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PR_A—  21  90  728  describes  the  fabrication  of 
sheets  of  carbon  paper  which  comprise  carbon 
fibers  which  are  cut  into  small  filaments  of  a 
length  between  1  and  10  mm  beforehand  and  a 

5  resin  of  polyvinylalcohol  as  a  binder.  Such  sheets 
of  carbon  fiber  are  suitable  as  electrodes  in  fuel 
cells  after  carbonizing  said  resin. 

US—  A—  43  49  428  discloses  the  use  of  a  PTFE 
suspension  for  binding  carbon  powder  to  a  car- 

w  bon  cloth  which  assembly  is  compressed  and 
heated  to  320—  360°C  for  sintering  the  PTFE  par- 
ticles. 

GB—  A—  11  58  580  discloses  the  use  of  PTFE 
suspensions  for  impregnating  carbon  fabrics  to 

15  render  them  more  pliable.  After  baking  the 
impregnated  carbon  fabric,  the  fuel  cell  electrode 
produced  thereby  may  be  rolled  after  depositing 
catalytic  material  on  one  surface  of  said  fabric  and 
said  baking  step. 

20 
Summary  of  the  invention 

It  is  an  object  of  this  invention  to  provide  an 
improved  process  of  producing  a  flexible  fuel  cell 
electrode  from  a  carbon  paper  made  of  carbon 

25  fiber  and  a  carbonized  binder. 
Said  object  is  achieved,  according  to  the 

present  invention,  by  a  process  of  producing  a 
flexible  fuel  cell  electrode  from  a  carbon  paper 
made  of  carbon  fiber  and  a  carbonized  organic 

30  binder;  characterized  by 
infiltrating  a  suspension  of  polytetrafluoro- 

ethylene  into  the  carbon  paper; 
producing  a  mixture  of  catalyst  powder  and  a 

polytetrafluoroethylene  dispersion  to  provide 
35  paste  catalyst; 

coating  the  paste  catalyst  on  the  carbon  paper; 
baking  the  coated  carbon  paper  impregnated 

with  the  polytetrafluoroethylene  at  a  temperature 
more  than  a  melting  point  temperature  of  the 

40  polytetrafluoroethylene  and  not  more  than  a 
decomposition  temperature  thereof;  and 

cutting  the  carbon  fiber  through  thickness 
reduction  of  the  coated  carbon  paper  by  rolling  or 
pressing  so  as  to  provide  a  number  of  cutting 

45  edges  thereof  and  causing  the  polytetrafluoro- 
ethylene  to  infiltrate  into  the  cutting  edges  to  bind 
the  carbon  fiber  having  the  cutting  edges,  thereby 
providing  a  flexible  fuel  cell  electrode  comprising 
a  baked  carbon  plate  and  a  catalyst  layer  thereon. 

so  The  baked  coated  carbon  paper  in  the  process 
of  this  invention  comprises  a  carbon  paper  into 
voids  of  which  polytetrafluoroethylene  is  infil- 
trated,  and  carbon  fibers  constituting  the  carbon 
paper  are  cut  into  pieces  and  said  polytetrafluoro- 

55  ethylene  is  infiltrated  into  at  least  one  of  cutting 
edges. 

This  invention  is  based  on  a  finding  that  a  plate 
obtained  by  coating  a  commercially  available 
carbon  paper  with  polytetrafluoroethylene  and, 

60  after  baking,  rolling  the  paper  is  flexible. 
Commercially  available  carbon  paper  com- 

prises  carbon  fiber  and  a  binder  and  is  carbonized 
by  baking  at  high  temperature  above  2,000°C. 
Although  carbon  papers  of  various  thicknesses 

65  are  commercially  available,  those  having  a  thick- 

Description 

This  invention  relates  to  a  process  of  producing 
a  flexible  fuel  cell  electrode  from  a  carbon  paper 
made  of  carbon  fiber,  and  a  carbonized  organic 
binder. 

The  flexible  fuel  cell  electrode  produced  accord- 
ing  to  the  present  invention  is  suitable  as  an 
electrolyte  plate  of  a  methanol  fuel  cell, 
especially,  a  layer-built  cell  formed  by  stacking  a 
plurality  of  unit  cells. 

Background  of  the  invention 
A  methanol  fuel  cell  or  a  fuel  cell  in  which 

phosphoric  acid  is  used  as  an  electrolyte  and 
hydrogen  is  used  as  a  fuel  has  electrodes  usually 
comprising  a  porous  electroconductive  plate  and 
a  catalyst  layer.  A  carbon  plate  is  mainly  used  as 
the  porous  electroconductive  plate  and  particu- 
larly  a  carbon  paper  is  mainly  used  for  a  methanol 
fuel  cell.  An  example  of  a  fuel  cell  electrode  of  this 
kind  is  described  in  JP—  A—  96458/1981. 

This  publication  describes  that  a  fuel  cell  elec- 
trode  is  made  by  forming  a  catalyst  layer  compris- 
ing  a  uniform  mixture  of  catalyst  carbon  particles 
and  a  water-repellent  binder  on  the  surface  of  an 
electro-conductive  carbon  cloth  having  open 
pores.  It  is  also  described  that  the  electroconduc- 
tive  carbon  cloth  having  open  pores  can  be  made 
by  carbonizing  a  prebaked  carbonaceous  woven 
fabric  at  high  temperature,  and  that  the  catalyst 
carbon  particles  should  contain  catalytic  metal 
particles. 

According  to  the  study  of  the  inventors  of  this 
invention,  a  carbon  electrode  plate  formed  by 
carbonizing  a  carbonaceous  woven  fabric  is  very 
brittle.  For  example,  a  carbon  paper  comprising 
carbon  fiber  and  an  organic  binder  is  easily 
broken  and  separated  when  bent.  The  brittleness 
of  carbon  paper  is  reported  also  in  the  above- 
cited  publication.  For  example,  see  lines  5  to  10,  a 
left  bottom  column,  page  4. 

When  electrodes  are  made  by  using  such  brittle 
carbon  plates  and  assembled  into  a  fuel  cell  of  a 
layer-built  structure,  a  number  of  problems  arise. 
For  example,  when  unit  cells  are  stacked  and  then 
fastened,  the  carbon  plates  are  broken,  resulting 
in  leakage  of  a  fuel  or  an  oxidizing  agent.  In 
addition,  many  problems  arise  when  the  fuel  cell 
is  used  as  a  portable  electric  source.  For  example, 
the  carbon  plates  are  broken  after  repeated  uses, 
resulting  in  leakage  of  a  fuel  or  an  oxidizing  agent 
in  the  same  manner. 

Because  of  the  safety  of  fuel  and  the  low  cell 
voltage,  a  methanol  fuel  cell  is  suitable  as  a  small 
portable  electric  source,  and  is  promising  as,  for 
example,  a  portable  electric  source  for  domestic 
electrical  appliances  and  devices,  or  as  an  electric 
source  for  electrical  products  for  recreation. 
Therefore,  when  compared  with  a  stationary  fuel 
cell  for  electric  power,  etc.,  it  is  necessary  that 
such  a  cell  is  diversified  in  form  and  durable  to 
vibration,  etc.  It  is  unsuitable  to  use  a  brittle 
carbon  plate  in  such  a  methanol  fuel  cell  as  a 
portable  electric  source. 
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togehter.  Such  a  binding  action  of  polytetra- 
fluoroethylene  cannot  be  realized  when  a 
commercially  available  baked  carbon  paper  is 
merely  treated  with  polytetrafluoroethylene.  It  is 

5  most  suitable  that  the  polytetrafluoroethylene  is 
infiltrated  into  all  of  the  cutting  edges  of  the 
carbon  fiber  or  it  is  suitable  that  it  is  infiltrated 
into  at  least  one  third  of  the  total  number  of  the 
cutting  edges  of  the  carbon  fiber. 

10  By  rolling  a  carbon  paper  after  treating  it  with 
polytetrafluoroethylene,  clearances  are  formed  at 
part  of  the  interfaces  between  the  polytetrafluoro- 
ethylene  infiltrated  into  the  voids  among  the 
carbon  fibers  and  the  carbon  fibers.  These 

15  clearances  are  advantageous  rather  than  dis- 
advantageous,  because  they  can  impart  flexibility 
to  the  carbon  plate. 

The  final  thickness  of  the  carbon  plate  of  this 
invention  is  desirably  0.1  to  1  mm.  When  the 

20  thickness  of  the  carbon  plate  is  increased,  the 
carbon  fibers  in  the  interior  of  the  plate  can  be 
difficultly  cut,  which  worsens  flexibility.  The  mini- 
mum  thickness  of  a  carbon  plate  is  determined 
from  the  production  of  the  carbon  paper,  and  a 

25  carbon  plate  having  the  minimum  possible  thick- 
ness  attainable  in  the  production  can  be  applied 
to  this  invention  and  can  be  given  flexibility. 

The  production  process  of  the  carbon  plate  of 
this  invention  comprises  a  step  of  infiltrating  a 

30  suspension  of  polytetrafluoroethylene  into  a  car- 
bon  paper,  a  step  of  baking  the  impregnated 
paper  at  a  temperature  of  from  the  melting 
temperature  of  the  polytetrafluoroethylene  to  its 
decomposition  temperature,  and  a  step  of  rolling 

35  or  pressing  the  carbon  paper.  The  rolling  or 
pressing  may  be  performed  either  after  or  before 
the  step  of  baking.  It  is  desirable  that  the  baking 
temperature  is  in  the  range  of  from  330  to  400°C. 
This  step  of  baking  is  required  to  impart  a  func- 

40  tion  as  a  binder  to  the  polytetrafluoroethylene. 
As  means  for  breaking  carbon  fiber,  rolling  or 

pressing  can  be  used.  It  is  desirable  that  the  plate 
thickness  reduction  rate  in  this  case  is  60  to  80%. 

An  electrode  for  a  fuel  cell  is  obtained  by 
45  forming  a  catalyst  layer  on  the  carbon  plate  of  this 

invention.  The  structure  of  the  catalyst  layer 
comprises  electroconductive  particles  carrying  a 
catalytically  active  component  and  a  binder.  It  is 
desirable  that  the  electroconductive  particles 

50  comprise  carbon  particles  which  may  be  acety- 
lene  black,  furnace  black  or  the  like.  The  catalyti- 
cally  active  component  is  selected  from  among 
noble  metals  of  the  elements  of  Group  VIII  of  the 
Periodic  Table,  including,  for  example,  platinum, 

55  ruthenium,  rhodium,  palladium  and  iridium, 
among  which  platinum  is  particularly  preferable. 
As  regards  a  method  for  forming  the  catalyst 
layer  on  the  carbon  plate,  any  known  method  is 
applicable,  including  a  method  described  in 

60  JP—  A—  96458/1981. 
It  is  provided  that  polytetrafluoroethylene  is 

used  as  the  binder  for  the  catalyst  layer,  and  is 
order  to  allow  this  polytetrafluoroethylene  to  act 
as  a  binder,  it  is  necessary  that  the  formed 

65  catalyst  layer  is  baked  at  a  temperature  of  from 

ness  of  0.1  to  1  mm  are  suitable  for  a  methanol 
fuel  cell.  As  the  binder  for  a  commercially  avail- 
able  carbon  paper,  an  organic  binder  such  as  a 
phenolic  resin  is  used.  This  binder  is  also  one 
carbonized  by  baking  at  high  temperature  in  other 
words,  the  binder  has  no  or  scarcely  any  binding 
function  in  a  commercially  available  baked  car- 
bon  paper. 

As  mentioned  above,  such  a  carbonized  carbon 
paper  is  easily  broken  even  when  it  is  slightly  bent 
in  the  form  of  an  arch. 

When  a  carbon  paper  is  used  as  a  plate  for  a 
fuel  cell  electrode,  it  is  a  usual  practice  to  treat  it 
for  imparting  water  repellency  before  use.  The 
water  repellency  can  be  imparted  by  impregnat- 
ing  a  carbon  paper  with,  for  example,  a  suspen- 
sion  of  polytetrafluoroethylene. 

The  inventors  of  this  invention  have  succeeded 
in  imparting  flexibility  to  a  carbn  paper  by  treating 
it  with  polytetrafluoroethylene  and  rolling  the 
baked  carbon  paper  after  baking,  and  con- 
sequently  succeeded  in  obtaining  a  baked  carbon 
plate  having  both  flexibility  and  water  repellency. 
Further,  we  have  recognized  that  it  is  possible  to 
impart  flexibility  to  it  even  when  the  rolling  step 
precedes  the  baking  step.  In  this  case,  however, 
slight  deformation  of  a  plate  occurs. 

The  examination  about  the  structures  of  a  plate 
obtained  by  treating  a  commercially  available 
carbon  paper  with  polytetrafluoroethylene  and 
rolling  it  after  baking  and  a  plate  obtained  when 
the  rolling  precedes  the  baking  revealed  that  they 
had  structures  in  which  the  carbon  fiber  in  the 
carbon  paper  was  cut  into  pieces  and  polytetra- 
fluoroethylene  was  infiltrated  into  at  least  one  of 
cutting  edges  of  the  carbon  fiber. 

In  the  carbon  plate  before  rolling,"  substantially 
no  cutting  edge  of  the  carbon  fiber  is  observed 
and  polytetrafluoroethylene  is  infiltrated  into  only 
voids  among  the  carbon  fibers.  In  the  carbon 
plate  of  this  invention,  the  carbon  fiber  is  cut  by 
rolling  and  part  of  the  polytetrafluoroethylene 
which  is  infiltrated  into  the  voids  among  the 
carbon  fibers  penetrates  by  flow  into  the  cutting 
edges. 

It  is  preferable  that  the  number  of  the  cutting 
edges  of  the  carbon  fiber  in  the  carbon  plate  of 
this  invention  be  at  least  20  per  square  millimeter, 
preferably,  up  to  300  per  square  millimeter,  if 
possible.  When  this  number  is  excessively  small, 
no  flexibility  can  be  imparted  to  the  plate, 
whereas  when  this  number  is  excessively  large, 
the  plate  is  so  weak  in  strength  that  it  is  not 
suitable  as  a  plate  for  a  fuel  cell  electrode.  The 
number  of  the  cutting  edges  of  the  carbon  fiber 
which  is  greater  than  20  per  square  millimeter  is 
far  greater  than  that  in  the  usual  commercially 
available  baked  carbon  paper  and  can  be 
achieved  by  application  of  a  processing  such  as 
rolling  or  pressing.  A  particularly  suitable  range 
of  the  number  of  the  cutting  edges  of  carbon  fiber 
is  50  to  150. 

The  polytetrafluoroethylene  which  is  infiltrated 
into  the  cutting  edges  of  carbon  fiber  plays  a  role 
of  a  binder  for  binding  the  cut  carbon  fibers 
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pieces,  and  the  number  of  the  contact  points 
among  the  carbon  fiber  pieces  increases,  and  the 
thickness  of  an  electrode  is  reduced  by  rolling. 
Specifically,  its  electric  resistance  is  0.1  Qcm  or 

5  below.  In  addition,  since  no  PTFE  fiber  is  used  in 
the  electrode  plate  and  carbon  paper  is  used  as  a 
base/the  water  repellency  is  improved  and,  there- 

fore,  it  can  be  used  also  in  a  liquid  fuel  cell.  In 

addition,  it  does  not  have  a  structure  in  which 

,o  carbon  powder  is  embedded  in  the  network  of 

PTFE  fiber,  it  is  freed  from  a  problem  that  the 

peeling  of  the  electroconductive  substance  due  to 

heat  history  o c c u r s . . .  
Because  each  of  the  carbon  fiber  pieces  is  held 

is  and  fixed  by  means  of  PTFE,  the  above  fuel  cell 
electrode  plate  can  show  flexibility.  "Showing 
flexibility"  means  a  case  where  the  plate  can  form 

a  cylinder  of  a  diameter  of  1  to  10  cm  without 

20  
b6|n  thJpToduction  of  the  fuel  cell  electrode  plate 
of  this  invention,  it  is  necessary  that,  after  fixing 
PTFE  on  a  carbon,  paper  base,  the  carbon  paper  is 
baked  before  or  after  rolling.  By  this  baking, 
nonconductive  organic  substances  contained  in 

25  the  carbon  paper  base  can  be  removed.  The  PTht 

can  be  fixed  on  the  carbon  paper  base  by  lmmers- 
inq  the  base  in  a  PTFE  solution  and  drying  it. 

The  carbon  paper  can  be  rolled  by  passing  it 

between  rollers  having  a  defi"ite  9 ^ ^ % ^  
30  between  the  rollers  is  adjusted  within  20  to  80  /o 

of  the  initial  thickness  of  the  carbon  paper  base. 

Especially,  the  gap  between  the  rollers  is  desir- 

ably  60  to  80%  of  the  initial  thickness  of  the  base 

so  as  to  prevent  the  carbon  paper  from  being 

35  broken  and  prevent  a  fuel  and  an  oxidizing  agent 

gas  from  being  diffused. 
The  electrode  plate  obtained  according  to  this 

invention  is  coated  with  a  catalyst  layer  prepared 
by  allowing  a  porous  carbon  carrier  such  as 

40  furnace  black  or  carbon  black  to  support  Platmum 
or  ruthenium  to  constitute  an  electrode.  Methods 

for  supporting  may  be  any  of  usual  methods  for 

catalyst  preparation,  such  as  impregnation,  inter- 
current  method,  and  kneading  method.  A  catalyst 

45  paste  prepared  by  kneading  a  catalyst  powder 
with  distilled  water  and  a  binder,  for  example, 
PTFE  is  applied  to  the  plate  and  the  carbon  is  fixed 

to  form  an  electrode.  The  catalyst  layer  on  the 

flexible  plate  is  given  flexibility  by  the  bmder,  so 

so  that  it  is  possible  to  render  the  entire  electrode 
flexible  by  using  such  a  plate.  Although  the 

application  of  the  catalyst  layer  can  be  performed 
before  or  after  rolling,  the  application  of  the 

catalyst  before  rolling  is  provided  because  it  is 

55  possible  to  prevent  the  peeling  of  the  catalyst 

layer. 

Brief  description  of  the  drawings 
Fig  1  is  a  sectional  view  illustrating  the  confi- 

eo  guraton  of  a  methanol  fuel  cell  produced  accord- 

ing  to  an  example  of  this  invention,  Fig.  2  is  a 
characteristic  diagram  showing  the  relationships 
between  electric  resistances  and  pressing 
pressures  for  various  carbon  plates,  Fig.  3  shows 

65  a  photograph  of  a  scanning  electron  microscope. 

the  melting  temperature  of  the  polytetrafluoro- 
ethylene  to  its  decomposition  temperature.  It  is 
desirable  that  this  baking  temperature  is  also 

within  the  range  of  from  330  to  400°C. 
When  a  fuel  cell  is  produced  by  using  a  carbon 

paper  treated  with  polytetrafluoroethylene,  the 

step  of  rolling  or  pressing  in  the  production  of  a 
carbon  plate  is  preceded  by  the  step  of  cata  ys 
layer  formation.  The  final  thickness  of  the  catalyst 

layer  is  preferably  within  the  range  of  from  0.05  to 

°'Arfu1ei  cell  which  may  be  fabricated  using  the 

process  of  this  invention  has  a  pair  of  opposed 
electrodes,  a  fuel  chamber  and  an  oxidizing  agent 
chamber.  The  anode  of  the  electrode  pair  may  be 

called  fuel  electrode  and  the  cathode  may  be 

called  oxidizing  agent  electrode.  In  a  methanol 
fuel  cell,  the  fuel  chamber  is  fed  with  an  anolyte 
containing  methanol,  and  the  oxidizing  agent 
chamber  is  fed  with  air.  While  an  electrolyte  is 

placed  between  the  pair  of  the  electrodes,  this 

placement  can  be  performed  by  using  an  «on 
exchange  membrane  containing  an  electro  yte. 

In  a  methanol  fuel  cell,  a  plurality  of  stacked 
unit  cells  are  used.  The  stacked  unit  cells  are 
fastened  with  bolts  or  the  like.  The  f ann ing  
pressure  reaches  as  high  as  above  30  N/mm  3 

kq/mm2)  for  stacking  40  unit  cells.  The  fuel  cell  in 
which  the  carbon  plates  of  the  invention  are  used 

as  electrode  plates  is  not  broken  by  this  fastening 

P7nSSaUmethanol  fuel  cell,  it  is  desirable  that  the 

pore  diameter  and/or  the  pore  volume  of  the 

catalyst  layer  on  the  cathode  are  different  from 
those  of  the  catalyst  layer  on  the  anode,  with  the 

former  being  larger.  This  makes  it  possibly  to 
enhance  its  cell  voltage.  In  order  to  differentiate 
the  pore  diameter  and/or  the  pore  volume  of  the 

catalyst  layer  on  the  anode  from  those  of  the 

catalyst  on  the  cathode,  it  is  desirable  that  rol  ling 

or  pressing  is  performed  after  catalyst  formation 
and  the  plate  thickness  reduction  rate  is  changed 
for  each  case.  More  particularly,  it  is  des.rab  e 
that  the  anode  is  processed  so  that  the  final  plate 
thickness  may  be  20  to  40%  thinner  than  that 
before  the  processing,  that  is,  it  is  processed  so 
that  the  final  plate  thickness  may  be  60  to  80  /o  of 

that  before  processing.  It  is  des.rable  that  the  final 

plate  thickness  of  the  cathode  is  not  smaller  than 
80%  of  that  before  the  processing,  preferably,  the 
reduction  in  the  plate  thickness  is  within  15  to 
20%  of  the  thickness  before  processing. 

This  invention  is  directed  toward  obtaining  a 
flexible  fuel  cell  electrode  plate  by  infiltrating 
PTFE  as  a  water-repellent  binder  into  carbon 

paper  as  a  conventionally  used  electroconductive 

porous  base  and  rolling  the  base  to  cut  the  carbon 
fiber  of  the  carbon  paper  into  a  plurality  of  short 
carbon  fibers  and  fixing  the  cut  carbon  fiber 

pieces  by  means  of  the  PTFE  used  as  a  binder  for 

the  carbon  fiber. 
The  above  fuel  cell  electrode  plate  produced 

according  to  this  invention  has  a  decreased  elec- 
tric  resistance  because  the  carbon  fibers  con- 
stituting  the  electrode  plate  are  cut  into  fine 
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showing  the  state  of  a  carbon  plate  in  a  conven- tional  electrode.  Fig.  4  is  a  photograph  of  a scanning  electron  microscope,  showing  the  state of  the  carbon  fibers  of  the  electrode  produced according  to  this  invention,  Fig.  5  is  a  photograph of  a  scanning  electron  microscope,  showing  the state  of  the  carbon  fibers  at  the  section  of  the conventional  electrode.  Fig.  6  is  a  photograph  of  a scanning  electron  microscope,  showing  the  state of  the  carbon  fibers  at  the  section  of  the  electrode of  this  invention.  Fig.  7  shows  characteristic  dia- 

grams  of  the  electric  resistances  of  electrodes, Fig.  8  is  a  characteristic  diagram  showing  the relationship  between  the  width  of  a  measurement point  about  an  electrode  thickness  and  a measurement  point,  Fig.  9  is  a  characteristic 
diagram  showing  the  current  density-anode  per- formance.  Fig.  10  is  a  characteristic  diagram showing  the  current  density-potential  of  a cathode.  Fig.  11  is  a  characteristic  diagram  show- 
ing  the  relationship  between  the  compaction  rate of  an  anode  or  a  cathode,  and  potential.  Fig.  12  is a  characteristic  diagram  showing  the  current  den- 
sity-potential  of  a  cathode.  Fig.  13  is  a  diagram showing  the  current  density-voltage  of  a  unit  cell, and  Fig.  14  is  a  diagram  showing  the  relationship between  cell  voltages  and  operation  times.  Fig  15 is  a  graph  showing  a  relationship  between  a current  density  and  a  cell  voltage.  Fig.  16  is  a graph  showing  a  relationship  between  an  oper- ation  time  and  a  cell  voltage. 

Detailed  description  of  the  invention 
Fig.  1  is  a  sectional  view  of  an  example  of  the unit  cell  of  a  methanol  fuel  cell  produced  by  using  3 this  invention.  An  actual  cell  has  a  structure  in which  a  plurality  of  such  cells  are  stcked. The  unit  cell  structure  of  the  methanol  fuel  has a  pair  of  opposed  electrodes,  i.e.,  an  anode  3  and a  cathode  8,  and  an  electrolyte-containing  ion  4 exchange  membrane  11  sandwiched  between these  electrodes.  The  anode  3  comprises  an electroconductive  porous  plate  4  and  a  catalyti- cally  active  component-carrying  electroconduc- tive  porous  particle  layer  5  formed  on  at  least  the  4t electrolyte  side  of  the  surfaces  of  said  plate.  The cathode  8  comprises  an  electroconductive  porous plate  9  and  a  catalytically  active  component- carrying  electroconductive  porous  particle  layer 10  formed  on  at  least  the  electrolyte  side  of  the  so surfaces  of  said  plate. 

The  anode  3  has  a  fuel  separation  plate  1  on  the side  opposite  to  the  electrolyte,  and  the  surface  of this  plate  1  (collector  plate)  in  contact  with  the anode  has  a  plurality  of  grooves  for  feeding  an  55 anolyte  containing  methanol.  Spaces  called  fuel chambers  2  are  formed  by  these  grooves  and  the anode  which  covers  the  opening  of  each  groove Likewise,  the  cathode  8  has  a  gas  separation p  ate  (collector  plate)  6  on  the  side  opposite  to  the  60 electrolyte,  and  this  plate  6  has  a  plurality  of grooves  for  feeding  a  gas  containing  oxygen Spaces  called  oxidizing  agent  chambers  7  are formed  by  these  grooves  and  the  anode  which covers  the  opening  of  each  groove.  65 

The  structure  shown  in  Fig.  1  is  identical  with the  commonest  structure  of  a  unit  cell  for  a methanol  fuel  cell.  When  a  cell  is  formed  by stacking  such  unit  cells,  the  cells  must  be  fastened 
sufficiently  in  order  to  decrease  contact  resistance between  the  cells  to  a  minimum.  As  a  result  of 
pressing  the  rib  12  of  the  separation  plate  (collec- tor  plate)  1  against  the  electrodes  3  and  8  the relatively  hard  electrodes  are  partially  broken  As a  consequence,  the  flow  of  methanol  as  a  fuel  into the  oxidizing  agent  electrode  or  the  leakage  of  the electrolyte  into  the  oxidizing  agent  chamber 
occurs,  thus  causing  a  decrease  in  the  cell  perfor- mances. 

Therefore,  it  is  necessary  to  prevent  the  elec- trodes  from  being  broken  by  fastening  the stacked  cells.  For  this  purpose,  it  is  necessary  to impart  flexibility  to  the  electrodes  as  a  whole One  method  for  imparting  flexibility  to  an  elec- trode  comprises  using  a  carbon  felt  as  an  elec- troconductive  porous  plate  serving  as  an  elec- trode  plate  instead  of  the  carbon  paper.  However because  commercially  available  carbon  felt  of  this kind  has  a  high  electric  resistance  (above  1 Q  -cm  )  and  a  large  output  drop  due  to  IR  loss  it is  far  from  a  practical  plate  material. 
Therefore,  studies  were  made  on  the  rolling  of  a conventional  electrode. 
As  a  result  of  these  studies,  it  was  found  that high  flexibility  could  be  imparted  to  a  conven- tional  electrode  by  rolling  it.  A  similar  reult  could be  obtained  by  pressing. 
As  regards  the  anode,  because  of  the  use  of  a liquid  fuel,  a  good  fuel  electrode  could  be obtained  by  passing  a  conventional  electrode  at least  several  times  between  rollers  having  a  qap of  80%  of  the  initial  thickness  of  the  electrode The  thickness  of  a  rolled  electrode  is  desirably  60 to  80%  of  the  initial  thickness  of  the  electrode  On the  other  hand,  an  air  electrode  is  desired  to  have a  thickness  of  at  least  80%  of  its  initial  thickness because  it  is  a  gas  diffusion  electrode  and  the diffusion  of  the  gas  is  inhibited  by  the  electrolyte when  its  thickness  is  reduced  by  rolling. 

Example  1 
A  0.5  mm  thick  commercially  available  carbon 

paper  was  rolled.  This  carbon  paper  was  com- posed  of  carbon  fiber  and  an  organic  binder  and carbonized  by  high  temperature  baking.  When bent,  the  carbon  paper  before  rolling  was  broken at  a  bending  angle  of  60°.  When  bent,  the  carbon 
paper  after  rolling  was  not  broken  at  a  bendinq angle  of  60°  and  could  be  formed  into  a  cylinder having  a  diameter  of  5  cm. 

In  order  to  determine  their  applicability  to  fuel cell  electrodes,  the  above  two  carbon  papers  and a  commercially  available  carbon  felt  were measured  for  their  electric  resistances  The 
measurement  was  made  by  sandwiching  a  car- bon  paper  or  a  carbon  felt  between  two  metallic plates  acting  as  collector  plates  and  pressing  the metallic  plates  against  the  carbon  paper  or  the carbon  felt.  Fig.  2  shows  the  relationship  between electrical  resistances  and  pressing  pressures 
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invention.  The  magnification  was  x230  in  each 
case. 

While  the  conventional  electrode  had  a  catalyst 
thickness  of  about  1  20  urn  and  a  plate  thickness  of 

5  350  urn,  the  electrode  of  this  invention  in  which 
the  boundary  between  the  catalyst  layer  and  the 
plate  was  not  clear  had  a  catalyst  layer  thickness 
of  about  52  urn  and  a  plate  thickness  of  about  300 
urn,  and  thus,  the  thickness  of  the  electrode  after 

10  rolling  corresponded  to  about  75%  of  its  initial 
thickness.  In  more  detail,  the  thickness  of  the 
catalyst  layer  was  decreased  to  43%  and  that  of 
the  plate  was  decreased  to  86%,  suggesting  that 
the  thickness  of  the  catalyst  layer  was  markedly 

15  changed  by  rolling. 
Fig.  7  shows  the  results  of  measurements  of 

their  electric  resistances.  As  Fig.  7  shows,  the 
resistances  of  both  the  conventional  and  the 
invention  electrodes  were  0.1  D.  •  cm2  or  below  at 

20  35  N/cm2  (3.5  kg/cm2)  and  the  electrode  of  this 
invention  had  a  somewhat  smaller  value,  though 
these  values  varied  with  pressing  pressure,  Here, 
the  measurements  were  made  by  the  four-ter- 
minal  resistor  method. 

25  Fig.  8  shows  the  width  in  percentage  obtained 
when  the  thicknesses  of  each  of  the  conventional 
electrode  before  and  after  rolling  were  measured 
at  ten  points.  A  dispersion  of  ±10%  was  observed 
for  the  electrode  before  rolling,  while  a  dispersion 

30  of  1.5%  was  observed  for  the  electrode  after 
rolling,  which  represented  a  markedly  improved 
accuracy  of  electrode  thickness. 

Fig.  9  shows  the  results  of  measurements  of  the 
current  density-potential  characteristic  of  the  con- 

35  ventional  electrode  before  rolling  and  the  anode 
of  this  invention.  As  regards  the  performance  of  a 
methanol  electrode,  the  lower  its  potential,  the 
better  its  performances.  As  Fig.  9  shows,  the 
electrode  of  this  invention  showed  performances 

40  which  were  better  by  about  25  mV  at  a  current 
density  of  60  mA/cm2.  This  difference  became 
marked  on  the  side  of  lower  current  density.  The 
reaction  at  the  methanol  electrode  is  a  reaction  in 
which  carbon  dioxide  gas  is  formed,  as  shown  by 

45  the  following  formula: 

CH3OH+H2O-»CO2+6H++6e-. 

Although  this  reaction  was  accompanied  by  many 
50  side  reactions  and,  so,  its  reaction  mechanism  is 

not  clear,  it  was  presumed  that  the  plate  played  a 
peculiar  behavior  on  the  side  of  lower  current 
density  through  some  contribution  of  changes  in 
the  surface  of  the  electrode  of  this  invention. 

55  Fig.  10  shows  the  refults  of  measurements  of 
the  cathode. 

As  Fig.  10  shows,  when  compared  with  the 
electrode  before  rolling,  the  electrode  of  this 
invention  was  markedly  decreased  in  the  per- 

60  formance  on  the  side  of  higher  current  density 
though  its  electric  resistance  was  decreased.  This 
was  understood  as  follows.  The  pore  volume  of 
the  catalyst  layer  was  decreased  by  rolling,  and  in 
this  case,  if  the  same  amount  of  an  electrolyte 

65  was  infiltrated  into  the  pores,  the  space  for  gas  to 

When  rolled,  the  carbon  paper  was  decreased 
slightly  in  electrical  resistance  and  became  more 
suitable  as  a  plate  for  fuel  cell  electrode. 

Example  2 
This  example  describes  the  results  of 

measurements  of  the  flexibility  of  electrodes, 
electric  resistances,  changes  in  thickness,  and 
single  electrode  potentials  of  anodes  and 
cathodes  in  case  of  a  conventional  anode  and 
cathode  which  had  been  reduced  in  thickness  to 
about  70%  of  its  initial  electrode  thickness  by 
rolling. 

These  anode  and  cathode  were  made  according 
to  the  following  procedure. 

Anode:  A  PTFE-pretreated  carbon  paper  plate 
(14  mg/cm2  PTFE)  was  coated  with  a  paste 
obtained  by  adding  a  catalyst  powder  (carrying  30 
wt.  %  Ft)  obtained  by  wet  reduction  to  provide  a 
platinum/ruthenium  atomic  ratio  of  1  :1  and  Polyf- 
lon  dispersion  D-1  (a  product  of  Daikin  Industries 
Co.,  Ltd.)  to  furnace  black  so  that  the  content  of 
polytetrafluoroethylene  (hereinafter  abbreviated 
as  PTFE),  might  be  30  wt.  %  and  baked  in  air  at 
300°C  for  30  minutes. 

Cathode:  A  paste  obtained  by  mixing  furnace 
black  with  a  catalyst  powder  (carrying  30  wt.  %  Pt) 
prepared  by  wet  reduction  of  Pt  and  the  above 
dispersion  in  an  amount  to  provide  a  PTFE  con- 
tent  of  30  wt.  %  was  applied  to  a  PTFE-pretreated 
carbon  paper  plate  (8  mg/cm2  PTFE)  and  baked  in 
air  at  300°C  for  30  minutes. 

The  above  electrodes  were  rolled  so  that  the 
final  thicknesses  of  the  electrodes  might  be  about 
70%  of  the  initial  thicknesses.  The  electrode 
before  rolling  (conventional  one)  was  broken  into 
two  pieces  when  it  was  bent  at  a  bending  angle  of 
60°C  or  larger.  However,  the  electrode  was  not 
damaged  at  all  even  when  it  was  formed  into  a 
cylinder  of  a  diameter  of  about  3  cm  after  rolling. 

With  the  conventional  electrode  and  that  of  this 
invention,  the  state  of  carbon  fiber  on  the  surface 
on  which  no  catalyst  layer  was  formed  was 
observed  with  the  aid  of  photographs  of  a  scan- 
ning  electron  microscope.  Fig.  3  is  a  photomicro- 
graph  of  a  conventional  electrode,  and  Fig.  4  is  a 
photograph  of  an  example  of  this  invention.  The 
magnification  was  x  190  in  each  case. 

In  the  electrode  of  this  invention,  the  carbon 
fiber  was  cut  into  fine  pieces.  The  number  of  the 
cutting  edges  was  overwhelmingly  larger  than 
that  of  the  conventional  example  in  Fig.  3.  Poly- 
tetrafluoroethylene  was  infiltrated  into  a  con- 
siderable  portion,  i.e.,  about  at  least  one  third  of 
the  cutting  edges  of  the  carbon  fiber  and  func- 
tions  as  a  binder  for  binding  the  cut  carbon  fiber 
pieces.  As  regards  the  number  of  the  interfaces 
between  the  carbon  fibers  and  the  polytetra- 
fluoroethylene,  it  was  larger  in  the  invention  than 
in  the  conventional  example. 

Figs.  5  and  6  show  photographs  of  a  scanning 
electron  microscope  showing  the  state  of  carbon 
fibers  on  the  section  of  an  electrode.  Fig.  5  shows 
a  photograph  of  a  conventional  electrode,  and 
Fig.  6  shows  a  photograph  of  the  electrode  of  this 
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Example  5 
This  example  is  concerned  with  a  left  test  of  the 

unit  cell  obtained  in  Example  1.  This  unit  cell  was 
discharged  at  a  constant  current  density  of  60  mA/ 
cm2,  and  its  voltage  change  was  measured.  The 
temperature  was  60°C  and  the  anolyte  contained 

1.0  mol/l  CH3OH—  1.5  mol/l  H2SO4. 

As  compared  with  a  cell  having  a  conventional 
electrode,  the  cell  of  this  invention  showed  a 
voltage  higher  by  about  40  mV,  and  both  of  these 
cells  showed  each  a  voltage  drop  of  about  10  mV 
in  relation  to  the  initial  voltage  after  500  hours, 
but  gave  almost  stable  results. 

Further  invention  will  now  be  described  in  more 
detail  with  reference  to  examples. 

Electrode  plate  preparation  Example  1 
A  carbon  paper,  which  was  a  conventional 

electroconductive  porous  base,  was  immersed  in 
an  aqueous  solution  of  Polyflon  dispersion  D-1 
(Diakin  Industries,  Co.,  Ltd.)  to  infiltrate  4  mg/cm2 
of  PTFE  into  the  paper  and,  after  drying,  it  was 
baked  in  a  baking  oven  at  300  to  400°C  for  1  hour. 
The  obtained  plate  was  rolled  to  about  70%  of  the 
initial  thickness  of  the  plate  to  obtain  a  flexible 
plate  A. 

Electrode  plate  preparation  Example  2 
A  flexible  plate  was  obtained  by  preparing  a 

plate  in  the  same  was  as  in  preparation  Example  1 
except  that  8  mg/cm2  of  PTFE  was  infiltrated  into 
the  carbon  paper  as  used  in  preparation  Example 
1.  The  obtained  plate  is  referred  to  as  flexible 
plate  B. 

Comparative  Example  1 
Comparison  was  made  among  the  bending 

limits  of  a  plate  prepared  by  fixing  8  mg/cm2  of 
PTFE  on  a  conventional  carbon  paper  plate  and 
the  above  flexible  plates  A  and  B. 

The  conventional  carbon  paper  plate,  even 
when  fixed  with  PTFE,  was  divided  into  two 
pieces  at  a  bending  angle  of  60°  or  larger.  On  the 
contrary,  flexible  plates  A  and  B  could  be  formed 
into  cylinders  of  a  diameter  of  about  5  cm  without 
being  damaged  at  all  even  when  they  had  same 
sizes  as  that  of  the  conventional  plate. 

Comparative  Example  2 
Comparison  was  made  among  the  electrical 

resistances  of  flexible  plate  B,  the  conventional 
carbon  paper  plate,  a  carbon  felt,  and  a  carbon 
film.  Fig.  2  shows  the  measured  values  of  their 
electric  resistances. 

In  Fig.  2,  21  is  a  graph  for  carbon  felt,  23  is  a 
graph  for  carbon  paper,  and  24  is  a  graph  for  the 
flexible  plate.  With  respect  to  the  order  of  their 
resistance  values,  the  flexible  plate  B  had  the 
smallest  resistance  value,  and  their  values  were 
increasing  in  the  following  order:  carbon  paper, 
carbon  film,  and  carbon  felt.  The  carbon  felt  and 
the  carbon  film  had  high  resistance  values 
because  they  were  not  baked  and  so  contained 

form  an  interface  among  three  phases  of  gas- 
liquid-solid,  i.e.,  the  space  for  gas  diffusion,  was 
hindered,  which  caused  a  lowered  performance. 

Example  3  5 
Because  it  was  presumed  that  an  optimal  range 

should  be  present  in  the  compaction  of  the 
catalyst  layer  on  the  anode  or  the  cathode  by 
rolling,  the  relationship  between  reduction  rates 
based  on  the  initial  electrode  thickness  and  per-  10 
formances  was  determined.  Fig.  11  shows  the 
results.  The  potential  in  this  figure  represents  a 
value  at  a  current  density  of  60  mA/cm2.  As 
regards  the  anode,  a  nearly  constant  potential 
was  shown  as  a  thickness  corresponding  to  80  to  15 
60%  of  the  initial  thickness  of  the  electrode,  and 
this  anode  was  improved  by  about  25  mV  as 
compared  with  the  conventional  electrode.  On  the 
other  hand,  as  regards  the  cathode,  its  perfor- 
mances  changed  slightly  within  a  thickness  corre-  20 
sponding  to  about  80%  of  the  initial  thickness  of 
the  electrode,  but  markedly  decreased  when  the 
thickness  was  decreased  beyond  this  value.  The 
above  results  revealed  that  the  limit  of  the  thick- 
ness  reduction  rate  was  60  to  80%  for  an  anode  25 
and  80%  for  a  cathode  in  relation  to  the  initial 
thickness  of  an  electrode. 

Fig.  12  shows  the  results  of  measurements  of 
the  current-potential  characteristics  of  an  air 
anode  having  a  thickness  of  80%  after  rolling.  30 
Quite  the  same  characteristic  as  shown  in  Fig.  10 
for  the  conventional  electrode  before  rolling  was 
obtained. 

Example  4  35 
In  this  example,  the  current  density-voltage 

characteristics  of  a  unit  cell  in  which  the  present 
invention  anode  obtained  in  Fig.  9  and  the 
cathode  obtained  in  Fig.  12  were  utilized  were 
determined.  Fig.  13  shows  the  results.  It  shows  40 
also  the  characteristic  diagram  of  a  unit  cell  in 
which  conventional  electrodes  were  used.  The 
available  area  of  an  electrode  of  a  cell  used  in  this 
example  was  25  cm2,  the  anolyte  used  as  a  fuel 
was  45 

1.0  mol/l  CH3OH—  1.5  mol/l  H2SO4, 

and  the  measurement  temperature  was  60°C. 
The  characteristics  of  the  cathode  of  this  inven-  so 

tion  were  nearly  the  same  as  those  of  the  conven- 
tional  electrode,  while  those  of  the  anode  were 
improved  by  about  25  mV  at  a  current  density  of 
60  mA/cm2.  However,  when  assembled  into  a  cell, 
it  showed  a  voltage  higher  by  15  mV  than  its  55 
single  electrode  potential,  that  is,  higher  by  40  mV 
(60  mA/cm2)  than  the  conventional  cell.  This  could 
be  understood  as  follows.  When  compacted,  the 
electrode  could  be  given  flexibility  and  became 
uniform  in  kness  of  an  electrode,  so  that  the  60 
adhesion  among  an  electrode,  an  ion  exchange 
membrane  and  a  collector  plate  was  increased. 

65 
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kneaded  and  mixed  with  0.55  ml  of  Polyflon 
dispersion  D-1  .  The  obtained  paste  was  applied  to 
flexible  plate  B  (100x128  mm).  After  drying  in  air, 
it  was  baked  in  air  at  300°C  for  about  30  minutes. 

5  This  is  referred  to  as  oxidizing  agent  electrode  A. 

Electrode  preparation  Example  4 
An  electrode  was  prepared  in  the  same  way  as 

in  Electrode  preparation  Example  3  except  that  8 
10  mg/cm2  of  PFTE  was  infiltrated  into  a  conven- 

tional  carbon  paper  plate.  This  electrode  is 
referred  to  as  oxidizing  agent  electrode  B. 

Voltage  measurement  Example  1 
15  This  example  was  carried  out  by  constituting  a 

unit  cell  from  fuel  electrode  A  and  oxidizing  agent 
electrode  A  in  each  of  which  a  flexible  plate  was 
used  and  measuring  the  current  density-voltage 
characteristic  of  the  unit  cell.  An  ion  exchange 

20  membrane  (a  product  of  Asahi  Chemical  Industry 
Co.,  CMV)  impregnated  with  3  mol/l  of  sulfuric 
acid,  as  an  electrolyte,  was  sandwiched  between 
the  electrodes.  An  anolyte  (1  mol/l  methanol/1.5 
moi/l  sulfuric  acid)  was  fed  as  a  fuel  and  air  was 

25  fed  as  an  oxidizing  agent.  The  temperature  of  the 
unit  cell  was  60°C.  Fig.  15  —  31  shows  the  results. 

Comparative  Example  3 
Current  density-voltage  characteristics  were 

30  measured  in  the  same  way  as  in  Voltage 
measurement  Example  1  except  that  fuel  elec- 
trode  B  and  oxidizing  agent  electrode  B  were 
used.  Fig.  15—32  shows  the  results. 

Fig.  15  shows  that  the  unit  cell  in  which  the 
35  flexible  plate  of  this  invention  was  used  showed  a 

voltage  higher  by  30  mV  (60  mA/cm2)  than  that  of 
the  cell  in  which  a  conventional  plate  was  used. 
This  is  because  the  adhesion  of  the  electrodes  to 
the  ion  exchange  membrane  and  to  the  separator 

40  was  improved  through  the  flexibility  of  the  plate 
of  this  invention. 

Voltage  measurement  Example  2 
This  example  was  performed  by  continuously 

45  operating  the  unit  cell  used  in  Voltage 
Measurement  Example  1  at  a  current  density  of  60 
mA/cm2.  The  temperature  was  kept  at  60cC  and 
the  anolyte  was  1  mol/l  methanol/1.5  mol/l  H2SO4. 
Fig.  16—41  shows  the  results  of  a  600-hour 

so  continuous  operation. 

Comparative  Example  4 
Fig.  16  —  42  shows  the  results  of  a  continuous 

operation  performed  in  the  same  way  as  in 
55  Voltage  measurement  Example  2  except  that  the 

units  cell  in  Comparative  Example  3  was  used. 
Fig.  16  shows  that  both  of  the  cells  were  stable 

at  a  point  where  their  voltages  were  decreased  by 
about  20  mV  from  their  initial  voltages  after  600 

60  hours,  and  the  cell  of  this  invention  had  a  voltage 
higher  by  about  30  mV  than  that  of  the  cell  in 
which  a  conventional  carbon  paper  plate  was 
used. 

According  to  the  process  of  this  invention,  the 
65  electrodes  can  be  imparted  sufficient  flexibility 

organic  compounds  of  high  electric  resistance  as 
impurities.  The  electric  resistance  of  flexible  plate 
B  was  smaller  than  that  of  the  carbon  paper 
because  the  carbon  fibers  constituting  flexible 
plate  B  were  cut  into  pieces  and  had  more 
connection  points.  The  measurement  was  made 
by  the  four-terminal  resistor  method  (1000  Hz). 

Catalyst  preparation  Example  1 
50  ml  of  a  37%  formaldehyde  solution  and  100 

ml  of  a  50%  potassium  hydroxide  solution  were 
added  to  20  g  of  carbon  powder  (furnace  black,  a 
product  of  Cabot  Corporation),  and  distilled  water 
was  added  to  the  mixture  to  form  500  ml  of  a 
solution.  This  solution  was  cooled  by  stirring  to 
0±2°C.  To  this  solution  a  solution  formed  by 
dissolving  28  g  of  chloroplatinic  acid  and  14  g  of 
ruthenium  chloride  in  distilled  water  in  an  amount 
to  form  500  ml  of  a  solution  was  added,  while  the 
temperature  of  the  solution  was  being  kept  at 
0±2°C.  After  completion  of  this  addition,  the 
mixture  was  allowed  to  stand  to  cool  to  room 
temperature  and  agitated  at  35  to  40°C  for  2  hours 
and  then  at  55  to  60°C  for  about  2  hours.  After 
completion  of  the  agitation,  the  solids  were 
washed  with  water  repeatedly  until  the  pH  of  the 
slurry  was  decreased  to  7  or  below.  After  the 
washing,  the  solids  were  fully  dried  in  a  dryer  at 
60°C  to  obtain  a  fuel  electrode  catalyst  A. 

Catalyst  preparation  Example  2 
1  I  of  a  (1:1)  methanol/water  mixture  was  added 

to  15  g  of  carbon  powder  (furnace  black,  a  product 
of  Cabot  Corporation),  and  31  g  of  chloroplatinic 
acid  was  dissolved  therein.  The  resulting  solution 
was  agitated  by  heating  at  70°C  for  about  5  hours. 
After  completion  of  the  agitation,  the  solids  were 
washed  repeatedly  until  the  pH  was  decreased  to 
7  or  below.  The  cake  after  washing  was  dried  at 
60°C  to  obtain  oxidizing  agent  electrode  catalyst 
B. 

Electrode  preparation  Example  1 
1.15  g  of  catalyst  powder  A  was  weighed  out 

and,  after  adding  thereto  2  ml  of  distilled  water, 
the  mixture  was  kneaded  thoroughly  and  mixed 
with  1  ml  of  a  PTFE  dispersion  (a  product  of  Daikin 
Co.,  Polyflon  dispersion  D-1,  diluted  to  a  1/2.5 
concentration)  as  used  in  Plate  preparation 
Example  1.  A  flexible  palte  (100x128  mm)  was 
uniformly  coated  with  the  resulting  paste  catalyst 
and,  after  drying  in  air,  it  was  baked  for  about  30 
minutes  in  a  nitrogen  atmosphere  at  300°C.  Fuel 
electrode  A  was  obtained  by  this  procedure. 

Electrode  preparation  Example  2 
An  electrode  was  prepared  in  the  same  way  as 

in  Electrode  preparation  Example  1  except  that  a 
conventional  carbon  paper  plate  was  impreg- 
nated  with  4  mg/cm2  of  the  PTFE  dispersion.  This 
electrode  is  referred  to  as  fuel  electrode  B. 

Electrode  preparation  Example  3 
0.77  g  of  catalyst  powder  B  was  weighed  out 

and,  after  adding  distilled  water,  the  mixture  was 
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which,  in  turn,  improves  adhesion  around  the 
electrodes  and  enhances  the  cell  performance. 

Claims 

1.  A  process  of  producing  a  flexible  fuel  cell 
electrode  from  a  carbon  paper  made  of  carbon 
fiber  and  a  carbonized  organic  binder;  charac- 
terized  by 

infiltrating  a  suspension  of  polytetrafluoro- 
ethylene  into  the  carbon  paper; 

producing  a  mixture  of  catalyst  powder  and  a 
polytetrafluoroethylene  dispersion  to  provide 
paste  catalyst; 

coating  the  paste  catalyst  on  the  carbon  paper; 
baking  the  coated  carbon  paper  impregnated 

with  the  polytetrafluoroethylene  at  a  temperature 
more  than  a  melting  point  temperature  of  the 
polytetrafluoroethylene  and  not  more  than  a 
decomposition  temperature  thereof;  and 

cutting  the  carbon  fiber  through  thickness 
reduction  of  the  coated  carbon  paper  by  rolling  or 
pressing  so  as  to  provide  a  number  of  cutting 
edges  thereof  and  causing  the  polytetrafluoro- 
ethylene  to  infiltrate  into  the  cutting  edges  to  bind 
the  carbon  fiber  having  the  cutting  edges,  thereby 
providing  a  flexible  fuel  cell  electrode  comprising 
a  baked  carbon  plate  (4,  9)  and  a  catalyst  layer  (5, 
10)  thereon. 

2.  A  process  of  producing  a  flexible  fuel  cell 
electrode  as  defined  in  claim  1,  wherein  said 
catalyst  layer  (5,  10)  comprises  carbon  particles 
carrying  a  noble  metal  selected  from  the  group 
consisting  of  the  elements  of  Group  VIII  of  the 
Periodic  Table  and  a  binder. 

3.  A  process  of  producing  a  fuel  cell  electrode, 
as  defined  in  claim  2,  wherein  said  coated  carbon 
plate  is  baked  at  a  temperature  of  330—  400°C. 

4.  A  process  of  producing  a  flexible  fuel  cell 
electrode,  as  defined  in  claim  1,  wherein  said 
baked  carbon  plate  (4,  9)  has  a  thickness  of  0.1  to 
1  mm. 

5.  A  process  of  producing  a  flexible  fuel  cell 
electrode,  as  defined  in  claim  1,  wherein  said 
thickness  reducing  is  carried  out  by  rolling  of  the 
carbon  paper. 

6.  A  process  of  producing  a  flexible  fuel  cell 
electrode,  as  defined  in  claim  1,  wherein  said 
catalyst  layer  (5,  10)  has  a  thickness  within  a 
range  of  0.05  —  0.5  mm. 

7.  A  process  of  producing  a  flexible  fuel  cell 
electrode  as  defined  in  claim  1,  wherein  cutting 
the  carbon  fiber  is  conducted  so  as  to  provide  20 
to  300  cutting  edges  per  square  millimeter. 

8.  A  process  of  producing  a  flexible  fuel  cell 
electrode  as  defined  in  claim  1,  wherein  the 
thickness  of  the  coated  carbon  paper  is  reduced  to 
60  to  80%  by  rolling  or  pressing. 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  einer  flexiblen 
Brennstoffzellenelektrode  aus  einem  Kohlepapier 
aus  Kohlefasem  und  einem  carbonisierten  orga- 
nischen  Bindemittel,  gekennzeichnet  durch 

—  Eindringenlassen  einer  Polytetrafluorethylen- 
.  Suspension  in  das  Kohlepapier, 

—  Herstellen  eines  Gemisches  eines  Katalysa- 
torpulvers  und  einer  Polytetrafluoroethylen- 

5  Dispersion  zu  einem  pastenartigen  Katalysator, 
—  Beschichten  des  Kohlepapiers  mit  dem 

pastenartigen  Katalysator, 
—  Harten  des  beschichteten,  mit  dem  Polytetra- 

fluorethylen  impragnierten  Kohlepapiers  bei 
w  einer  Temperatur  uber  dem  Schmelzpunkt  des 

Polytetrafluorethylens  aber  unter  seiner  Zerset- 
zungstemperatur  und 

—  Schneiden  der  Kohlefasem  durch  Dickerver- 
minderung  des  beschichteten  Kohlepapiers  durch 

15  Rollen  oder  Pressen,  so  dal3  Schnittkanten  entste- 
hen,  Eindringenlassen  des  Polytetrafluorethylens 
in  diese  Schnittkanten,  um  die  Kohlenstoffasern 
mit  den  Schnittkanten  zu  binden,  wobei  eine 
flexible  Brennstoffzellenelektrode  aus  einer 

20  geharteten  Kohlenstoffplatte  (4,  9)  und  darauf 
einer  Katalysatorschicht  (5,  10)  entsteht. 

2.  Verfahren  zur  Herstellung  einer  flexiblen 
Brennstoffzellenelektrode  nach  Anspruch  1, 
indem  die  Katalysatorschicht  (5,  10)  ein  Edelme- 

25  tall,  ausgewahlt  unter  den  Elementen  der  Gruppe 
VIII  des  Periodensystems,  tragende  Kohlenstoff- 
teilchen  und  ein  Bindemittel  enthalt. 

3.  Verfahren  zur  Herstellung  einer  Brennstoff- 
zellenelektrode  nach  Anspruch  1,  indem  die 

30  beschichtete  Kohlenstoffplatte  bei  einer  Tempera- 
tur  von  330  bis  400°C  gehartet  wird. 

4.  Verfahren  zur  Herstellung  einer  flexiblen 
Brennstoffzellenelektrode  nach  Anspruch  1, 
indem  die  gehartete  Kohlenstoffplatte  (4,  9)  eine 

35  Dicke  von  0,1  bis  1  mm  hat. 
5.  Verfahren  zur  Herstellung  einer  flexiblen 

Brennstoffzellenelektrode  nach  Anspruch  1, 
indem  die  Dickeverminderung  durch  Rollen  des 
Kohlepapiers  durchgefuhrt  wird. 

40  6.  Verfahren  zur  Herstellung  einer  flexiblen 
Brennstoffzellenelektrode  nach  Anspruch  1, 
indem  die  Katalysatorschicht  (5,  10)  einer  Dicke 
innerhalb  eines  Bereichs  von  0,05  bis  0,5  mm  hat. 

7.  Verfahren  zur  Herstellung  einer  flexiblen 
45  Brennstoffzellenelektrode  nach  Anspruch  1, 

indem  das  Schneiden  der  Kohlenstoffasern  so 
durchgefuhrt  wird,  dal5  20  bis  300  Schnittkanten 
je  mm2  entstehen. 

8.  Verfahren  zur  Herstellung  einer  flexiblen 
so  Brennstoffzellenelektrode  nach  Anspruch  1, 

indem  die  Dicke  des  beschichteten  Kohlenstoffpa- 
piers  auf  60  bis  80%  durch  Rollen  oder  Pressen 
vermindert  wird. 

55  Revendications 

1.  Procede  de  fabrication  d'une  electrode  flexi- 
ble  de  pile  a  combustible  a  partir  d'un  papier 
carbone  constitue  de  fibres  de  carbone  et  d'un 

60  liant  organique;  caracteree  par  les  etapes  consis- 
tant  a 

—  infiltrer  une  suspension  de  polytetrafluore- 
thylene  dans  le  papier  carbone; 

—  realiser  un  melange  de  poudre  catalytique  et 
65  d'une  dispersion  de  polytetrafluorethylene  pour 

10 



EP  0 1 8 4   638  B1 17 18 

realiser  un  catalyser  pateux; 
—  appliquer  le  catalyseur  pateux  sur  le  papier 
carbone; 

—  cuire  le  papier  carbone  revetu  impregne  du 
polytetrafluoroethylene  a  une  temperature  supe-  5 
rieure  a  la  temperature  du  point  de  fusion  du 
polytetrafluorethylene  et  non  superieure  a  une 
temperature  de  decomposition  de  celui-ci;  et 

—  coupler  les  fibres  de  carbone  par  une  reduc- 
tion  d'epaisseur  du  papier  carbone  revetu  par  10 
laminage  ou  pressage  de  maniere  a  constituer 
une  pluralite  de  bords  coupants  de  celles-ci  et 
provoquer  I'infiltration  du  polytetrafluorethylene 
dans  les  bords  coupants  pour  lier  les  fibres  de 
carbone  possedant  les  bords  coupants,  en  reali-  15 
sant  ainsi  une  electrode  flexible  de  pile  a  combus- 
tible  comprenant  une  plaque  de  carbone  cuite  (4, 
9)  et  une  couche  de  catalyseur  (5,  10)  sur  celle-ci. 

2.  Procede  de  fabrication  d'une  electrode  flexi- 
ble  de  pile  a  combustible  selon  la  revendication  1,  20 
dans  lequel  ladite  couche  de  catalyseur  (5,  10) 
comporte  des  particules  de  carbone  portant  un 
metal  noble  choisi  parmi  le  groupe  constitue  des 
elements  du  groupe  VIII  de  la  Table  Periodique  et 
d'un  liant.  25 

3.  Procede  de  fabrication  d'une  electrode  de 

pile  a  combustible,  selon  la  revendication  2,  dans 
lequel  ladite  plaque  de  carbone  revetu  est  cuite  a 
une  temperature  de  330  —  400°C. 

4.  Procede  de  fabrication  d'une  electrode  flexi- 
ble  de  pile  a  combustible  selon  la  revendication  1, 
dans  lequel  ladite  plaque  de  carbone  cuite  (4,  9) 
possede  une  epaisseur  de  0,1  a  1  mm. 

5.  Procede  de  fabrication  d'une  electrode  flexi- 
ble  de  pile  a  combustible,  selon  la  revendication 
1,  dans  lequel  ladite  reduction  d'epaisseur  est 
effectuee  par  laminage  du  papier  carbone. 

6.  Procede  de  fabrication  d'une  electrode  flexi- 
ble  de  pile  a  combustible,  selon  la  revendication 
1,  dans  lequel  ladite  couche  de  catalyseur  (5,  10) 
possede  une  epaisseur  comprise  entre  0,05  et  0,5 
mm. 

7.  Procede  de  fabrication  d'une  electrode  flexi- 
ble  de  pile  a  combustible  selon  la  revendication  1, 
dans  lequel  la  coupe  des  fibres  de  carbone  est 
effectuee  de  maniere  a  realiser  20  a  300  bords 
coupants  par  millimetre  carre. 

8.  Procede  de  fabrication  d'une  electrode  flexi- 
ble  de  pile  a  combustible  selon  la  revendication  1, 
dans  lequel  I'epaisseur  du  papier  carbone  revetu 
est  reduite  a  60  a  80%  par  laminage  ou  pressage. 
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