim  3,  in  which  said  amorphous  glass  contains  70.6%  by  weight  of 

SiO2,  10.7%  of  BaO,  7.3%  of  Na2O,  5.7%  of  K2O,  2.8%  of  AI32O3  and  1.5%  of  Li2O. 
5.  Method  of  using  an  oxygen  sensor,  according  to  any  one  of  Claims  1  to  4,  for  determining  the  partial 

pressure  of  oxygen  in  a  monitored  gas  environment,  wherein 
so  the  heating  means  (22)  is  operated  to  maintain  the  oxygen  sensor  at  a  temperature  of  about  300°C  to 

about  450°C;  and  while  the  oxygen  sensor  is  maintained  at  the  temperature, 
an  electric  potential  is  applied  to  the  electrodes  (18,  18)  to  determine  the  partial  pressure  of  the  oxygen 

in  the  monitored  gas  environment. 
6.  A  method  according  to  Claim  5,  in  which  the  oxygen  sensor  is  maintained  at  a  temperature  of  about 

ss  350°C  to  about  450°C. 

Patentanspriiche 

1.  Sauerstoffsensor  zum  Bestimmen  des  Teildrucks  von  Sauerstoff  in  einer  uberwachten  gasformigen 
so  Umgebung,  welcher  ein  Diffusionsgehause  (12)  aus  auf  Zirkonerde  basiertem  Material  mit  einer 

Gasdiffusionsoffnung  (12a),  eine  Sauerstoff  leitende  Platte  (14)  aus  auf  Zirkonerde  basiertem  Material,  ein 
Paar  Schichtelektroden  (18,  18),  die  jeweils  an  der  gegenuberliegenden  Seite  der  leitenden  Platte  (14) 
angebracht  sind,  eine  Heizung  (22),  die  auf  dem  Gehause  befestigt  ist,  urn  den  Sensor  zu  heizen  und  auf 
einer  entsprechenden  Temperatur  zu  halten,  und  ein  Glasdichtungsmittel  (16)  a'ufweist,  welches  die 

65  leitende  Platte  (14)  an  der  einen  Seite  des  Gehauses  (12)  abdichtet,  urn  eine  Diffusionskammer  (12c)  zu 

6 
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bilden  welche  durch  das  Diffusionsgehause  (12)  und  die  leitende  Platte  (14)  begrenzt  wird,  wobei  die 

Elektroden  (18,  18)  mit  einer  Energiequelle  verbindbar  sind,  um  mit  elektrischer  Spannung  versorgt  zu 

werden,  um  Sauerstoffionen  aus  der  Diffusionskammer  (12c)  durch  die  leitende  Platte  (14)  zu  pumper.,  um 
einen  Strom  durch  die  Elektroden  (18,  18)  zu  erzeugen,  welcher  bezeichnend  fur  den  Teildruck  des 

5  Sauerstoffs  in  einer  uberwachten  gasformigen  Umgebung  ist,  dadurch  gekennzeichnet  dais 
das  Glasdichtungsmittel  (16)  aus  amorphem  Glas,  welches  Si20,  BaO  und  Na2O  enthalt,  durch 

Hinzufugen  von  Zirkonerdepulver  zu  dem  amorphen  Glas,  erzeugt  wird, 
das  Zirkonerdepulver  eine  PartikelgroSe  von  nicht  mehr  als  3  um  aufweist, 
das  Glasdichtungsmittel  (16)  zwischen  1—30  Gew.  %  Zirkonerde  enthalt, 

io  das  die  sauerstoffionenleitende  Platte  (14)  eine  Dicke  von  0,08—0,8  mm  aufweist, 
jede  der  Schichtelektroden  (18,  18)  eine  Kreisform  und  einen  Durchmesser  von  nicht  mehr  als  7  mm 

aufweist,  und  . 
die  Gasdiffusionsoffnung  (12a)  einen  Durchmesser  von  10-50  |im  aufweist. 
2  Sauerstoffsensor  nach  Anspruch  1,  dadurch  gekennzeichnet,  daS  die  Elektroden  (18,  18)  aus  Platin 

is  sind,  die  sauerstoffionenleitende  Platte  (14)  aus  einem  massiven  elektrolytisch  gesintertem  Material,  das 

auf  Zirkonerde  basiert,  b e s t e h t . . . .   , 
3  Sauerstoffsensor  nach  Anspruch  2,  dadurch  gekennzeichnet,  daS  die  Gasdiffusionsoffnung  (12a) 

eine  Lange  von  1  mm  und  die  sauerstoffionenleitende  Platte  (14)  eine  Dicke  von  ungefahr  0,5  mm  aufwe.s  . 
4.  Sauerstoffsensor  nach  Anspruch  3,  dadurch  gekennzeichnet,  dafc  das  amorphe  Glas  70,6  Gew.-  /o 

20  SiO,  10  7  Gew.-%  BaO,  7,3  Gew.-%  Na20,  5.7  Gew.-%  K20,  2,8  Gew.-%  AI2O3  und  1,5  Gew.-%  Li20  enthalt. 

5  Verfahren  zum  Anwenden  eines  Sauerstoffsensors  nach  einem  der  Anspruche  1—  4,  um  den 
Teildruck  von  Sauerstoff  in  einer  uberwachten  gasformigen  Umgebung  zu  bestimmen,  wobei  die  Heizung 
(22)  benutzt  wird,  um  den  Sauerstoffsensor  auf  einer  Temperatur  von  etwa  300°C  bis  ungefahr  450  C  zu 
halten,  und  -   wahrend  der  Sauerstoffsensor  auf  dieser  Temperatur  gehalten  wird  -   eine  elektrische 

25  Spannung  an  die  Elektroden  (18,  18)  gelegt  wird,  um  den  Teildruck  des  Sauerstoffs  in  der  uberwachten 

aasformiqen  Umgebung  zu  b e s t i m m e n . .  
6.  Verfahren  nach  Anspruch  5,  dadurch  gekennzeichnet,  dalS  der  Sauerstoffsensor  auf  einer  Temperatur 

von  ca.  350°C  bis  ca.  450°C  gehelten  wird. 

30  Revendications 

1.  Detecteur  d'oxygene  pour  determiner  la  pression  partielle  d'oxygene  dans  une  ambiance  gazeuse 
controlee,  comprenant:  ,.~\A  a-u  ..,;,,„  A*nw 

un  boitier  de  diffusion  (12)  en  matiere  a  base  de  zircone  ayant  une  ouverture  (12a)  de  diffusion  de  gaz, 
as  une  plaquette  (14)  conductrice  pour  les  ions  oxygene,  en  matiere  a  base  de  zircone; 

une  paire  de  couches  formant  des  electrodes  (18,  18)  montees  sur  les  faces  opposees  de  la  plaquette 
C°n  dUe°s  doyens'  de  chauffage  (22)  montes  sur  le  boitier  pour  chauffer  le  detecteur  et  le  maintenir  a  une 

40  
t6m  erune'matie're  v'i'treuse  (16)  joignant  de  maniere  etanche  ladite  plaquette  conductrice  (14)  par  une  de 

ses  faces  audit  boitier  (12)  pour  realiser  un  chambre  de  diffusion  (12c)  delimitee  par  ledit  bortier  de 

diffusion  (12)  et  ladite  plaquette  conductrice  (14),  . 
lesdites  electrodes  (18,  18)  pouvant  etre  reliees  a  une  source  d'energie  pour  reveyoir  un  potentiel 

electrique  afin  de  pomper  des  ions  oxygene  hors  de  ladite  chambre  de  diffusion  (12c)  a  travers  ladite 

45  plaquette  conductrice  (14)  afin  de  faire  passer  un  courant  a  travers  lesdites  electrodes  (18,  18),  ce  courant 
dormant  une  indication  de  la  pression  partielle  de  I'oxygene  dans  I'ambiance  gazeuse  controlee, 
caracterise  en  ce  que:  o.n  D  n  

la  matiere  vitreuse  d'etancheite  (16)  est  preparee  en  apportant  un  verre  amorphe  contenant  biO2,  bau 

et  Na2O  et  an  ajoutant  audit  verre  amorphe  une  poudre  de  zircone;  la  poudre  de  zircone  a  une 
so  granulometrie  ne  depassant  pas  3  micrometres; 

la  matiere  vitreuse  d'etancheite  (16)  contient  1  a  30%  en  poids  de  la  zircone; 
la  plaquette  (14)  conductrice  pour  les  ions  oxygene  a  une  epaisseur  de  0,08  a  0,8  mm; 
chacune  des  couches  (18,  18)  formant  des  electrodes  est  de  forme  circulaire,  avec  un  diametre  ne- 

depassant  pas  7  mm,  et 
55  I'ouverture  de  diffusion  de  gaz  (12a)  a  un  diametre  de  10  a  50  micrometres. 

2  Detecteur  d'oxygene  selon  la  revendication  1,  dans  lequel:  les  electrodes  (18,  18)  sont  en  platme  et  la 

plaquette  (14)  conductrice  pour  les  ions  oxygene  est  en  matiere  electrolytique  sohde  fnttee,  a  base  de 

^ ^ ^ e t e c t e u r   d'oxygene  selon  la  revendication  2,  dans  lequel  I'ouverture  de  diffusion  de  gaz  (12a)  a  une 
so  longueur  de  1  mm,  et  dans  lequel  la  plaquette  (14)  conductrice  pour  les  ions  oxygene  a  une  epaisseur 

V0IS4  detecteur  d'oxygene  selon  la  revendication  3,  dans  lequel  ledit  verre  amorphe  contient  70,6%  en 
poids  de  SiO2,  10,7%  de  BaO,  7,3%  de  Na2O,  5,7%  de  K20,  2,8%  de  AI2O3  et  1,5%  de  Li2O. 

5  Procede  utilisant  un  detecteur  d'oxygene  selon  I'une  quelconque  des  revendications  1  a  4  pour 
65  determiner  la  pression  partielle  d'oxygene  dans  une  ambiance  gazeuse  controlee,  dans  lequel: 
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on  fait  fonctionner  le  moyen  de  chauffage  (22)  pour  maintenir  le  detecteur  d'  oxygene  a  une 
temperature  allant  d'environ  300°C  a  environ  450°C;  et  pendant  que  le  detecteur  d'oxygene  est  maintenu  a 
la  temperature,  on  applique  un  potentiel  eiectrique  aux  electrodes  (18,  18)  pour  determiner  la  pression 
partieile  de  I'oxygene  dans  I'ambiance  gazeuse  controlee. 

6.  Procede  selon  la  revendication  5,  dans  lequel  le  detecteur  d'oxygene  est  maintenu  a  une 
temperature  allant  d'environ  350°C  a  environ  450°C. 
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