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Description 

FIELD  OF  THE  INVENTION 
This  invention  relates  to  electrolytic  cells,  and 

more  particularly  electrochemical  cells  employ- 
ing  a  gas-diffusion  electrode  such  as  oxygen 
cathodes  used  in  the  production  of,  particularly, 
chlorine  and  caustic  soda. 

BACKGROUND  OF  THE  INVENTION 
In  many  conventional  electrolytic  cells,  a 

separator  is  affixed  between  anode  and  cathode 
to  define  anode  and  cathode  compartments 
within  the  electrolytic  cell.  Generally,  differing 
electrolytes  are  present  in  each  of  these  com- 
partments.  For  example,  in  a  chlor  alkali  cell,  the 
anolyte  is  an  alkali  metal  chloride  and  the  catho- 
lyte  is  a  solution  of  hydroxide  of  the  alkali 
metal.  Depending  upon  the  hydraulic  premeabil- 
ity  of  the  separator,  the  catholyte  may  also 
include  quantities  of  the  alkali  metal  chloride 
salt. 

In  many  chlor  alkali  cells,  chlorine  is  evolved 
at  the  anode  while  hydrogen  gas  is  evolved  at 
the  cathode,  resulting  from  the  decomposition 
of  water  to  form  hydroxyl  groups  that  react  with 
alkali  metal  ions  crossing  the  separator.  In  the 
so-called  oxygen  cathode  cell,  oxygen  is  present 
with  an  electrocataiytic  material  at  the  cathode, 
and  the  oxygen  combines  with  hydrogen  ions 
being  evolved  to  reform  water.  The  energy 
associated  with  forming  gaseous  H2  is  thereby 
avoided,  resulting  in  substantial  power  savings 
in  operation  of  the  cell. 

In  a  typical  oxygen  cathode  cell,  the  anode 
and  the  oxygen  cathode  are  retained  indivi- 
dually  within  separate  frames.  These  frames  are 
separated  by  the  separator  and  surround  the 
anode  and  cathode  compartments.  Where  the 
separator  is  a  membrane,  the  membrane  is 
retained  between  the  frames.  Where  the 
separator  is  porous,  it  may  be  retained  between 
the  frames  or  be  separately  supported.  Where  a 
separator  is  retained  between  the  frames,  it  is 
often  separated  from  the  frames  by  a  gasket. 

In  a  typical  oxygen  cathode  cell,  a  sheet  like 
cathode  is  retained  upon  the  cathode  frame. 
Catholyte  contacts  one  surface  of  the  cathode, 
with  an  oxygen  containing  gas  contacting  the 
other  surface  of  the  cathode.  The  oxygen  con- 
taining  gas  typically  is  introduced  through 
passages  in  the  cathode  frame,  and  oxygen- 
depleted  gas  is  similarly  removed. 

Catholyte  typically  is  introduced  and  removed 
through  an  interposed  catholyte  feed  frame. 
This  catholyte  feed  frame  generally  is  positioned 
between  the  separator  and  the  cathode  frame, 
and  spaces  the  cathode  and  separator  one  from 
the  other.  This  spacing  contributes  to  an  ele- 
vated  voltage  in  operating  the  cell  due  to  the 
resistance  voltage  drop  of  electrical  current 
passing  through  catholyte  occupying  this  spac- 
ing  within  the  cell.  Could  this  spacing  attribut- 
able  to  the  thickness  of  a  separate  cathode  feed 
frame  be  eliminated  or  reduced,  considerable 

voltage  savings  could  be  achieved  in  the  opera- 
tion  of  the  electrochemical  cell. 

DISCLOSURE  OF  THE  INVENTION 
5  The  present  invention  provides  an  improve- 

ment  to  a  gas-diffusion  electrode  type  electroly- 
tic  cell.  A  gas-diffusion  electrode  cell  embodying 
the  invention  includes  anode  and  cathode  com- 
partments  divided  by  a  cell  separator.  A  sheet- 

10  form  gas-diffusion  electrode  is  positioned  within 
at  least  one  of  the  compartments.  Electrolyte  is 
contained  within  the  compartment  and  contacts 
a  surface  of  the  gas-diffusion  electrode  and  a 
surface  of  the  separator.  A  reactant  gas  is  con- 

15  tained  within  the  cell  structure  in  contact  with 
the  other  surface  of  the  gas-diffusion  electrode. 

According  to  the  invention  edge  portions  of 
the  gas-diffusion  electrode  are  received  in  a 
circumferential  channel  upon  the  electrode 

20  frame  and  compressibly  held  in  the  channel  by 
a  retainer  which  fits  in  the  channel  and  is 
secured  to  the  frame  by  at  least  one  fastener. 
The  frame  includes  passages  for  maintaining 
the  gas  adjacent  one  surface  of  the  gas  diffusion 

25  electrode  and  separate  passages  which  extend 
through  the  frame  and  through  the  retainer  for 
maintaining  electrolyte  adjacent  the  other  sur- 
face  of  the  gas  diffusion  electrode. 

In  preferred  embodiments,  the  gas-diffusion 
30  electrode  is  an  oxygen  cathode  employed  in  a 

chlor  alkali  cell.  The  separator  can  be  either  a 
porous  diaphragm  or  a  cation  permeable  mem- 
brane.  Spacing  between  the  separator  and  oxy- 
gen  cathode  can  be  maintained  sufficient  for 

35  flow  of  catholyte  into  and  out  of  the  contact 
with  the  cathode,  by  interposing  a  gasket 
between  the  separator  and  the  gas  diffusion 
electrode. 

Utilizing  the  cathode  frame  of  the  improved 
40  electrolytic  cell  of  the  invention,  a  separate 

cathode  feed  frame  interposed  between  the 
separator  and  cathode  frames  can  be  eliminated 
resulting  in  a  decreased  spacing  between 
oxygen  cathode  and  the  separator.  This  effec- 

ts  tively  reduces  spacing  between  the  anode  and 
cathode  within  the  ceil,  Permitting  operation  at 
a  reduced  voltage,  and  resulting  in  substantial 
power  savings  in  operation  of  the  cell. 

so  DESCRIPTION  OF  THE  DRAWINGS 
Figure  1  is  a  partial  cross-sectional  elevation 

view  taken  on  an  edge  of  an  improved  cell  of 
the  instant  invention. 

Figures  2a  and  2b  are  cross-sectional 
55  representations  of  one  configuration  of  electro- 

lyte  supply/withdrawal  passages. 
Figures  3a  and  3b  are  cross-sectional 

representations  of  another  configuration  of  elec- 
trolyte  supply/withdrawal  passage. 

60 
BEST  EMBODIMENT  OF  THE  INVENTION 

Referring  to  the  drawings.  Figure  1  shows  a 
partial  cross-sectional  representation  of  a  con- 
figuration,  taken  on  edge,  of  a  cell  10  embody- 

65  ing  a  narrow  gap  oxygen  cathode  construction. 
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'he  cell  includes  an  anode  12  retained  within  an 
mode  frame  14  and  an  oxygen  cathode  16 
etained  within  a  cathode  frame  18.  The  frames 
4,  18  are  separated  one  from  the  other  by  a 
eparator  21  .  The  separator  21  divides  the  interior 
if  the  cell  into  anode  and  cathode  compartments 
!3,  25,  respectively. 

The  anode  12  will  usually  beaforaminousvalve 
netal  such  as  titanium  coated  with  an  elec- 
rocatalyst  such  as  a  platinum  group  metal  oxide, 
hat  is  an  oxide  of  platinum,  rhodium,  iridium, 
>smium,  ruthenium  and  palladium,  perhaps 
nixed  with  an  oxide  of  a  valve  metal  such  as 
itanium,  zirconium,  hafnium,  tungsten,  tantalum, 
liobium,  vanadium  and  aluminum.  Suitable 
mode  materials  are  well  known  in  the  practice  of 
;hlor  alkali  production,  for  example. 

The  anode  12  also  includes  at  least  one  electric- 
ally  conductive  support  conductor  bar  12'  as  is 
veil  known  in  electrolytic  cell  technology.  Like- 
vise,  the  anode  frame  14,  generally  of  tubular 
orm,  is  fabricated  of  materials  capable  of  with- 
standing  the  corrosive  effects  of  contents  of  the 
mode  compartment. 

The  separator  21  may  be  either  hydraulicaliy 
Dermeable,  or  substantially  hydraulicaliy 
mpermeable,  that  is  either  a  diaphragm  or  a 
@nembrane.  For  a  cell  producing  chlorine,  dia- 
Dhragms  preferably  are  made  of  asbestos  fibers 
Dossibly  including  a  strengthening  binder  such  as 
:oadhered  polytetrafluoroethylene  fibers  or  zir- 
;onium  or  titanium  oxides. 

The  membranes  are  preferably  cation- 
sxchange  membranes  having  substantially 
resistance  to  the  movement  of  other  chemical 
species  such  as  hydroxyl  anions  or  radicals.  One 
suitable  membrane  is  comprised  of  a  perf- 
luorocarbon  copolymer.  Typically  such  perf- 
iuorocarbon  is  available  in  sheet  form  having 
particular  functional  groups  capable  of  imparting 
cation  exchange  functionality;  alternatively,  the 
perfluorocarbon  is  available  in  a  so-called  inter- 
mediate  form  having  functional  groups  which  are 
readily  converted  to  functional  groups  capable  of 
imparting  cation  exchange  properties  to  the  perf- 
luorocarbon. 

The  membrane  can  be  formed  by  extrusion, 
calendering,  solution  coating  or  the  like.  It  may  be 
advantageous  to  employ  a  reinforcing  framework 
within  the  copolymeric  material,  for  example  a 
TEFLON™  mesh  or  the  like.  Layers  of  copolymer 
containing  differing  pendant  functional  groups 
can  be  laminated  under  heat  and  pressure  in  well- 
known  processes  to  produce  a  membrane  having 
desired  functional  group  properties  at  each  mem- 
brane  surface  and  throughout  each  laminate.  For 
chlorine  generation  cells,  such  membranes  have 
a  thickness  generally  of  between  25.4  micro- 
meters  (1  mil)  and  3810  micrometers  (150  mils) 
with  a  preferable  range  of  from  101.6  micro- 
meters  (4  mils)  to  254  micrometers  (10  mils). 

The  equivalent  weight  range  of  the  copolymer 
intermediate  used  in  preparing  the  membrane  is 
important.  Where  lower  equivalent  weight  inter- 
mediate  copolymers  are  utilized,  the  membrane 

can  De  suDjeci  xo  aesiruuuve  chiciun  buui  ao 
dissolution  by  cell  chemistry.  When  an  exces- 
sively  elevated  equivalent  weight  copolymer 
intermediate  is  utilized,  the  membrane  may  not 

?  pass  cations  sufficiently  readily,  resulting  in  an 
unacceptably  high  electrical  resistance  in  oper- 
ating  the  cell.  It  has  been  found  that  copolymer 
intermediate  equivalent  weights  should  prefer- 
ably  range  between  about  1000  and  1500  for  the 

o  sulfonyl  based  membrane  materials  and  between 
about  900  and  1500  for  the  carbonyl  based  mem- 
brane  materials. 

The  membrane  21  is  retained  between  the 
anode  frame  14  and  the  cathode  frame  18  under 

5  compression.  Any  suitable  retention  means  can 
be  utilized.  One  or  more  gaskets  27,  28  are 
generally  utilized  for  sealing  and  protecting  the 
retained  membrane,  EPDM™,  Hypalon™  or 
Neoprene™  being  qenerally  acceptable  gasketing 

>o  material,  the  latter  two  being  marketed  by  E.I. 
duPont  de  Nemours  and  Company,  Inc. 

The  cathode  frame  18  includes  formed  circum- 
ferential  grooves  30,  or  channels  or  notches,  that 
receive  the  oxygen  cathode  16.  A  retainer  32 

>s  shaped  for  being  received  in  the  groove  30  retains 
the  oxygen  cathode  16  in  the  groove  30  thereby 
compressibly  positioning  and  retaining  the 
oxygen  cathode  16  upon  the  cathode  frame  18. 
Fastening  means,  such  as  screws  34,  are  thread- 

w  ably  received  upon  the  cathode  frame  18  for 
fastening  the  retainer  32  to  the  cathode  frame  18. 

The  cathode  frame  18  includes  at  least  one 
integral  gas  supply  passage  41  and  at  least  one 
integral  gas  return  passage  43.  As  may  be  seen 

is  readily  by  reference  to  Figure  1  ,  these  supply  and 
return  passages  incorporate  gas  flow  channels 
45,  46  in  gas  flow  communication  with  a  gas 
cathode  chamber  47  integral  to  the  cathode  frame 
1  8.  Using  the  passages  41  ,  43,  the  channels  45,  46 

to  and  the  chamber  47,  oxygen  containing  gas  can 
be  introduced  into  contact  with  a  surface  of  the 
oxygen  cathode  16  and  subsequently  withdrawn. 
Generally  a  single  passage  41,  43  will  be  serviced 
by  a  plurality  of  channels  45,  46. 

45  The  cathode  frame  1  8  also  includes  at  least  one 
passage  50  and  channel  51  for  introduction  and/or 
withdrawal  of  electrolyte  to  or  from  the  cathode 
compartment  25  in  contact  with  the  other  surface 
of  the  oxygen  cathode  16.  Typically  a'  single 

50  cathode  frame  18  will  include  several  gas  cathode 
chambers  47  and  oxygen  cathodes  16  all  serviced 
by  a  single  cathode  compartment  25.  Electrolyte 
is  introduced  e.g.  using  the  passage  50  and 
channel  51,  and  is  withdrawn  at  an  opposite  end 

55  (not  shown)  of  the  cathode  frame  18. 
Figures  2a  and  2b  show  how  a  plurality  of 

channels  51  are  connected  to  a  single  passage  50. 
Referring  to  Figures  3a  and  3b,  it  may  be  seen  that 
a  screw  34'  threadably  received  in  the  cathode 

60  frame  can  be  hollowed  to  yield  an  electrolyte 
passage  51'. 

For  convenience,  the  cathode  frame  18  can  be 
prepared  in  sections  18',  18"  joined  by  suitable 
means  for  use  as  a  unitary  cathode  frame.  The 

65  oxygen  cathode  16  is  spaced  from  the  separator 
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21  only  by  the  thickness  of  gasket  27  (if  used)  or  by 
a  space  sufficient  to  pass  a  requisite  quantity  of 
electrolyte.  No  separate  feed  frame  for  the  electro- 
lyte  is  required  that  would  increase  the  distance 
between  the  oxygen  cathode  16  and  the  separator 
21. 

The  oxygen  cathode  16  can  be  of  any  suitable 
configuration  Typically  for  a  chlor  alkali  cell,  the 
oxygen  cathode  is  a  laminate  of  polytetrafluoro- 
ethylene  wetproofing  layer  located  facing  the 
electrolyte  within  the  cathode  compartment  25, 
and  a  catalytic  layer  usually  including  carbon 
particles  having  an  adsorbed  metal  catalyst  and 
polytetrafluoroethylene  optionally,  ibrillated.  The 
oxygen  cathode  may  also  include  an  electrically 
conducting  grid.  While  the  cathode  16  may  be 
formed  as  a  single  sheet  spanning  the  entire 
cathode  frame  18,  it  may  also  be  separated  into  a 
plurality  of  discrete  sheetlets  each  retained  upon 
the  cathode  frame  to  cover  a  single  gas  chamber 
47. 

A  further  oxygen  cathode  can  be  accommo- 
dated,  positioned  adjacent  55  and  supplied  with 
gas  and  electrolyte  via  channels  45",  46",  51"  as 
shown  in  Figure  1.  For  a  porous  or  hydraulicaliy 
permeable  diaphragm,  only  one  electrolyte  with- 
drawal  passage  50  and  its  channels  51  may  be 
required,  electrolyte  being  supplied  by  flow  from 
the  anode  compartment  through  the  diaphragm. 
Equally,  where  a  membrane  separator  is 
employed,  it  may  be  desirable  to  provide  water 
addition  to  the  cathode  compartment  25  to  provide 
an  optimal  electrolyte  strength. 

It  should  be  apparent  that  the  described  cell 
configuration  can  be  reversed,  providing  a  gas 
anode.  In  such  an  event,  the  spacing  between  the 
separator  21  and  the  gas  anode  may  likewise  be 
reduced  by  employing  the  electrolyte  passages  of 
the  instant  invention  integral  to  the  electrode 
frame. 

Claims 

1.  gas-diffusion  electrode  type  electrolytic  cell 
having  anode  and  cathode  compartments  (23,  25) 
divided  by  a  cell  separator  (21  )  and  having  a  sheet- 
form  gas-diffusion  electrode  (16)  positioned 
spaced  from  the  separator  (21)  in  at  least  one  of  the 
compartments  with  electrolyte  in  contact  with  one 
surface  of  the  electrode  (16)  and  a  reactant  gas  in 
contact  with  the  other  surface  of  the  electrode  (16), 
the  gas-diffusion  electrode  (1  6)  being  retained  on  a 
frame  (18),  characterized  in  that  edge  portions  of 
the  gas-diffusion  electrode  (16)  are  received  in  a 
circumferential  channel  (30)  upon  the  electrode 
frame  (18)  and  compressibly  held  in  the  channel 
(30)  by  a  retainer  (32)  which  fits  in  the  channel  (30) 
and  is  secured  to  the  frame  by  at  least  one  fastener 
(34),  the  frame  (18)  including  passages  (41,  43)  for 
maintaining  the  gas  adjacent  one  surface  of  the 
gas  diffusion  electrode  (16)  and  separate  passages 
(51)  which  extend  through  the  frame  (18)  and 
through  the  retainer  (32)  for  maintaining  electro- 
lyte  adjacent  the  other  surface  of  the  gas  diffusion 
electrode  (16). 

2.  The  cell  of  claim  1,  wherein  the  fasteners  (34') 
are  hollow  and  comprise  at  least  a  portion  (51  ')  of 
the  integral  passages  by  which  the  electrolyte  is 
maintained  adjacent  the  gas-diffusion  electrode 

5  (16). 
3.  The  cell  of  claims  1  or  2,  comprising  a  gasket 

(27)  spacing  apart  the  separator  (21)  and  gas- 
diffusion  electrode  (16)  within  the  cell. 

4.  The  cell  of  claim  1,2  or  3,  which  is  a  chlor-alkali 
10  cell  wherein  the  gas-diffusion  electrode  is  an 

oxygen  cathode  (16). 

Patentanspruche 

15  1.  Elektrolysezelle  mit  Gasdiffusionselektrode 
und  mit  Anoden-  und  Kathodenabteilen  (23,  25), 
die  durch  einen  Zellenscheider  (21)  unterteilt  sind 
und  bei  der  eine  blattformige  Gasdiffusionselek- 
trode  (16)  im  Abstand  von  dem  Scheider  (21)  in 

20  mindestens  einem  der  Abteile  angeordnet  ist, 
wobei  Elektrolyt  eine  Flache  der  Elektrode  (16) 
kontaktiert  und  ein  Reaktionsmittelgas  in  Kontakt 
mit  der  anderen  Flache  der  Elektrode  (16)  steht, 
und  wobei  die  Gasdiffusionselektrode  (16)  von 

25  einem  Rahmen  (18)  gehalten  ist,  dadurch  gekenn- 
zeichnet,  daB  die  Randbereiche  der  Gasdiffusions- 
elektrode  (16)  in  einem  Umfangskanal  (30)  auf 
dem  Elektrodenrahmen  (18)  aufgenommen  und 
von  einem  Halter  (32),  der  in  den  Kanal  (30)  palSt, 

30  zusammendruckbar  in  dem  Kanal  (30)  gehalten 
und  durch  mindestens  einen  Befestiger  (34)  an 
dem  Rahmen  befestigt  sind,  dalS  der  Rahmen  (18) 
Durchlasse  (41,  43),  um  das  Gas  an  einer  Flache 
der  Gasdiffusionselektrode  (16)  zu  halten,  und 

35  separate  Durchlasse  (51)  besitzt,  die  sich  durch 
den  Rahmen  (18)  und  durch  den  Halter  (32) 
erstrecken,  um  Elektrolyt  an  der  anderen  Flache 
der  Gasdiffusionselektrode  zu  halten. 

2.  Zelle  nach  Anspruch  1,  wobei  die  Befestiger 
40  (34')  hohl  sind  und  mindestens  einen  Teil  (51  ')  der 

integralen  Durchlasse  aufweisen,  wodurch  den 
der  Elektrolyt  an  der  Gasdiffusionselektrode  (16) 
gehalten  wird. 

3.  Zelle  nach  Anspruch  1  oder  2,  mit  einer 
45  Dichtung  (27),  die  den  Scheider  (21)  und  die 

Gasdiffusionselektrode  (16)  in  der  Zelle  beabstan- 
det. 

4.  Zelle  nach  Anspruch  1,  2  oder  3,  die  eine 
Chloralkalizelle  ist,  bei  der  die  Gasdiffusionselek- 

50  trode  eine  Sauerstoffkathode  (16)  ist. 

Revendications 

1.  Cellule  d'electrolyse  du  type  a  electrode  a 
55  diffusion  de  gaz,  comportant  des  compartiments 

anodique  et  cathodique  (23,  25)  separes  par  un 
separateur  (21  )  et  qui  a  une  electrode  a  diffusion  de 
gaz  (16)  en  forme  de  feuille  placee  a  une  certaine 
distance  du  separateur  (21  )  dans  au  moins  I'un  des 

so  compartiments,  de  I'electrolyte  etant  en  contact 
avec  I'une  des  surfaces  de  I'electrode  (16)  et  un  gaz 
reactif  etant  en  contact  avec  I'autre  surface  de 
I'electrode  (16),  I'electrode  a  diffusion  de  gaz  (16) 
etant  retenue  sur  une  structure  de  support  (18), 

65  caracterisee  en  ce  que  des  portions  marginales  de 
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electrode  a  diffusion  de  gaz  (16)  sont  recues 
lans  un  passage  circonferentiel  (30)  sur  la  struc- 
ure  de  support  d'electrode  (18)  et  maintenues,  de 
aeon  a  pouvoir  subir  un  effort  de  compression, 
lans  le  passage  (30)  par  un  organe  de  retenue  5 
32)  qui  s'adapte  dans  le  passage  (30)  et  est 
issujetti  a  la  structure  de  support  par  au  moins  un 
irgane  de  fixation  (34),  la  structure  de  support 
18)  comportant  des  conduits  (41,  43),  destines  a 
naintenir  le  gaz  au  contact  d'une  surface  de  w 
'electrode  a  diffusion  de  gaz  (16),  et  des  conduits 
Spares  (51)  qui  s'etendent  a  travers  la  structure 
le  support  (18)  et  a  travers  I'organe  de  retenue 
32)  pour  maintenir  I'electrolyte  au  contact  de 
'autre  surface  de  I'electrode  a  diffusion  de  gaz  15 
16). 

2.  Cellule  seion  la  revenaicanon  i,  caracterisee 
n  ce  que  les  organes  de  fixation  (34')  sont  creux 
t  component  au  moins  une  partie  (51  ')  des 
onduits  qui  font  partie  integrante  de  la  structure 
le  support  d'electrode  et  par  lesquels  I'electrolyte 
ist  maintenu  au  contact  de  I'electrode  a  diffusion 
le  gaz  (16). 

3.  Cellule  selon  la  revendication  1  ou  2,  compre- 
lant  une  garniture  d'etancheite  (27)  qui  tient  le 
eparateur  (21)  et  I'electrode  a  diffusion  de  gaz 
16)  espaces  a  I'interieur  de  la  cellule. 

4.  Cellule  selon  I'une  quelconque  des  revendi- 
:ations  precedentes,  qui  est  une  cellule  chlore- 
ilcali  ou  I'electrode  a  diffusion  de  gaz  est  une 
:athode  a  oxygene  (16). 

It) 
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