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©  Chloralkali  electrolytic  cell  and  method  for  operating  same. 

Disclosed  are  methods  of  operation  for  oxygen  elec- 
trodes  which  maximize  the  power  efficiency  available  from 
such  oxygen  electrodes  while  minimizing  the  voltage  neces- 
sary  to  operate  such  oxygen  electrodes.  These  methods 
include  control  of  the  pressure  of  the  gas  feed  side  of  the 
oxygen  electrode,  control  of  the  total  flow  of  the  gas  feed 
side,  the  humidification  of  the  gas  feed  side  of  the  oxygen 
electrode  and  the  elimination  of  C02  from  the  gas  feed  to  the 
oxygen  electrode  to  increase  the  lifetime  of  such  electrodes 
as  applied  to  a  chlor-alkali  electrolytic  cell. 



The  present  invention  relates  generally  to  the  operation  of  an  oxygen 
electrode  for  use  in  an  e l ec t ro ly t i c   cell  and  particularly  for  the  production  of  

chlorine  and  caustic  (sodium  hydroxide)  in  such  a  manner  as  to  s ign i f i can t ly  
reduce  the  voltages  necessary  for  the  operation  of  such  e lec t ro ly t ic   cells  and  to  

increase  substantially  the  power  eff iciencies   available  from  such  e l e c t r o l y t i c  

cells  utilizing  oxygen  e lec t rodes .   More  particularly,   the  present  d isc losure  

relates  to  improved  methods  of  operat ion  of  oxygen  electrodes  which  include 

utilizing  a  positive  air  to  liquid  pressure  drop  on  the  air  feed  side  of  the  oxygen 
electrode  to  improve   pe r fo rmance ,   control  of  the  total  flow  of  the  gas  f e e d  

stream  to  improve  the  mass  t ransfer   within  the  air  feed  side  of  the  oxygen 
electrode  at  the  reaction  sites,  humidif icat ion  of  the  gas  feed  to  the  oxygen 
electrodes  to  reduce  the  drying  out  and  delamination  of  the  oxygen  electrode  so 

that  it  might  function  at  a  higher  current   density  over  a  longer  l ifetime,  and  t h e  

elimination  of  certain  gases  such  as  carbon  dioxide  to  increase  the  l ifetime  of  

the  oxygen  electrodes  by  e l iminat ion  of  salts  which  might  be  formed  upon  t h e  

porous  s t ructure   of  the  oxygen  e lec t rode   during  the  use  thereof.   These  me thods  

of  operation  may  be  utilized  singularly  or  preferably  in  combination  to  p roduce  

higher  power  eff iciencies  at  lower  voltages  so  as  to  produce  a  more  e n e r g y -  
eff icient   oxygen  electrode  in  an  e lec t ro ly t ic   cell  especially  suitable  for  t h e  

production  of  chlorine  and  caust ic   (sodium  hydroxide).  

Chlorine  and  caustic  are  essential  large  volume  commodities  which 

are  basic  chemicals  required  by  all  industrial  societies.  They  are  p roduced  

almost  entirely  e lec t ro ly t ica l ly   from  aqueous  solutions  of  alkaline  metal  hal ides  

or  more  part icularly  sodium  chloride  with  a  major  portion  of  such  p roduc t ion  

coming  from  diaphragm  type  e l ec t ro ly t i c   cells.  In  the  diaphragm  e l e c t r o l y t i c  

cell  process,  brine  (sodium  chloride  solution)  is  fed  continuously  to  the  anode  

compar tmen t   to  flow  through  a  diaphragm  usually  made  of  asbestos  pa r t i c l e s  



formed  over  a  c a the t s   s t rocture   of  a  foraminous  nature,  To  minimize  back  

migration  of  the  hydroxide  ions,  the  flow  rate  is  always  maintained  in  excess  01 

the  conversion  rate  so  that  the  resulting  catholyte   solution  has  unused  or 
unreacted   sodium  chloride  present.   The  hydrogen  ions  are  discharged  from  t h e  

solution  at  the  cathode  in  the  form  of  hydrogen  gas.  The  catholyte   so lu t ion  

containing  caustic  soda  (sodium  hydroxide),  unreac ted   sodium  chloride  and  o t h e r  

impurities,   must  then  be  concen t ra t ed   and  purified  to  obtain  a  m a r k e t a b l e  

sodium  hydroxide  commodity  and  sodium  chloride  which  is  to  be  reused  in 

e lec t ro ly t ic   cells  for  further  production  of  sodium  hydroxide  and  chlorine.  The  

evolution  of  the  hydrogen  gas  utilizes  a  higher  voltage  so  as  to  reduce  the  power  

eff iciency  possible  from  such  an  e l ec t ro ly t i c   cell  thus  creating  an  e n e r g y  
ineff icient   means  of  producing  sodium  hydroxide  and  chlorine  gas.  

With  the  advent  of  technological   advances  such  as  d imens iona l ly  

stable  anodes  and  various  coating  composi t ions  therefore   which  permit   e v e r  

narrowing  gaps  between  the  e lectrodes,   the  e lec t ro ly t ic   cell  has  become  m o r e  

eff icient   in  that  the  power  eff iciency  is  great ly   enhanced  by  the  use  of  t h e s e  

dimensionally  stable  anodes.  Also,  the  hydraul ical ly   impermeable  membrane   has  

added  a  great  deal  to  the  use  of  the  e l ec t ro ly t i c   cells  in  terms  of  s e l e c t i v e  

migration  of  various  ions  across  the  membrane   so  as  to  exclude  c o n t a m i n a t e s  

from  the  resul tant   product  thereby  e l iminat ing  some  of  the  costly  p u r i f i c a t i o n  

and  concentra t ion   steps  of  processing.  Thus,  with  the  great  advancements   t h a t  

have  tended  in  the  past  to  improve  the  e f f ic iency   of  the  anodic  side  and  t h e  

membrane  or  separator   portion  of  the  e l ec t ro ly t i c   cells,  more  a t ten t ion   is  now 

being  directed  to  the  cathodic  side  of  the  e lec t ro ly t ic   cell  in  an  effor t   t o  

improve  the  power  efficiency  of  the  cathodes  to  be  utilized  in  the  e l e c i r o l y t i c  

cells  thus  create  a  significant  energy  savings  in  the  resultant  production  of 

chlorine  and  caustic.   Looking  more  specif ical ly   at  the  problem  of  the  c a t h o d i c  

side  of  a  conventional   chlorine  and  caust ic   cell,  it  may  be  seen  that  in  a  ce l l  

employing  a  conventional   anode  and  a  cathode  and  a  diaphragm  t h e r e b e t w e e n ,  

the  e lec t ro ly t ic   react ion  at  the  cathode  may  be  represented  as 

The  potential   of  this  react ion  versus  a  standard  H2  e lectrode  is  - 0 . 8 3  

volts.  The  desired  reaction  under  ideal  c i r cums tances   to  be  promoted  at  t h e  

cathode  would  be  

The  potential  for  this  reaction  is  +0.40  volts  which  would  result  in  a  t h e o r e t i c a l  

voltage  savings  of  1.23  volts.  The  e lec t r i ca l   energy  necessarily  consumed  t o  



xoduce   the  hydrogen  gas  which  is  an  undesirable  reaction  of  the  cathode  of  t h e  

conventional  e lec t ro ly t ic   cells  has  not  been  counter  balanced  efficiently  in  t h e  

industry  by  the  uti l ization  of  the  resultant  hydrogen  since  it  is  basically  an 

undesired  product  of  the  react ion.   While  some  uses  have  been  made  of  t h e  

excess  hydrogen  gas  those  uses  have  not  made  up  the  difference  in  t h e  

expenditure  of  e lectr ical   energy  necessary  to  evolve  the  hydrogen;  thus  if  t h e  

evolution  of  a  hydrogen  could  be  el iminated  it  would  save  electr ical   energy  and  

thus  make  production  of  chlorine  and  caustic  a  more  energy  efficient  r e a c t i o n .  

The  oxygen  e lect rode  presents  one  possibility  of  elimination  of  t h i s  

reaction  since  it  consumes  e lec t rochemica l ly   ac t iva ted   oxygen  to  combine  w i t h  

water  and  the  electrons  available  at  the  cathode  in  accordance  with  t h e  

following  equa t ion  

It  is  readily  apparent  that  this  reaction  is  more  energy  efficient   by  the  v e r y  
absence  of  the  production  of  any  hydrogen  at  the  cathode,  and  the  reduction  in 

potential  as  shown  above.  This  is  accomplished  by  feeding  an  oxygen  rich  f lu id  

such  as  air  or  oxygen  to  an  oxygen  side  of  an  oxygen  e lectrode  where  the  oxygen  
has  ready  access  to  the  e lec t ro ly t ic   surface  so  as  to  be  consumed  in  the  f ash ion  

according  to  the  equation  above.  This  does,  however,  require  a  slightly  d i f f e r e n t  

s t ructure   for  the  e lec t ro ly t ic   cell  itself  so  as  to  provide  for  an  oxygen  

compar tment   on  the  cathodic  side  of  the  cathode  so  that  the  oxygen  r i ch  

substance  may  be  fed  t h e r e t o .  

The  oxygen  e lec t rode   itself  is  well  known  in  the  art  since  the  m a n y  

NASA  projects  utilized  to  promote  space  travel  during  the  1960s  also  p rov ided  

funds  for  the  development   of  a  fuel  cell  utilizing  an  oxygen  electrode  and  a  

hydrogen  anode  such  that  the  gas  feeding  of  hydrogen  and  oxygen  would  p roduce  

an  electr ical   current  for  util ization  in  a  space  craft.   While  this  ma jo r  

government - f inanced   research  effort   produced  many  fuel  cell  c o m p o n e n t s  

including  an  oxygen  e lec t rode   the  c i rcumstances   and  the  environment  in  which  

the  oxygen  electrode  was  to  function  were  quite  d i f ferent   from  that  which  would 

be  experienced  in  a  chlor-alkali   cell.  Thus  while  much  of  the  technology  ga ined  

during  the  NASA  projects  is  of  vaiue  in  the  chlor-alkali   industry  with  regard  t o  

development  of  an  oxygen  e lectrode,   much  further  development  is  necessary  t o  

adapt  the  oxygen  e lectrode  to  the  chlor-alkali  cell  e n v i r o n m e n t .  

Some  a t ten t ion   has  been  given  to  the  use  of  an  oxygen  electrode  in  a  

chlor-alkali   cell  so  as  to  increase  the  eff iciency  in  the  manner  described  to  b e  

theore t ica l ly   feasible,  but  thus  far  the  oxygen  e lect rode  has  failed  to  r e c e i v e  



significant  interest   so  as  to  produce  a  commerc ia l ly   ef fect ive   or  e c o n o m i c a l l y  

viable  electrode  for  use  in  an  e lec t ro ly t ic   cell  to  produce  chlorine  and  c a u s t i c .  

While  it  is  recognized  that  a  proper  oxygen  e lect rode  will  be  necessary  to  r e a l i z e  

the  theoret ical   eff ic iencies   to  be  derived  the re f rom,   the  chlor-alkali  cell  will  

require  operational  methodology  significantly  different   from  that  of  a  fuel  c e l l  

since  an  e lect r ical   potent ial   will  be  applied  to  the  chlor-alkali  cell  for  t h e  

production  of  chlorine  and  caustic  in  addition  to  the  supply  of  an  o x y g e n - r i c h  

fluid  to  enhance  the  e l ec t rochemica l   react ion  to  be  promoted.  Therefore ,   i t  

would  be  advantageous  to  develop  the  methodology  for  the  operation  of  an  

oxygen  electrode  directed  specifically  toward  the  maximizat ion  of  the  t h e o r e t i -  

cal  electrical   eff iciencies  possible  with  such  an  oxygen  electrode  in  a  c h l e r - a l k a l i  

e lectrolyt ic   cell  for  the  production  of  chlorine  and  c a u s t i c .  

SUMMARY  OF  THE  INVENTION 

It  is  therefore   an  object  of  the  present  invention  to  provide  a  

methodology  of  operat ion  of  an  oxygen  e lec t rode   which  will  enhance  a n d  

maximize  the  energy  ef f ic iencies   to  be  derived  from  an  oxygen  e lect rode  w i t h i n  

the  environment  of  a  chlor-alkali   e lec t ro ly t ic   c e l l .  

I t   is  another  object  of  the  present  invention  to  provide  an  a d j u s t e d  

pressure  of  the  gas  feed  to  the  oxygen  e lectrode  to  promote  this  m a x i m i z a t i o n .  

It  is  another  object  of  the  present  invention  to  control  the  total  f l ow  

of  the  gas  feed  to  the  oxygen  electrode  to  maximize  its  e f f i c i enc i e s .  

It  is  still  another  object  of  the  present  invention  to  provide  a  

humidified  gas  feed  to  the  oxygen  e lectrode  to  maximize  its  eff iciencies .   a n d  

l i f e t imes .  

It  is  a  fur ther   object  of  the  present  invention  to  e l i m i n a t e  

contaminat ing  substances  such  as  C02  from  the  gas  feed  to  maximize  t h e  

l ifetime  and  eff ic iency  of  the  oxygen  e l e c t r o d e s .  

These  and  other  objects  that  present  invention,  together   with  t h e  

advantages  thereof  over  existing  and  prior  art  forms  which  will  become  a p p a r e n t  

to  those  skilled  in  the  art  from  the  detailed  disclosure  of  the  present  invention  as  

set  forth  herein  and  below,  are  accomplished  by  the  improvements   herein  shown,  

described  and  c l a i m e d .  

It  has  been  found  that  a  chlor-alkali   e lec t ro ly t ic   cell  having  an  a n o d e  

compar tment ,   a  cathode  compar tmen t   divided  from  the  anode  compar tmen t   by  a  

separator   and  an  oxygen  compar tmen t   divided  from  the  cathode  c o m p a r t m e n t   by 



an  oxygen  electrode  can  be  operated  by  a  method  comprising  the  steps  of:  

needing  an  alkali  metal  halide  solution  to  the  interior  of  the  anode  c o m p a r t m e n t ;  

feeding  an  aqueous  solution  to  the  interior  of  the  cathode  compar tment ;   f e e d i n g  

a  molecular  oxygen  containing  fluid  to  the  interior  of  the  oxygen  compar tmen t   a t  

a  positive  gauge  pressure;  so  as  to  accomplish  a  total  f lowrate  in  excess  of  t h e  

theoret ical   s to ichiometr ic   amount  of  oxygen  necessary  for  the  reaction;  app ly ing  

an  electr ical   potential  between  the  cathode  and  anode  of  the  e lec t ro ly t ic   cel l ;  

removing  halogen  gas  from  the  anode  compar tment ;   removing  alkali  metal  hy-  

droxide  from  the  cathode  compar tmen t ;   and  removing  an  oxygen  depeleted  f lu id  

from  the  oxygen  compar tmen t   while  maintaining  the  positive  gauge  p r e s s u r e  

upon  the  interior  of  the  oxygen  c o m p a r t m e n t .  

It  has  also  been  found  that  a  chlor-alkali  e lec t ro ly t ic   cell  having  an  

anode  compar tment ,   a  cathode  compar tmen t   divided  from  the  anode  c o m p a r t -  

ment  by  a  separator  and  an  oxygen  compar tmen t   divided  from  the  c a t h o d e  

compar tment   by  an  oxygen  e lec t rode   can  be  operated  by  a  method  compr i s ing  

the  steps  of:  feeding  an  alkali  metal  halide  solution  to  the  interior  of  the  a n o d e  

compar tment ;   feeding  an  aqueous  solution  to  the  interior  of  the  c a t h o d e  

compar tment ;   feeding  a  molecular  oxygen  containing  carbon  dioxide  depleted  gas  

having  a  high  humidity  content   to  the  interior  of  the  oxygen  c o m p a r t m e n t ;  

applying  an  electr ical   potential   between  the  cathode  and  anode  of  the  e l e c -  

trolytic  cell;  removing  the  halogen  gas  from  the  anode  compar tment ;   r e m o v i n g  

the  alkali  metal  hydroxide  from  the  cathode  compar tment ;   and  removing  t h e  

oxygen  depleted  humidified  gas  from  the  oxygen  c o m p a r t m e n t .  

It  has  also  been  found  that  a  chlor-alkali   e lec t ro ly t ic   cell  for  t h e  

production  of  chlorine  and  alkali  metal  hydroxide  comprising:  an  a n o d e  

compar tment   adapted  to  contain  an  anolyte  containing  an  alkali  metal  chloride;  a  

cathode  compar tment   adapted  to  contain  a  catholyte   containing  an  alkali  m e t a l  

hydroxide  and  divided  from  said  anode  compar tmen t   by  a  separator;   a  s e p a r a t o r ;  

an  oxygen  compar tment   adopted  to  receive  an  oxygen  containing  fluid,  free  of  

carbon  dioxide,  humidified,  at  a  positive  gauge  pressure,  and  at  a  positive  t o t a l  

flow  of  from  1.5  to  10  times  the  s to ich iomet r ic   amount  of  oxygen;  an  o x y g e n  
electrode  dividing  said  cathode  compar tmen t   from  said  oxygen  c o m p a r t m e n t ;  

means  for  controlling  the  moisture  content  of  the  oxygen  containing  s u b s t a n c e ;  

means  for  controlling  the  pressure  of  the  oxygen  containing  fluid  within  s a id  

oxygen  compar tment ;   means  for  controlling  the  total  f lowrate  of  the  oxygen  

containing  fluid  within  said  oxygen  compar tment ;   means  for  removing  c h l o r i n e  

from  said  anode  compar tmen t ;   means  for  removing  alkali  metal  hydroxide  f r o m  



said  cathode  compar tment ;   means  for  supplying  alkali  metal  chloride  to  said 

anode  compar tment ;   and  means  for  supplying  an  e lec t ro lyz ing   e lect r ical   ene rgy  

to  said  anode  and  said  c a t h o d e .  

The  preferred  embodiments   of  the  subject  invention  are  shown  and 

described  by  way  of  example  in  this  disclosure  without  a t t empt ing   to  show  all  of 

the  various  forms  and  modifications  in  which  the  subject   invention  might  be  

embodied;  the  invention  being  measured  by  the  appended  claims  and  not  by  t h e  

details  of  this  d isc losure .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figure  1  is  a  schemat ic   view  of  an  e lec t ro ly t ic   cell  for  the  p roduc t ion  

of  halogen  gas  and  alkali  metal  hydroxides  according  to  the  concepts  of  t h e  

p r e s e n t  i n v e n t i o n .  

Figure  2  is  a  graphical  representa t ion   of  the  relat ionships  b e t w e e n  

total  flow,  pressure  differential ,   and  measured  potential   of  the  c a t h o d e .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Referring  to  Figure  1,  numeral  12  refers  to  a  monopolar  divided 

e lec t ro ly t i c   cell  which  is  suitable  for  use  according  to  the  concepts  of  t h e  

present  invention.  The  applicants  recognize  that  various  other  designs  for  

e l ec t ro ly t i c   cells  could  incorporate   the  methods  according  to  the  concepts  of  t h e  

present  invention,  but  that  for  i l lustration  purposes  the  applicants  choose  t h e  

present  schemat ic   to  more  amply  describe  the  details  of  the  app l ican ts '  

invention.  Elect rolyt ic   cell  12,  as  shown  in  Figure  1,  would  generally  have  some  

envi ronmenta l   supporting  s t ruc ture   or  foundation  to  maintain   each  e l e c t r o l y t i c  

cell  12  in  correct   alignment  so  as  to  build  a  bank  of  e l ec t ro ly t i c   cells  fo r  

production  purposes.  The  details  of  this  environmental   s t ruc tu re   have  not  been  

shown  for  ease  of  i l lus t ra t ing   the  concepts  of  the  present  invention.  The  ce l l  

itself  could  be  manufac tured   from  various  mater ials   ei ther  metal l ic   or  plastic  in 

nature   as  long  as  these  materials   resist  the  caustic  surroundings  of  the  ch lor ine  

environment ,   and  t empera tu re   charac te r i s t i c s   during  the  operat ion  of  the  bas ic  

chlor-alkal i   cell  which  are  well  known  in  the  art.  Such  mater ia ls   genera l ly  

include  but  are  not  limited  to  metall ic  materials   such  as  steel,  nickel,  t i t a n i u m  

and  other  valve  metals  in  addition  to  plastics  such  as  polyvinylchlor ide ,  

polyethylene,   polypropylene,  fiberglas  and  others  too  numerous  to  mention.  The 

valve  metals  include  aluminum,  molybdenum,  niobium,  t i tanium,  t ungs t en ,  

zirconium  and  alloys  t h e r e o f .  



It  can  be  observed  from  the  drawing  that  the  e lectrolyt ic   cell  12 

shown  has  an  anode  14,  a  separator   16,  and  a  cathode  18  such  that  t h r e e  

individual  compar tments   are  formed  within  the  e lectrolyt ic   cell  being  mainly  t h e  

anode  compar tment   20,  the  cathode  compar tment   22,  and  the  oxygen  c o m p a r t -  
ment  24. 

The  anode  14  will  generally  be  constructed  of  a  metallic  subs tance ,  

although  graphitic  carbon  could  be  used  as  in  the  old  electrodes  which  have  

largely  been  discarded  by  the  industry  presently.  These  anodes,  part icularly  if 

they  are  to  be  used  in  a  chlor-alkali   cell  12,  would  generally  be  active  m a t e r i a l  

resistant  to  the  anolyte  such  as  a  valve  metal.  A  preferred  valve  metal  based  

upon  cost,  availability  and  e lect r ical   chemical  properties  is  t i tanium.  There  a r e  

a  number  of  forms  a  t i tanium  substrate  may  take  in  the  manufacture   of  an 

electrode,   including  for  example,   solid  metal  sheet  material;   expanded  m e t a l  

mesh  material   with  a  large  percentage   open  area,  and  a  porous  titanium  with  a  

density  of  30  to  70  percent  pure  t i t a n i u m   which  can  be  produced  by  cold 

compacting  titanium  powder.  Porous  titanium  seems  to  be  the  p r e f e r r e d  

substance  presently  for  its  long  life  charac ter i s t ics   along  with  its  relative  s t r u c -  

tural  integrity.   If  desired,  the  porous  titanium  can  be  reinforced  with  t i t a n i u m  

mesh  in  the  case  of  large  e l e c t r o d e s .  

Usually  these  substra te   materials  will  have  a  surface  coating  t o  

protect   the  material   against  passivation  such  as  to  make  same  what  is  genera l ly  

known  in  the  art  as  a  dimensionally  stable  anode.  Most  of  these  coatings  con ta in  

a  noble  metal,  a  noble  metal  oxide  either  alone  or  in  combination  with  a  va lve  

metal  oxide or  other  e l e c t r o c a t a l y t i c a l l y   active  corrosion-res is tant   ma te r i a l s .  

These  so-called  dimensionally  stable  anodes  are  well-known  and  are  widely  used 

in  the  industry.  One  type  of  coating  for  instance  would  be  a  Beer-type  coa t ing  

which  can  be  seen  from  U.S.  Patent   Numbers:  3,236,756;  3,623,493;  3,711,385; 

3,751,296;  and  3,933,616.  Another  type  of  coating  utilized  is  one  which  t in ,  

t i tanium  and  ruthenium  oxides  are  used  for  surface  coating  as  can  be  seen  in  U.S. 

Patent   Numbers  3,776,834  and  3,855,092.  Two  other  examples  of  su r face  

coatings  include  a  tin,  antimony  with  titanium  and  ruthenium  oxides  as  found  in 

U.S.  Patent  Number  3,875,043  and  a  tantalium  iridium  oxide  coating  as  found  in 

U.S.  Patent  Number  3,878,083.  There  are,  of  course,  other  coatings  which  a r e  

available  to  those  skilled  in  the  art  for  use  in  chlor-alkali  cells  as  well  as  o the r  

types  of  applications  in  which  electrodes  would  be  necessary  for  e l e c t r o l y t i c  

r eac t i ons .  



There  are  a  number  of  materials  which  may  be  utilized  for  t h e  

separater   16  as  shown  in  the  drawing.  One  type  of  material ,   of  course ,  

ant ic ipates   the  use  of  something  substantial ly  hydraulically  impermeable   or  a  

cation  exchange  membrane  as  it  is  known  in  the  art.  One  type  of  hydrau l ica l ly  

impermeable   cation  exchange  membrane,   which  can  be  used  in  the  apparatus  of  

the  present  invention,  is  a  thin  film  of  f lourinated  copolymer  having  p e n d a n t  

sulfonic  acid  groups.  The  fluorinated  copolymer  is  derived  from  monomers  of  t h e  

fo rmulas :  

in  which  the  pendant  -S02F  groups  are  converted  to  -S03H  groups,  a n d  

monomers  of  the  f o r m u l a  

wherein  R  represents   the  group  -CF-  CF2  -0-  (CFY-CF2 -   O)m  in  which  the  R  1 

is  fluorine  or  fluoroalkyl  of  1  thru  10  carbon  atoms;  Y  is  fluorine  or 

t r i f luoromethyl ;   m  is  1,  2  or  3;  n  is  O  or  1;  X  is  fluorine,  chlorine  or 

t r i f luoromethyl ;   and  X   is  X  or  CF3  (CF2)  a0-  ,   wherein  a  is  O  or  an  i n t e g e r  

from  1  to  5. 

This  results  in  copolymers  having  the  repeat ing  s t ructural   uni ts  

and  

In  the  copolymer  there  should  be  suff icient   repeating  units,  a cco rd ing  

to  formula  (3)  above,  to  provide  an  -SO3H  equivalent  weight  of  about  800  t o  

1600.  Materials  having  a  water  absorption  of  about  25  percent  or  greater   a r e  

preferred  since  higher  cell  voltages  at  any  given  current   density  are  required  for  

materials   having  less  water  absorption.  Similarly,  materials   having  a  f i lm 

thickness  (unlaminated)  of  about  8  mils  or  more,  require  higher  cell  vo l t ages  

resulting  in  a  lower  power  e f f i c i ency .  

Typically,  because  of  large  surface  areas  of  the  membrane  in 

commercial   cells,  the  substrate  film  mater ial   will  be  laminated  to  and  

impregnated  onto  a  hydraulically  permeable,   e lec t r ica l ly   non-conductive,   i n e r t ,  

reinforcing  member  such  as  a  woven  or  non-woven  fabric  made  of  fibers  of 

asbestos,  glass,  TEFLON,  or  the  like.  In  f i lm/ fabr ic   composite  materials ,   it  is 



preferred  that  the  laminating  produce  an  unbroken  surface  of  the  film  resin  on  a t  

least  one  side  of  the  fabric  to  prevent  leakage  through  the  subs t ra te   f i lm 

m a t e r i a l .  

The  materials   of  this  type  are  further  described  in  the  fo l lowing 

patents  which  are  hereby  incorporated  by  reference:   U.S.  Patent   N u m b e r s  

3,041,317;  3,282,875;  3,624,053;  3,784,399  and  British  Patent   Number  1,184,321. 

Substrate  mater ia ls   as  a foredescr ibed   are  available  from  E.  I.  duPont  d e N e m o u r s  

and  Co.  under  the  t rademark   NAFION.  

Polymeric  materials ,   according  to  formulas  3  and  4,  can  also  be  m a d e  

wherein  the  ion  exchange  group  instead  of  being  a  sulfonic  acid  exchange  group 
could  be  many  other  types  of  s t ruc tures .   One  particular  type  of  s t ruc ture   is  a  

carboxyl  group  ending  in  either  an  acid,  and  ester  or  a  salt  to  form  an  ion 

exchange  group  similar  to  that  of  the  sulfonic  acid.  In  such  a  group  instead  of  

having  S02F  one  would  find  COOR 2  in  its  place  wherein  R 2  may  be  s e l e c t e d  

from  the  group  of  hydrogen,  an  alkali  meta l  ion   or  an  organic  radical.  These  

polymeric  mater ials   are  available  presently  from  E.  I.  duPont  deNemours  &  Co.  

Fur thermore ,   it  has  been  found  that  a  subst ra te   material   such  as  NAFION  having 

any  ion  exchange  group  or  function  group  capable  of  being  conver ted  into  an  ion 

exchange  group  or  a  function  group  in  which  an  ion  exchange  group  can  easily  be  

introduced  would  include  such  groups  as  oxy  acids,  salts,  or  esters  of  ca rbon ,  

nitrogen,  silicon,  phosphorous,  sulfer  chlorine,  arsenic,  selenium,  or  t e l l u r i u m .  

.  A  second  type  of  substrate   material   has  a  backbone  chain  o f  

copolymers  of  t e t r a f l uo roe thy l ene   and  hexafluoropropylene  and,  graf ted  onto  t h i s  

backbone,  a  f i f ty - f i f ty   mixture  of  styrene  and  a lpha-methyl   styrene.   Subse-  

quently,  these  grafts  may  be  sulfonated  or  carbonated  to  achieve  the  ion 

exchange  cha rac te r i s t i c .   This  type  of  substrate   while  having  different   pendan t  

groups  has  a  f luorinated  backbone  chain  so  that  the  chemical  resis t ivi t ies   a r e  

reasonably  high.  

Another  type  of  substrate   film  material   would  be  p o l y m e r i c  

substances  having  pendant  carboxylic  or  sulfonic  acid  groups  wherein  t h e  

polymeric  backbone  is  derived  from  the  polymerizat ion  of  a  polyvinyl  a r o m a t i c  

component  with  a  monovinyl  a romat ic   component  in  an  inorganic  solvent  under  

conditions  which  prevent  solvent  evaporat ion  and  result  in  a  generally  copoly-  

meric  substance  although  a  100  percent  polyvinyl  aromat ic   compound  may  be  

prepared  which  is  s a t i s f a c t o r y .  

The  polyvinyl  a romat ic   component   may  be  chosen  from  the  group 

including:  divinyl  benzenes,  divinyl  toluenes,  divinyl  napthalenes ,   divinyl 



diphenyls,  divinyl-phenyl  vinyl  ethers,   the  substi tuted  alkyl  der ivat ives   t h e r e n f  

such  as  dimethyl  divinyl  benzenes  and  similar  polymerizable  a romat ic   compounds  

which  are  polyfunctional  with  respect   to  vinyl  groups.  
The  monovinyl  a romat ic   component  which  will  generally  be  t h e  

impurities  present  in  commerc ia l   grades  of  polyvinyl  a romat ic   compounds  

include:  styrene,  isomeric  vinyl  toluenes,  vinyl  napthalenes,   vinyl  e thy l  

benzenes,  vinyl  chlorobenzenes,   vinyl  xylenes,  and  alpha  subs t i tu ted   a lky '  

derivates  thereof,   such  as  alpha  methyl  vinyl  benzene.  In  cases  where  high- 

purity  polyvinyl  aromat ic   compounds  are  used,  it  may  be  desirable  to  add  

monovinyl  a romat ic   compounds  so  that  the  polyvinyl  a romat ic   compound  will 

const i tute   30  to  80  mole  percent   of  polymerizable   m a t e r i a l .  

Suitable  solvents  in  which  the  polymerizable  mater ial   may  be  

dissolved  prior  to  polymer iza t ion   should  be  inert  to  the  polymer iza t ion   (in  t h a t  

they  do  not  react   chemically  with  the  monomers  or  polymer),  should  also  possess 

a  boiling  point  greater   than  60°C,  and  should  be  miscible  with  the  su l fona t ion  

med ium.  

Polymeriza t ion   is  e f fec ted   by  any  of  the  well  known  expedients,   fc: 

instance,  heat,  pressure,  and  ca ta ly t ic   accelera tors ,   and  is  continued  u n t i l  a  

insoluble,  infusible  gel  is  formed  substant ia l ly   throughout  the  volume  of  s o l u t e  

The  resulting  gel  s t ructures   are  then  sulfonated  in  a  solvated  condition  and  to  

such  an  extent  that  there  are  not  more  than  four  equivalents  of  sulfonic  a c i d  

groups  formed  for  each  mole  of  polyvinyl  aromatic   compound  in  the  polymer  and  

not  less  than  one  equivalent  of  sulfonic  acid  groups  formed  for  each  ten  mole  of 

poly  and  monovinyl  a romat ic   compound  in  the  polymer.  As  with  the  NAFION 

type  mater ial   these  mater ia ls   may  require  reinforcing  of  similar  m a t e r i a l s .  

I  Substrate  film  mater ia ls   of  this  type  are  further  described  in  t h e  

following  patents   which  are  hereby  incorporated  by  re ference :   U.S.  P a t e n t  

Numbers  2,731,408;  2,731,411  and  3,887,499.  These  mater ia ls   are  available  f rom 

Ionics,  Inc.  under  the  t r ademark   IONICS  C R 6 .  

Various  means  of  improving  these  substrate  mater ia ls   have  been  

sought,  one  of  the  most  e f fec t ive   of  which  is  the  surface  chemical   t r e a t m e n t   of  

the  substra te   itself.  Generally  these  t r ea tmen t s   consist  of  react ing  the  p e n d a n t  

groups  with  substances  which  will  yield  less  polar  bonding  and  thereby  absorb  

fewer  water  molecules  by  hydrogen  bonding.  This  has  a  tendency  to  narrow  t h e  

pore  openings  through  which  the  cations  travel  so  that  less  water   of  hydration  is 

t r ansmi t ted   with  the  cations  through  the  membrane.   An  example  of  this  would 

be  to  react   the  ethylene  diamine  with  the  pendant  groups  to  tie  two  of  t h e  



pendant  groups  together   by  two  nitrogen  atoms  in  the  e thylene  d i a m i n e .  

Generally,  in  a  film  thickness  of  7  mils,  the  surface  t r e a t m e n t   will  be  done  to  a  

depth  of  approximate ly   2  mils  on  one  side  of  the  film  by  control l ing  the  time  o f  

reaction.   This  will  result  in  good  e lec t r ica l   conductivi ty  and  cation  t r a n s m i s s i o n  

with  less  hydroxide  ion  and  associa ted   wa te r  reverse   m ig ra t i on .  

The  separa tor   16  could  also  be  a  porous  diaphragm  which  may  b e  

made  of  any  mater ia l   compat ib le   with  the  cell  liquor  envi ronment ,   the  p rope r  
bubble  pressure  and  e lec t r ica l   conduct iv i ty   charac te r i s t i c s .   One  example   of  such  

a  material   is  asbestos  which  can  be  used  either  in  paper  sheet  form  or  be  

vacuum-deposi ted   fibers.  A  further  modification  can  be  a f f ec t ed   by  add ing  

polymeric  substances,   generally  f luorinated,   to  the  slurry  from  which  t h e  

diaphragm  is  deposited.   Also  polymeric  materials   themselves   can  be  m a d e  

porous  to  the  extent   that  they  show  operat ional   cha rac te r i s t i c s   of  a  d i a p h r a g m .  

Those  skilled  in  the  art  will  readily  recognize  the  wide  variety  of  mater ia l s   t h a t  

are  presently  available  for  use  as  separa tors   in  chlor-alkali   ce l l s .  

The  third  major  component   of  these  subject  cells  to  be  u t i l i z ed  

according  to  the  methods  of  the  present   invention  is  a  cathode  18  as  seen  in  t h e  

drawing.  The  cathode  18,  in  order  to  be  utilized  according  to  the  methods  of  t h e  

present  invention,  will  necessar i ly   be  an  oxygen  cathode.  An  oxygen  e lec t rode   or  

oxygen  cathode  may  be  defined  as  an  electrode  which  is  supplied  with  a  

molecular  oxygen  containing  fluid  to  lower  the  voltage  below  that  necessary   fo r  

the  evolution  of  hydrogen.  The  basic  support  for  an  oxygen  cathode  will  

generally  include  a  current   col lector   which  could  be  cons t ruc ted   of  a  base  m e t a l  

although  carbon  black  might  also  be  used.  The  expression  base  metal   is  used  

herein  to  refer  to  inexpensive  metals  which  are  commercia l ly   available  fo r  

c o m m o n   construct ion  purposes.  Base  metals  are  cha rac t e r i zed   by  low  c o s t ,  

ready  availabil i ty  and  adequate   res is tances   to  chemical  corrosion  when  u t i l i z e d  

as  a  cathode  in  e l ec t ro ly t i c   cells.  Base  metals  would  include,  for  instance,   i ron ,  

nickel,  lead  and  tin.  Base  metals   also  include  alloys  such  as  mild  steels,   s t a i n l e s s  

steel,  bronze,  monel  and  cast  iron.  The  base  metal  preferably   is  c h e m i c a l  

resis tant   to  the  ca tholy te   and  has  a  high  electr ical   conductivi ty.   F u r t h e r m o r e ,  

this  mater ia l   will  generally  be  a  slightly  porous  material   such  as  a  mesh  when  

used  in  the  cons t ruc t ion   of  an  oxygen  cathode.  A  preferred  metal ,   based  upon 

cost,  res is tance  to  the  ca tholy te   and  voltages  available,  is  nickel.  Other  c u r r e n t  

collectors  would  include:  t an ta lum,   t i tanium,  silver,  gold,  and  plated  b a s e  

metals.   Upon  one  side  of  this  basic  support  material   will  be  a  coating  of  a  porous  
material   either  compac ted   in  such  a  fashion  as  to  adhere  to  the  nickel  support  o r  



held  together   with  some  kind  d   binding  substance  so  as  to  produce  a  porous  
substra te   mater ia l .   A  preferred  porous  material   based  upon  cost  is  c a rbon .  

Anchored  within  the  porous  portion  of  the  oxygen  cathode  is  a  catalyst   t o  

cata lyze  the  react ion  wherein  molecular  oxygen  combines  with  water  m o l e c u l e s  

to  produce  hydroxide  groups.  These  catalysts  are  generally  based  upon  a  silver  or  

a  platinum  group  metal  such  as  palladium,  ruthenium,  gold,  iridium,  rhod ium,  

osmium,  or  rhenium  but  also  may  be  based  upon  semiprecious  or  nonprec ious  

metal,  alloys,  metal  oxides  or  organometal   complexes.  Generally  such  e l e c t r o d e s  

will  contain  a  hydrophobic  mater ial   to  wetproof  the  e lectrode  s t ructure .   Of  

course,  those  skilled  in  the  art  will  realize  that  the  porosity  of  the  c a r b o n  

mater ia l ,   the  amount  and  the  type  of  catalyt ic   mater ia l   used  will  affect   t h e  

voltages  and  current  eff iciencies  of  the  resultant  e lec t ro ly t ic   cell  as  well  as  

their  l i fet imes.   A  preferred  cathode  18  may  be  cons t ruc ted   according  to  U.  S. 

Patent   No.  3,423,247,  the  disclosure  of  which  is  hereby  incorporated  by 

r e f e r e n c e .  

As  seen  in  the  drawing,  utilizing  an  anode  14,  a  separater   16  and  

oxygen  cathode  18  as  described  above  will  result  in  an  e lec t ro ly t ic   cell  12  having  

three  compar tmen t s ,   basically  an  anode  compar tmen t   20,  a  cathode  c o m p a r t -  

ment  22  and  an  oxygen  compar tment   24.  Into  these  three  compar tmen t s   in  a  

chlor-alkali   cell  for  instance,   would  be  an  alkali  metal  halide  solution  in  the  

anode  compar tmen t   20  as  t r ansmi t ted   thereinto  through  the  alkali  metal  ha l ide  

solution  inlet  26.  The  alkali  metal  halide  solution  preferably  would  be  one  wh ich  

would  evolve  chlorine  gas,  such  as  sodium  chloride  or  potassium  chloride.  In to  

the  cathode  c o m p a r t m e n t   22  would  be  found  an  aqueous  solution  which  would  b e  

t r ansmi t t ed   there into   through  the  aqueous  solution  inlet  28.  The  aqueous  
solution  must  contain  sufficient   water  molecules  to  be  broken  down  to  form  t h e  

required  hydroxide  groups  necessary  for  the  react ion.   Into  the  oxygen  

compar tmen t   24  through  oxygen  inlet  30  would  be  a  fluid  containing  a  s u f f i c i e n t  

amount  of  molecular  oxygen  to  permit  the  cell  operat ional   charac te r i s t i c s .   Such 

a  substance  would  generally  be  a  gas  and  most  preferably   would  be  air  w i t h  

carbon  dioxide  removed  and  humidified  or  pure  molecular  oxygen  which  had  b e e n  

humidified.  The  react ion  products  such  as  chlorine  gas  would  be  removed  f r o m  

the  anode   compar tmen t   20  through  the  halogen  outlet   32  and  aqueous  NaOH  or 

KOH  would  be  removed  from  the  cathode  compar tmen t   22  through  the  a lkal i  

metal  hydroxide  outlet  34  and  an  oxygen  depleted  fluid  either  in  the  form  of  

residual  pure  oxygen  or  air  most  preferably  would  be  removed  from  the  d e p l e t e d  

fluid  outlet  36. 



In  the  three  comjparimetn  cell  12  according  to  the  above  desc r ip t ion ,  

an  oxidizing  gas  depolarized  chlor-alkali  cell,  a  pressure  differential   is  app l ied  

across  the  porous  cathode  18  so  that  the  pressure  in  the  oxygen  compar tment   24 

is  higher  than  that  in  the  cathode  compar tmen t   22.  The  increased  p r e s su re ,  
which  may  be  zero  gauge  to  bubble  through  but  due  to  the  e lectrolyte   head  m a y  
be  negative  absolute,  assists  in  mass  t ransfer   of  the  oxidizing  gas  such  as  oxygen 
into  the  cathode  18  thereby  preventing  oxygen  depletion  in  the  reaction  zone  

within  the  cathode  18  and  leading  to  a  longer  cathode  18  lifetime.  This  p r e s su re  
differential   it  should  be  remembered   is  based  upon  the  partial  pressure  of  t h e  

oxygen  present  if  less  than  100%  oxygen  is  used .  

Increasing  the  total  flow  of  the  depolarizing  gas  in  the  oxygen 

compar tment   24  also  enhances  the  mass  t ransfer   of  oxygen  into  the  r e a c t i o n  

sites  within  the  cathode  18.  This  is  par t icular ly   important   where  less  than  100% 

pure  02  is  used.  Molecular  oxygen  is  consumed  by  the  reaction  taking  place  a t  

the  catalyt ic   sites  within  the  porous  mater ial   of  the  oxygen  cathode  18.  As 

oxygen  is  consumed,  additional  quantities  must  be  available  continously  and  

must,  therefore ,   be  fed  on  a  continuous  basis  into  the  oxygen  compar tment   24. 

The  preferred  total  flows  are  between  0  and  10  times  the  t h e o r e t i c a l  

s to ich iomet r ic   amount  of  oxygen  necessary  for  the  react ion  with  a  flow  of  abou t  

2.5  times  being  the  b e s t .  

Pure  oxygen  gas  may  be  supplied  to  the  oxygen  compar tment   24, 

however  air  may  also  be  used  since  it  contains  approximate ly   23%  free  mo lecu l a r  

oxygen  by  weight.  In  the  case  of  air  though,  carbon  dioxide  must  be  r e m o v e d  

from  the  air  before  it  is  delivered  to  the  oxygen  compar tment   24.  It  has  been  

found  that  carbon  dioxide  will  promote  a  format ion  of  certain  carbonate  depos i t s  

upon  the  cathode  which  sharply  reduces  its  l i fe t ime  and  power  efficiencies  whi le  

increasing  the  voltage.  By  eliminating  the  major  portion  of  carbon  dioxide  th is  

problem  was  also  largely  e l i m i n a t e d .  

The  applicants  have  noticed  that  the  presence  of  nitrogen  in  the  a i r  

creates  problems  since  it  acts  as  a  diluent  to  thereby  decrease  the  c o n c e n t r a t i o n  

of  the  oxygen  present  within  the  oxygen  c o m p a r t m e n t   24  of  the  e lectrolyt ic   cel l  

12.  The  nitrogen  molecules  enter  the  pores  of  the  cathode  18  and  must  be  

diffused  back  out  of  the  pores  since  they  are  not  used  in  the  reaction.  This 

causes  a  lack  of  activity  within  the  porous  ca ta ly t ic   areas  of  the  oxygen  c a t h o d e  

18  such  as  to  reduce  the  power  efficiency  possible  and  increase  the  vo l tage  

necessary  for  the  operat ion  of  such  a  cell.  The  applicants  have  further  found 

that  this  may  be  reduced  to  a  minimum  by  increasing  the  total  flow  so  as  t o  



provide  ample  oxygen  supply  to  the  oxygen  compar tmen t   24,  thus  reducing  to  a  

minimum  the  voltage  necessary  to  operate   the  cell  while  increasing  to  a  
maximum  the  possible  power  eff iciency  from  such  an  e lec t ro ly t ic   cell  12. 

Applicants  have  fu r the rmore   discovered  that  evaporat ion  and  mass  

t ransfer   pose  a  problem  with  oxygen  cathodes  18  as  shown  in  the  e l e c t r o l y t i c  

cells  12.  This  problem  they  found  could  be  e l iminated  by  increasing  the  r e l a t i v e  

humidity  of  the  oxygen  or  air  to  be  supplied  to  the  oxygen  compar tment   24  by 

bubbling  the  gas  through  water  at  a  t e m p e r a t u r e   of  40  to  70°C.  so  as  to  p roduce  

a  re la t ive  humidity  in  the  range  of  85  percent .   This  in  turn  reduces  t h e  

evapora t ion   and  reduces  the  drying  out  of  the  cathodes  which  can  c a u s e  

delaminat ion  of  the  porous  mater ia l   from  the  solid  support  material   of  t h e  

oxygen  cathode  18  and  further  enhances  the  mass  t ransfer   across  the  porous 
surfaces.   The  gas  t empera tu re   as  it  was  actually  fed  to  the  oxygen  c o m p a r t m e n t  
24  was  generally  in  the  range  of  40  to  90°C.  and  therefore   s a t u r a t e d .  

Fu r the rmore ,   the  humidificat ion  seems  to  have  another  e f fec t .   Mainly,  t h e  

evapora t ive   driving  force,  which  causes  the  mass  t ransfer   of  the  water  from  t h e  

cathode  compar tmen t   22  into  the  cathode  s t ruc ture   18,  causes  the  c rys t a l l i za t ion  

of  e l ec t ro ly t e   to  form  solids  which  reduce  seriously  the  l i fe t ime  of  a  given 

cathode  18  because  the  solids  plug  up  the  pores.  By  the  humidificat ion  of  t h e  

feed  gas  to  the  oxygen  compar tmen t   24  this  is  drastically  reduced  by  e l imina t ing  

the  evapora t ive   driving  force  involved  in  t ransfer r ing   the  liquid  e lect rolyte   f r o m  

the  cathode  compar tmen t   22. 

It  has  been  noted  though  that  if  the  dew  point  of  the  gas  feed  is 

higher  than  the  cathode  skin  t e m p e r a t u r e ,   condensation  occurs  on  the  c a t h o d e  

surface.   When  this  happens,  sites  of  oxygen  mass  t ransfer   are  occluded  so  as  t o  

decrease   seriously  the  per formance   of  a  given  oxygen  cathode  18.  Therefore,   a  

gas  s t ream  dew  point  was  adjusted  to  balance  the  two  deleterious  e f f e c t s  

described  above,  specifically  to  maintain  the  dew  point  a  few  degrees  below  t h e  

cathode  skin  t empera tu re   while  maintaining  the  relat ive  humidity  within  a  r ange  
to  e l imina te   the  evaporat ive  driving  force  involved.  It  should  be  noted  t h a t  

higher  operat ion  t empera tu res   lower  the  voltage  of  the  cell  but  may  shorten  t h e  

life  of  the  cathode  18.  A  t e m p e r a t u r e   in  the  range  of  60  to  850C.  is  cons idered  

o p t i m u m .  

In  order  that  those  skilled  in  the  art  may  more  readily  understand  t h e  

present  invention  and  certain  prefer red   aspects  by  which  it  may  be  carried  in to  

e f fec t ,   the  following  specific  examples  are  a f f o r d e d .  



EXAMPLE  1 

An  oxygen  cathode  according  to  U.  S.  Patent   No.  3,423,245,  was  

Installed  into  an  e lec t ro ly t ic   cell  so  that  the  carbon  side  faced  the  oxygen 

c o m p a r t m e n t   and  the  nickel  side  faced  the  cathode  c o m p a r t m e n t   in  which  an 

e lec t ro ly te   was  placed.  A  dimensionally  stable  anode,  having  a  ca ta lyt ic   l ayer  

composed  of  tantalum  and  iridium  oxides,  was  installed  approximate ly   7 

cen t ime te r s   away  and  parallel  to  the  oxygen  cathode.  A  flow  of  carbon  dioxide 

free  air  was  passed  into  the  oxygen  compar tmen t   of  the  cell  at  a  flow  rate  of 

approximately   790  cubic  cent imeters   per  minute  which  is  approximate ly   21  t i m e s  

the  theore t ica l   s to ichiometr ic   amount  needed  when  the  cell  is  operated  at  1 

ampere  per  square  inch  current  density.  The  pressure  in  the  oxygen 

c o m p a r t m e n t   was  adjusted  to  approximately   110  grams  per  square  cen t imete r   (44 

inches  of  water)  above  a tmospher ic   pressure  by  res t r ic t ing   the  flow  exiting  f r o m  

the  outlet   36.  The  pressure  was  mainta ined  at  that  level  during  the  t e s t .  

E lec t ro ly te   consisting  of  approximately   400  grams  NaOH  per  liter  was  then  

added  to  the  cathode  compar tment   22  and  agi ta ted   continuously  by  m a g n e t i c  

stirring  a p a r a t u s .  

The  cathode  was  then  condit ioned  by  operat ing  the  cell  at  60°C.  and  

a  current   density  of  approximately   0.05  amperes  per  square  cen t ime te r   (one- 

third  ampere  per  square  inch)  for  about  one  day.  After  conditioning  was 

completed,   the  current  density  was  increased  to  approximate ly   0.15  amperes  per  

square  cen t imete r   (one  ampere  per  square  inch).  The  air  flow,  p ressure ,  

t e m p e r a t u r e   and  current  density  were  held  constant   during  the  remainder   of  t h e  

test.   It  should  be  noted  that  these  tests  were  used  with  sodium  hydroxide  

e l ec t ro ly t e   only  and  as  such  chlor-alkali   cells  were  not  used.  However,  t h e  

results  from  these  tests  should  corre la te   closely  with  those  that  would  be 

obtained  by  using  chlor-alkali  cells  since  the  type  of  anode  or  the  spacing  of  t h e  

anode  to  the  cathode  are  not  critical  factors ,   although  the  anode  must  be  s t a b l e  

in  sodium  hydroxide  solut ion.  

The  cathodes  were  conditioned  at  the  reduced  current  dens i ty  

because  it  was  thought  that  the  ca ta ly t ic   platinum  layer  becomes  pa r t i a l l y  

oxidized,  during  the  period  when  the  cathodes  are  stored  before  use.  The 

conditioning  process  restores  the  ca ta ly t ic   layer  to  high  act ivi ty   without  caus ing  

de te r io ra t ion   in  the  quality  of  the  cathode.   Slow  break-in  for  less  noble 

ca ta lys ts   however  may  be  ha rmfu l .  



The  e lec t r ica l   connection  was  made  on  the  nickel  side  of  the  c a t h o d e  

because  it  was  easier  to  make  a  good  e lect r ical   contact   on  nickel  rather  than  on 

the  carbon.  The  cathode  reference   voltage  measured  versus  a  m e r c u r y / m e r c u r i c  

oxide  reference  e lect rode  cell,  changed  from  -0.31  on  day  number  1  to  -1.03  on 

day  number  98  when  the  test  was  considered  completed.   The  l ifetime  of  th is  

part icular   cathode  under  these  test  conditions  was  2350  hours .  

EXAMPLE  2 

A  cathode  test  was  done  as  described  in  Example  1,  except  that  t h e  

air  flow  rate  was  reduced  from  790  cubic  c en t ime te r s   per  minute  to  220  cub ic  

cent imeters   per  minute  (approximately  6  times  the  theore t ica l   s t o i c h i o m e t r i c  

amount  necessary  for  reaction).   The  re fe rence   voltage  changed  from  -0.43  on 

day  number  1  to  -2.27  on  day  number  52.  The  cathode  l i fet ime  was  1240  hours  in 

this  test  as  compared  to  2350  when  increased  air  flow  was  used  in  Example  1. 

This  shows  that  when  the  total  flow  increases,   the  potentials   are  lower  and  t h e  

l ifet imes  are  e x t e n d e d .  

EXAMPLE  3 

A  cathode  test  was  done  as  described  in  Example  1,  except  that  an  

oxygen  f lowrate  of  150  cubic  cen t imeters   per  minute  was  used  instead  of  an  a i r  

f lowrate  of  790  cubic  cen t ime te r s   per  minute.  This  oxygen  flow  rate  was  a b o u t  

19  times  the  theore t i ca l   s to ich iomet r ic   flow  of  oxygen  required  at  one  a m p e r e  

per  square  inch  current   density  for  operat ion  of  a  cell.  For  this  test,   t h e  

e lectr ical   connection  was  made  on  the  carbon  side  of  the  cathode.  The  c a t h o d e  

was  conditioned  by  running  the  cell  at  a  current   density  of  0.05  amperes  per  

square  cen t imete r   (1/3  ampere   per  square  inch)  for  about  24Y2  hours,  increasing  i t  

to  0.1  ampere  per  square  cen t ime te r   (2/3  ampere  per  square  inch)  for  about  24 

hours,  and  finally  increasing  it  to  about  0.15  ampere   per  square  cen t imete r   (1 

ampere  per  square  inch)  at  which  level  it  was  held  for  the  remainder  of  the  t e s t .  

The  reference   voltage  changed  from  -0.38  on  day  number  2  to  -0.42  on  day  

number  293.  The  test   was  discontinued  on  day  number  293  because  de l amina t i on  

of  the  cathode  laminat ion  of  the  cathode  occurred.   The  cathode  l i fet ime  was  

about  7030  hours.  This  again  shows  that  when  the  total  flow  is  increased  in 

terms  of  s to ich iomet r i c   amounts  of  available  oxygen,  the  life  is  extended  a t  

lower  p o t e n t i a l s .  



EXAMPLE  4 

An  oxygen  cathode  test  was  done  according  to  Example  1  with  an 

operating  t e m p e r a t u r e   of  approximate ly   85°C  at  a  current  density  of  a p p r o x i -  

mately  2  amperes  per  square  inch  and  a  300  grams  per  liter  NaOH  so lu t ion .  

Fur the rmore ,   the  membrane   utilized  in  the  subject  test  was  a  standard  NAFION.  

This  exper imenta l   cell  was  operated  using  various  types  of  c a t h o d e s .  

Compara t ive   cell  voltages  for  the  different   cathodes  were  obtained  as  fol lows:  

.  As  can  be  seen  from  the  results  above  each  of  these  subject  c a t h o d e s  

when  compared  to  a  s tandard  hydrogen  evoluting  steel  mesh  cathode  shows 

superior  pe r fo rmance   utilizing  the  methods  of  the  present  invent ion .  

EXAMPLE  5 

An  oxygen  cathode  test  was  done  according  to  Example  1  wherein  t h e  

run  was  made  on  air  which  was  not  scrubbed  of  carbon  dioxide.  The  cathode  was  

broken  in  on  oxygen  and  then  switched  to  air,  and  failure  occurred  less  than  48 

hours  after  switching  to  air.  This  per formance   was  typical  of  cathodes  suppl ied  

with  air  which  contained  carbon  dioxide,  thus,  showing  the  necessity  of  r e m o v i n g  

carbon  dioxide  for  the  l i fet ime  of  an  oxygen  cathode.   The  basic  conditions  w e r e  

as  those  contained  in  runs  according  to  Examples  1 - 3  and  the  table  below  shows 

the  cell  voltages  and  reference   voltage  along  with  r e m a r k s .  



EXAMPLES  6  to  12 

Oxygen  cathode  tests  were  done  according  to  Example  1  wherein  t h e  

total   air  flow  rate  was  varied  according  to  Figure  2  of  the  drawings  and  with  t h e  

pressure  also  varied.  As  seen  in  Figure  2,  the  cathode  potential   decreased  w i th  

Increasing  f lowrates   and  also  decreased  with  increasing  pressures.  In  each  c a s e  

the  air  supplied  was  free  of  carbon  dioxide  and  h u m i d i f i e d .  

The  cathode  tests  as  i l lustrated  by  the  examples  above  were  ended  in 

each  case  when  the  re fe rence   voltage  reached  -1.00  or  when  delaminat ion  of  t h e  

various  layers  of  the  cathode  occurred.  The  air  (or  oxygen)  flow  was  recorded  on 

the  cathode  life  cell  test  data  sheets  as  the  height  (in  mill imeters)   of  the  s t e e l  

ball  on  the  Matheson  number  601  flow  meter  (except  for  Example  3  for  a  which  

a  Matheson  number  602  flow  meter  was  used).  These  readings  were  t h e n  

conver ted   into  cubic  cen t imete r s   per  minute  by  referr ing  to  the  a p p r o p r i a t e  

cal ibrat ion  curves.  The  examples  give  results  of  the  cathode  tests  where  t h e  

pressure  d i f ferent ia ls   in  the  range  of  100  grams  per  square  cen t imete r   (40  inches  

of  water) .   The  term  pressure  di f ferent ia l   means  the  net  pressure  e x e r t e d  

between  the  two  sides  of  the  cathode.  In  this  case  the  difference  between  t h e  

pressure  and  the  oxidizing  gas  compar tmen t   (100  grams  per  square  c e n t i m e t e r  

above  a tmospher i c   pressure)  and  the  average  hydros ta t i c   pressure  exer ted  by  t h e  

e l ec t ro ly t e   on  the  other  side  of  the  cathode  (10  grams  per  square  meter)   is 

approx imate ly   100  grams  per  square  cen t ime te r .   The  hydrosta t ic   pressure  is 

ca lcu la ted   by  multiplying  the  density  of  the  e l ec t ro ly t e   (1.33)  by  average  he igh t  

above  the  cathode  which  averaged  3  inches.  According to   an  es t imate ,   the  useful  



range  of  pressure  ch te ren t i a l   probably  is  in  the  range  of  0.25  through  500  g r a m s  

per  square  cen t imeter   (0.1  to  200  inches  of  water  column).  It  is  expected  t h a t  

those  cathodes  utilizing  a tmospher ic   pressure  or  where  the  gas  c o m p a r t m e n t  

pressure  is  not  allowed  to  exceed  a tmospher ic   pressure  would  be  less  than  1240 

hours  of  l ifetime  obtained  in  Example  2  for  instance.  It  should  be  no t ed ,  

however,  that  all  the  examples  give  the  results  of  tests  using  NaOH  e l e c t r o l y t e  

only,  chlor-alkali  cells  were  not  used  since  no  porous  cathodes  are  in  c o m m e r c i a l  

use  to  date.  All  the  above-descr ibed   tests  were  conducted  at  1  ampere  p e r  

square  inch  which  was  selected  for  test  purposes  only  for  s tandard iza t ion   and 

should  not  be  considered  a  maximum  possible  value.  It  is  expected  that  c u r r e n t  

densities  of  the  range  of  2  amperes  per  square  inch  or  higher  could  be  used.  The  

tests  as  i l lustrated  by  Example  1 - 3  were  conducted  at  60°C,  this  t e m p e r a t u r e  

being  chosen  simply  as  a  convenient  t e m p e r a t u r e   for  which  s tandard iza t ion   c a n  

be  e s t ab l i shed .  

Thus,  it  should  be  apparent   from  the  foregoing  description  of  t he  

preferred  embodiments  that  the  methods  for  operation  of  an  oxygen  air  c a t h o d e  

in  an  e lect rolyt ic   cell  herein  shown  and  described  accomplishes  the  objects  of  t h e  

invention  and  solves  the  problems  a t t endan t   to  such  methodology  for  use  in  a  

production  chlor-alkali  e lec t ro ly t ic   cell  utilizing  an  oxygen  c a t h o d e .  



1.  A  method  for  operat ing  a  chlor-alkal i   e l ec t ro ly t i c   cell  hav ing  

an  anode  c o m p a r t m e n t ,   a'  cathode  c o m p a r t m e n t   divided  from  the  a n o d e  

c o m p a r t m e n t   by  a  separa tor   and  an  oxygen  c o m p a r t m e n t   divided  from  t h e  

cathode  c o m p a r t m e n t   by  an  oxygen  e lec t rode   compris ing  the  steps  of:  f e e d i n g  

an  alkali  metal   halide  solution  to  the  interior  of  the  anode  c o m p a r t m e n t ;   f e e d i n g  

an  aqueous  solution  to  the  interior  of  the  ca thode  c o m p a r t m e n t ;   feeding  a  

molecular   oxygen  containing  fluid  to  the  interior   of  the  oxygen  c o m p a r t m e n t   a t  

a  positive  gauge  pressure;   so  as  t o  accompl i sh   a  total   f lowrate   in  excess  of  t h e  

theore t i ca l   s t o i c h i o m e t r i c   amount  of  oxygen  necessary   for  the  react ion;   app ly ing  

an  e lec t r i ca l   potent ia l   between  the  cathode  and  anode  of  the  e l ec t ro ly t i c   ce l l ;  

removing  halogen  gas  from  the  anode  c o m p a r t m e n t ;   removing  alkali  m e t a l  

hydroxide  from  the  cathode  compar tmen t ;   and  removing   an  oxygen  depleted  f lu id  

from  the  oxygen  c o m p a r t m e n t   while  mainta in ing  the  positive  gauge  p r e s s u r e  

upon  the  in ter ior   of  the  oxygen  c o m p a r t m e n t .  

2.  A  method  according  to  claim  1  wherein  the  positive  g a u g e  

pressure  is  in  the  range  of  0.25  to  500  grams  per  square  c e n t i m e t e r   (0.1  to  200 

inches  of  H 2 0 ) .  

3.  A  method  according  to  claim  2  wherein  the  positive  g a u g e  

pressure  is  in  the  p re fe r red   range  of  5  to  250  grams  per  square  c e n t i m e t e r   (2  t o  

100  inches  of  H 2 0 ) .  

4.  A  method  according  to  claim  3  wherein  the  positive  g a u g e  

pressure  is  in  the  most  p re fe r red   range  of  100  to  200  grams  per  s q u a r e  

c e n t i m e t e r   (40  to  80  inches  of  H 2 0 ) .  

5.  A  method  according  to  claim  1  wherein  the  total   f lowra te   is  in  

the  range  of  1.5  to  10  t imes  the  theore t ica l   s t o i c h i o m e t r i c   amount  of  o x y g e n .  

6.  A  method  according  to  claim  5  wherein  the  total   f lowra te   is  in  

the  p re fe r red   range  of  1.5  to  5  times  the  t heo re t i ca l   s t o i c h i o m e t r i c   amount   o f  

o x y g e n .  

7.  A  method  according  to  claim  1  wherein  the  oxygen  c o n t a i n i n g  

fluid  is  air  with  carbon  dioxide  r e m o v e d .  



8.  e t i o n   for  operat ing  a  chlor-alkal i   e l ec t ro ly t i c   cell  hav ing  

an  anode  c o m p a r t m e n t ,   a  cathode  c o m p a r t m e n t   divided  from  the  a n o d e  

c o m p a r t m e n t   by  a  separa tor   and  an  oxygen  c o m p a r t m e n t   divided  from  t h e  

cathode  c o m p a r t m e n t   by  an  oxygen  e lec t rode   comprising  the  steps  of:  f e e d i n g  

alkali  metal  halide  solution  to  the  interior  of  the  anode  c o m p a r t m e n t ;   feeding  a n  

aqueous  solution  to  the  interior   of  the  ca thode  c o m p a r t m e n t ;   feeding  a  m o l e c u l a r  

oxygen  containing  carbon  dioxide  depleted  gas  having  a  high  humidity  content   t o  

the  interior  of  the  oxygen  c o m p a r t m e n t ;   applying  an  e l ec t r i ca l   potent ia l   b e t w e e n  

the  cathode  and  anode  of  the  e l ec t ro ly t i c   cell;  removing  the  halogen  gas  f r o m  

the  anode  c o m p a r t m e n t ;   removing  the  alkali  metal  hydroxide  from  the  c a t h o d e  

compar tmen t ;   and  removing  the  oxygen  depleted  humidified  gas  from  the  o x y g e n  

c o m p a r t m e n t .  

9.  A  method  according  to  claim  8  wherein  the  oxygen  c o n t a i n i n g  

gas  having  a  high  humidi ty  is  sa tu ra ted   at  40  to  70°C.  and  is  fed  to  the  o x y g e n  

c o m p a r t m e n t   while  in  the  t e m p e r a t u r e   range  of  40  to  9 0 ° C .  

10.  A  chlor-alkal i   e l ec t ro ly t i c   cell  for  the  product ion  of  c h l o r i n e  

and  alkali  metal  hydroxide  comprising:  an  anode  c o m p a r t m e n t   adapted   t o  

contain  an  anolyte  conta ining  an  alkali  metal   chloride;  a  cathode  c o m p a r t m e n t  

adapted  to  contain  a  ca tholy te   containing  an  alkali  metal   hydroxide  and  d iv ided  

from  said  anode  c o m p a r t m e n t   by  a  separa to r ;   a  separa to r ;   an  oxygen  c o m p a r t -  

ment  adopted  to  rece ive   an  oxygen  conta ining  fluid  free  of  carbon  d iox ide ,  

humidified,  at  a  posit ive  gauge  pressure,   and  at  a  positive  total  flow  of  from  1.5 

to  10  times  the  s t o i c h i o m e t r i c   amount  of  oxygen;  an  oxygen  e lec t rode   d iv id ing  

said  cathode  c o m p a r t m e n t   from  said  oxygen  c o m p a r t m e n t ;   means  for  c o n t r o l l i n g  

the  moisture  con ten t   of  the  oxygen  conta ining  substance;   means  for  c o n t r o l l i n g  

the  pressure  of  the  oxygen  containing  substance   within  said  oxygen  c o m p a r t m e n t ;  

means  for  control l ing  the  total  f lowrate   of  the  oxygen  containing  fluid  w i th in  

said  oxygen  c o m p a r t m e n t ;   means  for  removing  chlorine  from  said  a n o d e  

compar tmen t ;   means  for  removing  alkali  metal   hydroxide  from  said  c a t h o d e  

compar tmen t ;   means  for  supplying  alkali  metal  chloride  to  said  anode  c o m -  

par tment ;   and  means  for  supplying  an  e lec t ro lyz ing   e lec t r ica l   energy  to  s a i d  

anode  and  said  c a t h o d e .  

11.  An  e l ec t ro ly t i c   cell  according  to  claim  10  wherein  s a i d  

separa tor   is  a  d i a p h r a g m .  



12.  An  e l ec t ro ly t i c   cell  according  to  claim  10  wherein  sa id  

separa tor   is  a  cation  exchange  m e m b r a n e .  

13.  An  e l ec t ro ly t i c   cell  according  to  claim  12  wherein  said  c a t i o n  

exchange  membrane   is  N A F I O N .  
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