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over  the  surface  of  the  electrode,  pore  sizes  of  the 
cathode  need  to  vary  accordingly.  This  balancing 
problem  is  a  reas  constraint  on  the  structure  of  the 
electrodes  and  the  operating  efficiency  of  the  cells. 

5  Such  diffusion  type  of  electrode  allows  only  small 
current  densities  of  p.e.  1  .09  kA/m2. 

More  recently,  oxygen-consuming  cathodes 
have  been  employed  which  permit  some  flow  of  liquid 
through  the  cathode.  U.S.  Patent  No.  4  376  691,  is- 

10  sued  March  15,  1983  to  O.  Lindstrom,  teaches  an 
oxygen  consuming  cathode  having  a  hydrophobic 
side  in  which  holes  can  be  made  in  upon  to  about  1  0% 
of  the  surface  area  to  permit  the  electrolyte  to  flow 
through  the  cathode. 

15  In  U.S.  Patent  No.  4  332  662,  issued  June  1  ,  1  982 
to  D.  Pouli  et  al,  a  conventional  hydrophobic  cath- 
ode  having  a  catalyst  bonded  with  polytetrafluoro- 
ethylene  has  openings  which  provide  an  open  area 
of  2  to  80%.  The  openings  are  holes  or  regions  of 

20  greater  hydrophilicity  which  permit  the  liquid  prod- 
uct  to  flow  through.  Both  of  these  patents  thus  re- 
quire  original  hydrophobic  cathodes  which  are  sub- 
sequently  modified. 

There  is  a  need,  therefore,  for  an  electrolytic  cell 
25  using  oxygen  consuming  cathodes  whose  operation 

overcomes  the  difficulties  and  disadvantages  of 
the  methods  of  the  prior  art. 

It  is  an  object  of  the  present  invention  to  provide 
a  process  for  operating  an  electrolytic  cell  which  is 

30  independent  of  oxygen  gas  and  liquid  diffusion 
rates. 

Another  object  of  the  present  invention  is  to  pro- 
vide  a  process  for  operating  an  oxygen-consuming 
electrolytic  cell  in  which  the  hydrostatic  pressure  is 

35  minimized  over  the  entire  cathode  area. 
An  additional  object  of  the  present  invention  is  to 

provide  a  process  for  operating  an  oxygen-consum- 
ing  electrolytic  cell  which  produces  concentrated 
solutions  of  alkali  metal  hydroxides. 

40  A  further  object  of  the  present  invention  is  to 
provide  a  process  for  operating  electrolytic  cells 
using  oxygen-consuming  cathodes  which  results  in 
low  voltages  while  employing  high  current  densities. 

A  still  further  object  of  the  present  invention  is  to 
45  provide  a  process  for  operating  electrolytic  cells 

using  oxygen-consuming  cathodes  in  the  absence 
of  a  substantial  accumulation  of  catholyte  liquor  in 
the  cathode  compartment. 

These  and  other  objects  of  the  present  invention 
50  are  accomplished  in  a  process  for  the  electrolysis 

of  an  aqueous  solution  of  an  alkali  metal  halide  in  an 
electrolytic  cell  have  an  anode  compartment  con- 
taining  at  least  one  anode,  a  cathode  compartment 
containing  at  least  one  cathode,  and  a  cation  ex- 

55  change  membrane  separating  the  anode  compart- 
ment  from  the  cathode  compartment,  the  process 
which  comprises: 

a)  feeding  the  aqueous  solution  of  an  alkali  metal 
60  halide  to  the  anode  compartment; 

b)  feeding  an  oxygen-containing  gas  to  the  cath- 
ode  compartment; 

c)  electrolyzing  the  alkali  metal  halide  solution  to 
produce  a  halogen  gas  and  alkali  metal  ions  in  the 

65  anode  compartment; 

Description 

This  invention  relates  to  the  use  of  specific  cath- 
odes  in  electrolytic  cells  for  the  production  of  chlo- 
rine  and  alkali  metal  hydroxides.  More  specifically, 
the  invention  relates  to  the  production  of  chlorine 
and  alkali  metal  hydroxides  employing  an  oxygen- 
containing  gas  in  the  cathode  compartment  of  an 
electrolytic  cell. 

In  theory,  the  use  of  oxygen  consuming  cathodes 
in  place  of  hydrogen  cathodes  in  chlor/alkali  elec- 
trolysis  should  significantly  reduce  the  energy  con- 
sumption  required.  For  example,  Schmid  and  Medic 
point  out  in  "Investigation  of  Oxygen-Consuming 
Cathodes  for  Use  in  Chlor/Alkaly  Electrolysis", 
Dechema  Monograph,  92,  1982,  pp.  335-347,  that 
fundamentally  the  oxygen  consuming  cathode  could 
save  up  to  a  maximum  of  1.23  volts  vs.  the  hydrogen 
evolving  cathode. 

Fundamental  and  practical  problems  have,  how- 
ever,  until  now,  prevented  the  commercialization  of 
oxygen  consuming  electrodes. 

There  are  two  traditional  methods  for  operating 
electrolytic  cells  employing  oxygen-consuming  cath- 
odes.  The  first  method  is  to  completely  immerse  the 
cathode  in  the  caustic  liquor,  spaced  apart  from  the 
separator  used.  Since  the  solubility  of  oxygen  in 
caustic  is  very  low,  the  rate  at  which  oxygen  can 
reach  the  cathode  is  low.  Therefore,  the  current 
densities  employed  in  the  operation  of  these  cells 
have  to  be  low,  usually  below  1  KA/m2.  Further,  be- 
cause  of  the  large  amounts  of  water  in  the 
catholyte,  the  propability  of  the  very  undesirable 
and  dangerous  reaction  evolving  hydrogen  is  high. 
In  order  to  overcome  this  hazard  it  is  envisaged  in 
U.S.  Patent  No.  4  488  947  to  diminish  the  size  of 
the  cathode  compartment  by  removing  the  concen- 
trated  aqueous  catholyte  liquor  produced  from  the 
compartment.  The  compartment  volume  filled  with  hy- 
drogen  therefor  is  smaller. 

In  the  second  traditional  method,  the  oxygen  con- 
suming  cathode  is  again  spaced  away  from  the  sepa- 
rator  with  caustic  liquor  between  the  separator  and 
the  cathode.  On  the  back  side  of  the  cathode,  oxy- 
gen,  air,  or  oxygen-enriched  air  is  supplied  in  a  gas 
filled  chamber.  The  oxygen-consuming  reaction  de- 
pends  upon  oxygen  diffusing  from  the  gas  side  of 
the  cathode  and  water  diffusing  from  the  liquid  side 
of  the  cathode  under  very  exact  hydrostatic  condi- 
tions.  The  cathode  does  not  permit  liquid  flow 
through  it.  In  U.S.  Patent  No.  4  486  276  there  is  de- 
scribed  such  diffusion  type  electrode,  the  reaction 
of  which  is  governed  i.a.  by  the  following  equation 

Na+  +  1/2  H2O  x  1/4  O2  +  e-->Na+  +  OH" 

The  cathode  must  be  hydrophobic  so  that  the  al- 
kali  metal  containing  solution  in  contact  with  the  ac- 
tive  catalyst  side  of  the  cathode  cannot  pass 
through  said  cathode  and  into  the  chamber  from 
which  air  or  oxygen  emanates.  For  the  complicated 
reactions  to  occur  properly,  the  hydrostatic  pres- 
sure  from  the  liquid  side  and  the  gas  pressure  from 
the  dry  side  of  the  cathode  need  to  be  in  balance 
and  as  the  hydrostatic  pressure  is  not  constant 



EP  0199  957  B1 

the  active  electrode  area  of  the  cathode,  that  is  the 
area  of  the  cathode  at  which  electrolysis  takes 
place.  The  cathode  is  therefore  exposed  to  a  gase- 
ous  atmosphere  over  at  least  70  percent,  prefera- 

5  bly  80  to  100  percent,  and  more  preferably  90  to  100 
percent  of  its  active  electrode  area;  that  is,  not 
more  than  30  percent  of  the  active  electrode  area  is 
immersed  in  the  concentrated  catholyte  liquor. 

During  the  operation  of  the  cell,  the  addition  of 
10  water  or  a  caustic  solution  to  the  cathode  compart- 

ment  generally  is  not  required  and  preferably  the 
only  water  added  to  the  cathode  compartment  is  that 
which  is  transferred  through  the  membrane.  To  pre- 
vent  damage  such  as  blistering  to  the  membrane 

15  during  the  cell  start-up  period,  it  may  be  necessary 
to  condition  the  membranes.  This  can  be  accom- 
plished  by  one  of  several  methods.  For  example,  the 
cathode  chamber  can  initially  be  filled  with  an  alkali 
metal  hydroxide  solution  to  wet  the  cathode,  the 

20  cathode-membrane  contact  area,  and  the  cathode 
side  of  the  membrane,  while  flushing  gases  such  as 
nitrogen  from  the  compartment.  The  catholyte  is 
then  drained  from  the  cathode  compartment  and  si- 
multaneously  an  oxygen  containing  gas  is  fed  to  fill 

25  the  cathode  compartment.  In  another  embodiment, 
during  the  initial  start-up  period,  the  cell  may  be  op- 
erated  at  low  current  densities,  for  example,  those 
below  about  1  kiloampere  per  square  meter.  During 
the  start-up  period,  the  current  density  is  gradually 

30  increased  until  the  cell  is  operating  at  the  desired 
current  density. 

In  a  preferred  embodiment  where  the  only  source 
of  liquid  to  the  cathode  compartment  is  by  transfer 
through  the  cation  exchange  membrane,  the  concen- 

35  tration  of  the  catholyte  liquor  produced  is  directly 
related  to  the  rate  at  which  water  is  transported 
through  the  membrane  during  cell  operations.  In 
membrane  cells,  this  rate  is  known  as  the  water 
transport  number.  Suitable  membranes  employed  in 

40  the  novel  process  of  the  present  invention  have 
water  transport  numbers  (WTN)  in  the  range  of 
from  about  2  to  about  7.  These  water  transport  num- 
bers  are  related  to  the  desired  concentration  of  the 
alkali  metal  hydroxide  solution  and  the  current  effi- 

45  ciencies  achieved.  For  example,  where  a  solution 
of  sodium  hydroxide  containing  50%  or  greater  by 
weight  of  NaOH  is  being  produced,  a  membrane 
having  a  water  transport  number  of  at  least  2,  for 
example  from  about  2.3  to  about  2.6  is  required  at 

50  operating  current  efficiencies  in  the  range  of  about 
80%  to  about  95%.  Similarly,  at  membrane  water 
transport  numbers  in  the  range  of  from  about  5.8  to 
about  6.8,  a  sodium  hydroxide  solution  containing 
about  25%  by  weight  of  NaOH  is  produced. 

55  Cation  exchange  membranes,  which  can  be  em- 
ployed  as  the  separator  in  the  process  of  the 
present  invention,  are  inert,  flexible  membranes, 
which  are  substantially  impervious  to  the  hydrody- 
namic  flow  of  the  electrolyte  and  the  passage  of  gas 

60  products  produced  in  the  cell.  Suitably  used,  for  ex- 
ample,  are  those  comprised  of  fluorocarbon  poly- 
mers  having  a  plurality  of  pendant  sulfonic  acid 
groups  or  carboxylic  acid  groups  or  mixtures  of  sul- 
fonic  acid  groups  and  carboxylic  acid  groups.  The 

65  terms  "sulfonic  acid  group"  and  "carboxylic  acid 

d)  passing  the  alkali  metal  ions  and  water  through 
the  cation  exchange  membrane  into  the  cathode  com- 
partment; 

e)  contacting  a  hydrophilic  porous  cathode  with 
the  alkali  metal  ions,  the  water  and  the  oxygen-con- 
taining  gas  to  produce  a  concentrated  alkali  metal 
hydroxide  solution,  the  concentrated  alkali  metal  hy- 
droxide  solution  flowing  through  the  hydrophilic  po- 
rous  cathode;  and 

f)  removing  the  concentrated  alkali  metal  hydrox- 
ide  solution  from  the  cathode  compartment  to  pre- 
vent  a  substantial  accumulation  of  the  concentrated 
alkali  metal  hydroxide  solution  in  the  cathode  com- 
partment. 

The  novel  process  of  the  present  invention  elec- 
trolyzes  aqueous  alkali  metal  halide  solutions  such 
as  alkali  metal  chlorides  or  bromides,  over  a  wide 
range  of  current  densities.  For  example,  in  the  elec- 
trolysis  of  alkali  metal  chloride  brines  such  as  sodi- 
um  chloride,  where  the  NaCI  concentration  is  from 
about  150  to  about  300  grams  per  liter,  and  prefera- 
bly  from  about  170  to  220  grams  per  liter,  current 
densities  of  at  least  about  2,  for  example  from  about 
2  to  about  8  kiloamperes  per  square  meter  of  mem- 
brane  surface  area  may  be  employed.  Preferred 
current  densities  are  those  in  the  range  of  from 
about  2.5  to  about  5  kiloamperes  per  square  meter, 
with  the  more  preferred  range  being  from  about  3  to 
about  4  kiloamperes  per  square  meter.  Current 
densities  above  about  8  may  be  employed  if  de- 
sired.  During  cell  operation,  the  anode  compart- 
ment  and  the  cathode  compartment  are  maintained  at 
substantially  the  same  temperatures,  for  example, 
temperatures  in  the  range  of  from  about  60°  to 
about  95°C. 

In  the  anode  compartment,  halogen  gases  such 
as  chlorine  or  bromine  are  produced  as  well  as  alkali 
metal  cations  such  as  sodium  or  potassium.  During 
cell  operation,  the  alkali  metal  cations  and  water  are 
transported  from  the  anode  compartment  through 
the  cation  exchange  membrane  to  the  cathode  com- 
partment. 

The  production  of  the  concentrated  alkali  metal 
hydroxide  solution  (catholyte  liquor)  in  the  cathode 
compartment  is  the  result  of  the  combination  of  hy- 
droxide  ions,  formed  by  decomposition  of  the  water 
which  is  transported  through  the  membrane  or  add- 
ed  to  the  cathode  compartment,  with  the  alkali  metal 
ions.  The  immediate  and  continuous  removal  of  the 
catholyte  liquor  as  it  is  produced  enables  the  cell  to 
be  operated  substantially  catholyteless  and  without 
the  cathode  or  the  membrane  on  the  cathode  side 
being  immersed  in  a  substantial  body  of  catholyte  liq- 
uor.  This  continual  draining  of  the  alkali  metal  hy- 
droxide  solution  permits  the  cell  to  be  operated  to 
produce  maximum  concentrations  of  alkali  metal  hy- 
droxide  for  the  cation  exchange  membrane  and  the 
current  density  employed,  as  there  is  no  additional 
dilution  of  the  catholyte  liquor  in  the  cathode  com- 
partment.  The  amount  of  catholyte  liquor  remaining 
in  the  cathode  compartment  during  operation  of  the 
cell  is  less  than  about  30  percent  by  volume.  Pref- 
erably  the  level  of  concentrated  alkali  metal  hydrox- 
ide  in  the  cell  during  operation  is  maintained  below 
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ments  by  applying  a  metal  such  as  silver,  nickel,  alu- 
minum,  palladium  or  their  alloys  by  known  proce- 
dures.  The  electroconductive  metals  are  then  de- 
posited  on  the  sensitized  filaments. 

5  Suitable  reticulate  electrodes  and  methods  for 
their  fabrication  are  described  in  U.S.  Patent 
4,370,214,  issued  January  25,  1983,  to  I.V.  Kadija 
which  is  incorporated  herein  in  its  entirety  by  refer- 
ence. 

10  Hydrophilic  cathodes  employed  in  the  process  of 
the  present  invention  permit  liquid  flow  through  the 
cathode  over  the  entire  active  electrode  areaThis 
free  flow  of  liquid  through  the  cathode  substantially 
prevents  the  build  up  of  hydrostatic  pressure 

15  across  the  cathode. 
The  oxygen-containing  gas  supplied  to  the  cath- 

ode  compartment  may  be  oxygen,  air,  and  mixtures 
thereof.  When  a  gas  containing  air  is  used,  it  is  ad- 
visable  to  remove  CO2  contained  therein,  by  known 

20  means  such  as  scrubbing  in  a  caustic  solution,  prior 
to  feeding  the  gas  to  the  cathode  compartment. 

Any  commercially  available  anodes  for  use  in,  for 
example,  chlor-alkali  electrolytic  cells  may  be  em- 
ployed  in  the  electrolytic  cell  and  process  of  the 

25  present  invention.  These  include  anodes  of  graph- 
ite  or  a  foraminous  valve  metal  such  as  titanium  or 
tantalum  having  an  electrochemically  active  coating 
over  at  least  a  portion  of  the  anode  surface.  Suit- 
able  coatings  include  those  of  a  platinum  group  met- 

30  al,  platinum  group  metal  oxide,  an  alloy  of  a  platinum 
group  metai  or  mixtures  thereof.  The  term  "platinum 
group  metal"  means  an  element  of  the  group  consist- 
ing  of  ruthenium,  rhodium,  platinum,  palladium,  os- 
mium  and  irridium.  Coatings  containing  mixtures  of 

35  valve  metal  oxides  such  as  titanium  oxides  and  plati- 
num  group  metal  oxides  such  as  ruthenium  oxide  are 
described  in  U.S.  Patent  No.  3,632,498  issued  to 
H.  B.  Beer  on  January  4,  1  972.  Other  anodes  which 
may  be  employed  include  those  described  in  U.S. 

40  Patent  Nos.  4,333,805,  issued  June  8,  1982,  to  C. 
R.  Davidson  et  al;  4,240,887,  issued  December  23, 
1980,  to  D.  E.  Hall;  4,200,515,  issued  April  29,  1980, 
to  D.  E.  Hall  et  al;  4,042,484,  issued  August  16, 
1977,  to  G.  Thiele  et  al;  3,962,068,  issued  June  8, 

45  1976,  to  D.  Zoellner  et  al;  and  3,992,280,  issued  No- 
vember  16,  1976,  to  D.  Zoellner  et  al. 

By  employing  the  novel  process  of  the  present  in- 
vention,  it  is  possible  to  reduce  the  cell  voltage  sub- 
stantially;  to  reduce  the  volume  of  the  cathode  com- 

50  partment;  eliminate  liquid  addition  to  the  cathode 
compartment;  eliminate  catholyte  gas  disengaging 
means;  and  eliminate  recirculation  means  such  as 
downcomers  and  upcomers  from  the  cathode  com- 
partmentThese  reductions  and  eliminations  sub- 

55  stantially  reduce  the  material  and  capital  costs  of  an 
electrolytic  membrane  cell  while  permitting  an  in- 
crease  in  productivity  per  unit  area  of  floor  space. 

Operation  of  the  process  of  the  present  inven- 
tion  is  free  of  the  requirements  for  balancing  the  hy- 

60  drostatic  pressures  and  gas  pressures  in  the  cath- 
ode  compartment  and  permits  the  use  of  increased 
current  densities. 

The  novel  electrolytic  process  of  the  present  in- 
vention  produces  catholyte  liquor  which  is  at  the 

65  maximum  concentration  permitted  by  the  membranes 

group"  are  meant  to  include  salts  of  sulfonic  acid  or 
salts  of  carboxylic  acid  which  are  suitably  convert- 
ed  to  or  from  the  acid  groups  by  processes  such  as 
hydrolysis.  Suitable  cation  exchange  membranes 
are  sold  commercially  by  E.I.  DuPont  de  Nemours 
and  Company  under  the  trademark  "Nafion";  by  the 
Asahi  Glass  Company  under  the  trademark 
"Flemion";  and  by  the  Asahi  Chemical  Co.  under  the 
trademark  "Aciplex". 

The  cation  exchange  membrane  may  be  posi- 
tioned,  for  example,  vertically  or  horizontally  to  sep- 
arate  the  anode  compartment  from  the  cathode  com- 
partment,  with  preference  being  given  to  vertical 
positioning.  The  cathode  is  placed  in  contact  with 
the  membrane  and  the  anode  may  also  be  placed  in 
contact  with  the  membrane,  if  desired,  to  reduce 
power  consumption. 

Suitable  hydrophilic  cathodes  employed  in  the 
electrolytic  cell  of  the  present  invention  include 
those  having  at  least  one  catalytically  active  materi- 
al  including,  for  example,  porous  materials  such  as 
those  of  a  Raney  metal  (e.g.  silver),  porous  graph- 
ite,  platinum  or  a  platinum  group  metal,  or  permeable 
catalytic  electrodes  such  as  those  having  cathode 
catalyst  materials  atttached  to  or  embedded  in  the 
membrane.  The  cathodes  which  can  be  employed 
permit  the  flow  of  water  through  the  cathode,  for  ex- 
ample,  at  a  rate  of  at  least  5  milligrams  per  square 
centimeter  per  minute,  and  preferably  at  from  about 
10  to  about  20  milligrams  per  square  centimeter  per 
minute.  This  rate  is  determined  by  collecting,  for  a 
given  period  of  time,  the  alkali  metal  hydroxide  prod- 
uct  and  determining  the  product  weight  and  its  con- 
centration  of  alkali  metal  hydroxide  in  percent  by 
weight.  The  weight  of  alkali  metal  hydroxide  is  calcu- 
lated  and  subtracted  from  the  total  product  weight. 
The  weight  of  water  obtained  is  then  divided  by  the 
collection  time. 

One  preferred  cathode  embodiment  comprises  an 
air  (or  oxygen)  depolarized  cathode  which  is  hy- 
drophilic  and  stable  in  concentrated  alkali  metal  hy- 
droxide  solutions.  The  cathode  has  a  low  load  of 
platinum  or  a  platinum  group  metal  and  may  include 
as  an  electrode  support  a  conductive  metal  screen 
such  as  that  of  nickel  or  cobalt  which  may  have  de- 
posited  thereon  a  matrix  of  a  material  such  as  graph- 
ite  having  a  catalyst  such  as  silver  or  platinum 
group  metal  embedded  therein. 

Other  suitable  cathodes  include  highly  porous  re- 
ticulate  cathodes  comprised  of  electroconductive 
filaments  and  having  a  means  of  applying  an  electri- 
cal  potential  to  the  filaments.  The  filaments  may  be 
those  of  the  electroconductive  metals  themselves, 
for  example,  nickel,  titanium,  platinum,  or  steel,  or  of 
materials  which  can  be  coated  with  an  electrocon- 
ductive  metal.  Materials  which  can  be  coated  with 
these  electroconductive  metals  include,  for  exam- 
ple,  metals  such  as  silver,  titanium,  or  copper;  plas- 
tics  such  as  polyarylene  sulfides,  polyolefins  pro- 
duced  from  olefins  having  2  to  about  6  carbon  at- 
oms  and  their  chloro-  and  fluoro-  derivatives, 
nylon,  melamine  resins,  acrylonitrile-butadiene-sty- 
rene  (ABS)  copolymers,  and  mixtures  thereof. 

Where  the  filaments  are  nonconductive  to  elec- 
tricity,  it  may  be  necessary  to  sensitize  the  fila- 
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employed.  For  example,  where  the  catholyte  liquor 
is  sodium  hydroxide,  the  catholyte  concentration  is 
at  least  about  25  percent,  and  preferably  from 
about  30  to  about  50  percent  by  weight  of  NaOH. 

The  novel  process  of  the  present  invention  is  il- 
lustrated  by  the  following  EXAMPLES  without  any 
intention  of  being  limited  thereby. 

Claims 

1.  A  process  for  the  electrolysis  of  an  aqueous 
solution  of  an  alkal  metal  halide  in  an  electrolytic  cell 

5  having  an  anode  compartment  containing  at  least 
one  anode,  a  cathode  compartment  containing  at 
least  one  cathode,  and  a  cation  exchange  membrane 
separating  said  anode  compartment  from  said  cath- 
ode  compartment,  said  process  which  comprises: 

10  a)  feeding  said  aqueous  solution  of  an  alkali  metal 
halide  to  said  anode  compartment; 
b)  feeding  an  oxygen-containing  gas  to  said  cath- 
ode  compartment; 
c)  electrolyzing  said  alkali  metal  halide  solution  to 

15  produce  a  halogen  gas  and  alkali  metal  ions  in 
said  anode  compartment; 
d)  passing  said  alkali  metal  ions  and  water 
through  said  cation  exchange  membrane  into  said 
cathode  compartment; 

20  e)  contacting  a  hydrophilic  porous  cathode  with 
said  alkali  metal  ions,  said  water  and  said  oxygen- 
containing  gas  to  produce  a  concentrated  alkali 
metal  hydroxide  solution,  said  concentrated  alkali 
metal  hydroxide  solution  flowing  through  said  hy- 

25  drophilic  porous  cathode;  and 
f)  removing  said  concentrated  alkali  metal  hydrox- 
ide  solution  from  said  cathode  compartment  to 
prevent  a  substantial  accumulation  of  said  con- 
centrated  alkali  metal  hydroxide  solution  in  said 

30  cathode  compartment. 
2.  The  process  of  claim  1  in  which  said  alkali  metal 

halide  is  an  alkali  metal  chloride  or  an  alkali  metal 
bromide. 

3.  The  process  of  claims  1  and  2  in  which  said  wa- 
35  ter  flows  through  said  hydrophilic  porous  cathode 

at  a  rate  of  at  least  5  milligrams  per  square  centime- 
ter  per  minute. 

4.  The  process  of  claims  1  to  3  in  which  said  con- 
centrated  alkali  metal  hydroxide  solution  is  sodium 

40  hydroxide  having  a  concentration  of  at  least  about 
25%  by  weight  of  NaOH. 

5.  The  process  of  claims  1  to  4  in  which  said  oxy- 
gen-containing  gas  is  selected  from  the  group  con- 
sisting  of  oxygen,  air,  and  mixtures  thereof. 

45  6.  The  process  of  claims  1  to  5  in  which  said  elec- 
trolysis  is  conducted  at  a  current  density  of  from 
about  2  to  about  8  kiloamperes  per  square  meter  of 
membrane  surface. 

7.  The  process  of  claims  1  to  6  in  which  at  least  70 
50  per  cent  of  the  active  electrode  area  of  said  hy- 

drophilic  porous  cathode  is  not  immersed  in  said 
concentrated  alkali  metal  hydroxide  solution. 

8.  The  process  of  claims  1  to  7  in  which  said  cation 
exchange  membrane  contacts  said  hydrophilic  po- 

55  rous  cathode. 
9.  The  process  of  claims  1  to  8  in  which  said  cation 

exchange  membrane  is  positioned  vertically  be- 
tween  said  anode  compartment  and  said  cathode 
compartment. 

60  1  0.  The  process  of  claims  1  to  8  in  which  said  cati- 
on  exchange  membrane  is  positioned  horizontally  be- 
tween  said  anode  compartment  and  said  cathode 
compartment. 

1  1  .  The  process  of  claims  1  to  1  0  in  which  said  wa- 
65  ter  flows  through  said  porous  cathode  at  a  rate  of 

EXAMPLE  1 

An  electrolytic  cell  having  an  ACIPLEX  ®  F(532) 
cation  exchange  membrane  (WTN  =  4.0)  vertically 
separating  the  anode  compartment  from  the  cathode 
compartment  was  constructed.  The  cell  employed 
as  the  anode  a  porous  titanium  mesh  having  a  mix- 
ture  of  ruthenium  oxide  and  titanium  oxide  as  the 
electrochemically  active  coating.  The  anode  was 
spaced  apart  from  the  cathode.  An  electrolyte  po- 
rous  hydrophilic  low  platinum  loaded  (0.50  mg/cm2 
±10%)  air  cathode  was  employed  as  the  cathode. 
The  cathode  was  placed  in  contact  with  the  mem- 
brane.  Sodium  chloride  brine  was  continuously  fed 
to  the  anode  compartment  to  provide  an  anolyte 
having  a  NaCI  concentration  of  196  grams  per  liter 
with  the  depleted  anolyte  being  continuously  re- 
moved  from  the  anode  compartment.  Prior  to  cell 
startup,  the  cathode  compartment  was  filled  with 
35%  NaOH.  The  caustic  solution  was  drained  from 
the  cathode  compartment  and  oxygen  gas  fed  into 
the  cathode  compartment.  Electric  current  at  a  cur- 
rent  density  of  3  kiloamps  per  square  meter  was 
passed  through  the  cell.  Chlorine  gas  was  produced 
at  the  anode.  The  NaOH  solution,  at  an  average 
concentration  of  33.8  percent,  was  removed  from 
the  bottom  of  the  cell  at  a  rate  which  prevented  an 
accumulation  of  caustic  product  in  the  cathode  com- 
partment.  The  rate  of  water  which  flowed  through 
the  cathode  was  determined  to  be  13  milligrams  per 
square  centimeter  per  minute.  The  cell  was  operat- 
ed  for  a  period  of  10  days  at  an  average  cell  voltage 
of  2.16  volts,  a  current  efficiency  of  94.9%  and  a 
power  consumption  of  1525  kilowatt  hours  per  metric 
ton  of  NaOH. 

EXAMPLE  2 

An  electrolytic  cell  was  constructed  having  as 
the  cation  exchange  membrane  ACIPLEX  ®  F(582) 
(WTN  =  4.2)  positioned  horizontally  in  the  cell.  The 
anode  and  cathode  employed  were  identical  to  those 
used  in  Example  1  and  both  contacted  the  cation  ex- 
change  membrane.  Sodium  chloride  brine  was  fed  to 
and  removed  from  the  anode  compartment  to  main- 
tain  the  anolyte  concentration  at  208  grams  per  liter 
of  NaCI.  Current  was  passed  at  a  current  density 
of  3.0  KA/m2  to  continuously  produce  chlorine  gas 
and  an  alkali  metal  hydroxide  solution  having  an  av- 
erage  concentration  35.9%  by  weight  of  NaOH. 
During  the  2  days  of  cell  operation,  the  cell  voltage 
averaged  2.07  volts  with  the  current  efficiency  av- 
eraging  94.0%,  and  a  power  consumption  of  1476 
kilowatt  hours  per  metric  ton  of  NaOH. 



EP  0199  957  B1 10 

in  welchem  besagte  Kationenaustauschmembran  be- 
sagte  hydrophile  porose  Kathode  kontaktiert. 

9.  Das  Verfahren  nach  den  Anspruchen  1  bis  8, 
in  welchem  besagte  Kationenaustauschmembran 

5  senkrecht  zwischen  besagter  Anodenkammer  und 
besagter  Kathodenkammer  angeordnet  ist. 

10.  Das  Verfahren  nach  den  Anspriichen  1  bis  8, 
in  welchem  besagte  Kationenaustauschmembran  ho- 
rizontal  zwischen  besagter  Anodenkammer  und  be- 

1  o  sagter  Kathodenkammer  angeordnet  ist. 
11.  Das  Verfahren  nach  den  Anspruchen  1  bis  10, 

in  welchem  besagtes  Wasser  mit  einer  Geschwindig- 
keit  von  ca.  10  bis  ca.  20  mg  pro  cm2  pro  Minute 
durch  besagte  porose  Kathode  flieBt. 

15  12.  Das  Verfahren  nach  den  Anspruchen  1  bis  11, 
in  welchem  besagte  konzentrierte  Alkalimetallhydro- 
xidlosung  auf  einem  Pegel  unterhalb  der  aktiven 
Elektrodenflachen  besagter  hydrophiier  poroser 
Kathode  gehalten  wird. 

20 
Revendications 

1.  Procede  pour  I'electrolyse  d'une  solution 
aqueuse  d'un  halogenure  de  metal  alcalin  dans  une 

25  cellule  d'electrolyse  comportant  un  compartiment 
anodique  contenant  au  moins  une  anode,  un  compar- 
timent  cathodique  contenant  au  moins  une  cathode, 
et  une  membrane  d'echange  de  cations  separant  le- 
dit  compartiment  anodique  dudit  compartiment  catho- 

30  dique,  ce  procede  comprenant: 
a)  I'introduction  de  ladite  solution  aqueuse  d'un 
halogenure  de  metal  alcalin  pour  aiimenter  le  com- 
partiment  anodique; 
b)  I'introduction  d'un  gaz  contenant  de  I'oxygene 

35  pour  aiimenter  ledit  compartiment  cathodique; 
c)  I'electrolyse  de  ladite  solution  d'halogenure  du 
metal  alcalin  pour  produire  un  halogene  gazeux  et 
des  ions  d'un  metal  alcalin  ou  de  metaux  alcalins 
dans  ledit  compartiment  anodique; 

40  d)  le  passage  desdits  ions  de  metal  alcalin  et  de 
I'eau  a  travers  la  membrane  d'echange  de  cations 
pour  les  faire  penetrer  dans  le  compartiment  ca- 
thodique; 
e)  la  mise  en  contact  d'une  cathode  poreuse  hy- 

45  drophile  avec  lesdits  ions  de  metal  alcalin,  ladite 
eau  et  ledit  gaz  contenant  de  I'oxygene  pour  pro- 
duire  une  solution  concentree  d'hydroxyde  de  me- 
tal  alcalin,  ladite  solution  concentree  d'hydroxyde 
de  metal  alcalin  traversant  ladite  cathode  poreu- 

50  se  hydrophile;  et 
f)  I'enlevement  de  ladite  solution  concentree  d'hy- 
droxyde  de  metal  alcalin  dudit  compartiment  catho- 
dique  pour  eviter  une  forte  accumulation,  dans  le- 
dit  compartiment  cathodique,  de  ladite  solution 

55  concentree  d'hydroxyde  de  metal  alcalin. 
2.  Procede  selon  la  revendication  1,  dans  lequel 

ledit  halog§nure  de  metal  alcalin  est  un  chlorure  de 
metal  alcalin  ou  un  bromure  de  metal  alcalin. 

3.  Procede  selon  les  revendications  1  et  2,  dans 
60  lequei  ladite  eau  s'ecoule  a  travers  ladite  cathode 

hydrophile  poreuse,  a  un  debit  ou  un  taux  d'au  moins 
5  mg  par  centimetre  carre  par  minute. 

4.  Procede  selon  les  revendications  1  a  3,  dans 
lequel  ladite  solution  concentree  d'un  hydroxyde  de 

65  metal  alcalin  est  de  I'hydroxyde  de  sodium  ayant  une 

from  about  10  to  about  20  milligrams  per  square  cen- 
timeter  per  minute. 

1  2.  The  process  of  claims  1  to  1  1  in  which  said  con- 
centrated  alkali  metal  hydroxide  solution  is  main- 
tained  at  a  level  below  the  active  electrode  areas  of 
said  hydrophilic  porous  cathode. 

Patentanspriiche 

1.  Verfahren  zur  Elektrolyse  einer  waBrigen  L6- 
sung  eines  Alkalimetallhalogenids  in  einer  elektro- 
lytischen  Zelle  mit  einer  Anodenkammer,  enthaltend 
mindestens  eine  Anode,  mit  einer  Kathodenkammer, 
enthaltend  mindestens  eine  Kathode,  und  einer  Ka- 
tionenaustauschmembran,  welche  die  Anodenkam- 
mer  von  der  Kathodenkammer  abtrennt,  welches 
Verfahren  die  folgenden  Schritte  umfaBt: 

a)  Einspeisen  besagter  waBriger  Losung  eines  Al- 
kalimetallhalogenids  in  besagte  Anodenkammer; 
b)  Einspeisen  eines  sauerstoffhaltigen  Gases  in 
besagte  Kathodenkammer; 
c)  Elektrolysieren  besagter  Alkalimetallhalogenid- 
losung  unter  Bildung  eines  Halogengases  und 
von  Alkalimetallionen  in  besagter  Anodenkammer; 
d)  Durchleiten  besagter  Alkalimetallionen  und 
von  Wasser  durch  besagte  Kationenaustausch- 
membran  in  besagte  Kathodenkammer; 
e)  Kontaktieren  einer  hydrophilen  porosen  Katho- 
de  mit  besagten  Alkalimetallionen,  besagtem  Was- 
ser  und  besagtem  sauerstoffhaltigen  Gas  unter 
Herstellung  einer  konzentrierten  Alkalimetallhy- 
droxidlosung,  wobei  besagte  konzentrierte  Alkali- 
metallhydroxidlosung  durch  besagte  hydrophile 
porose  Kathode  hindurchflieBt;  und 
f)  Entfernen  besagter  konzentrierter  Alkalime- 
tallhydroxidlosung  aus  besagter  Kathodenkam- 
mer,  urn  eine  wesentliche  Ansammlung  besagter 
konzentrierter  Alkalimetallhydroxidlosung  in  be- 
sagter  Kathodenkammer  zu  verhindern. 
2.  Das  Verfahren  nach  Anspruch  1,  in  welchem 

besagtes  Alkalimetallhalogenid  ein  Alkalimetallchlo- 
rid  Oder  ein  Alkaiimetallbromid  ist. 

3.  Das  Verfahren  nach  den  Anspruchen  1  und  2, 
in  welchem  besagtes  Wasser  durch  besagte  hydro- 
phile  porose  Kathode  mit  einer  Geschwindigkeit  von 
mindestens  5  mg  pro  cm2  pro  Minute  flieBt. 

4.  Das  Verfahren  nach  den  Anspruchen  1  bis  3, 
in  welchem  besagte  konzentrierte  Alkalimetallhydro- 
xidlosung  Natriumhydroxid  mit  einer  Konzentration 
von  mindestens  ca.  25  Gewichtsprozent  NaOH  ist. 

5.  Das  Verfahren  nach  den  Anspruchen  1  bis  4, 
in  welchem  besagtes  sauerstoffhaltiges  Gas  ausge- 
wahlt  ist  aus  der  Gruppe  bestehend  aus  Sauer- 
stoff,  Luft  und  Mischungen  davon. 

6.  Das  Verfahren  nach  den  Anspruchen  1  bis  5, 
in  welchem  besagte  Elektrolyse  bei  einer  Strom- 
dichte  von  ca.  2  bis  8  Kiloampere  pro  m2  der  Mem- 
branoberflache  durchgefuhrt  wird. 

7.  Das  Verfahren  nach  den  Anspruchen  1  bis  6, 
in  welchem  mindestens  70%  der  aktiven  Elektroden- 
flache  besagter  hydrophiier  poroser  Kathode  nicht 
in  besagte  konzentrierte  Alkalimetallhydroxidlosung 
eintauchen. 

8.  Das  Verfahren  nach  den  Anspruchen  1  bis  7, 
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concentration  d'au  moins  25%  environ  en  poids  de 
NaOH. 

5.  Procede  selon  les  revendications  1  a  4,  dans 
lequel  ledit  gaz  contenant  de  Poxygene  est  choisi 
dans  Pensemble  constitue  par  de  l'oxygene,  de  Pair  5 
et  leurs  melanges. 

6.  Procede  selon  les  revendications  1  a  5,  dans 
lequel  on  conduit  ladite  electrolyse  a  une  densite  de 
courant  d'environ  2  a  environ  8  kA  par  metre  carre 
de  surface  de  membrane.  10 

7.  Procede  selon  les  revendications  1  a  6,  dans 
lequel  une  proportion  d'au  moins  70%  de  la  surface 
d'electrode  active  de  ladite  cathode  hydrophile  po- 
reuse  n'est  pas  immergee  dans  ladite  solution  con- 
centree  d'hydroxyde  de  metal  alcalin.  15 

8.  Procede  selon  les  revendications  1  a  7,  dans 
lequel  ladite  membrane  d'echange  de  cations  est  au 
contact  de  ladite  cathode  hydrophile  poreuse. 

9.  Procede  selon  les  revendications  1  a  8,  dans 
lequel  ladite  membrane  d'echange  de  cations  est  pla-  20 
cee  verticalement  entre  ledit  compartiment  anodique 
et  ledit  compartiment  cathodique. 

10.  Procede  selon  les  revendications  1  a  8,  dans 
lequel  ladite  membrane  d'echange  de  cations  est  pla- 
cee  horizontalement  entre  ledit  compartiment  anodi-  25 
que  et  ledit  compartiment  cathodique. 

1  1  .  Procede  selon  les  revendications  1  a  1  0,  dans 
lequel  ladite  eau  s'ecoule  a  travers  ladite  cathode 
poreuse  a  un  debit  ou  a  un  taux  d'environ  10a  envi- 
ron  20  milligrammes  par  centimetre  carre  par  minute.  30 

12.  Procede  selon  ies  revendications  1  a  11,  dans 
lequel  ladite  solution  concentree  d'hydroxyde  de  me- 
tal  alcalin  est  maintenue  a  un  niveau  situe  au-des- 
sous  des  aires  de  surface  d'electrode  active  de  la- 
dite  cathode  hydrophile  poreuse.  35 
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