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Description 

This  invention  relates  to  an  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure 
having  open  pores  (continuous  pores  that  are  not  closed),  an  electrically  conductive  organic  polymeric 

5  material  obtained  by  doping  the  aforesaid  substrate  with  a  doping  agent,  and  to  an  organic  cell  comprising 
the  aforesaid  material  as  an  electrode  and  a  solution  in  an  aprotic  organic  solvent  of  a  compound  capable  of 
forming  dopable  ions  as  an  electrolytic  solution. 

Polymeric  materials  have  excellent  moldability,  light  weight  and  mass-producibility.  Hence,  organic 
polymeric  materials  having  electrical  semiconductivity  obtained  by  making  use  of  these  properties  of 

io  polymeric  materials  have  been  demanded  in  many  industrial  fields,  most  frequently  by  the  electronics 
industry.  Early  organic  semiconductors  were  difficult  to  mold  into  a  film  or  plate,  and  had  only  limited 
applications  because  they  did  not  have  the  properties  of  a  n-type  or  p-type  impurity  semiconductor. 

In  recent  years,  organic  semiconductors  having  relatively  superior  moldability  have  been  developed. 
These  semiconductors  can  be  converted  to  n-type  or  p-type  organic  semiconductors  by  doping  them  with 

75  electron  donating  or  accepting  dopants.  A  typical  example  of  such  an  organic  semiconductor  is 
polyacetylene.  This  organic  semiconductor  has  an  electrical  conductivity  of  about  10-5  (ohm-cm)-1,  but  its 
electrical  conductivity  can  be  greatly  increased  by  doping  it  with  an  electron  accepting  dopant  such  as  h  or 
AsF5,  or  an  electron  donating  dopant  such  as  Li  or  Na,  and  electrical  conductivities  of  102  to  103  (ohm-cm)- 
-1  have  been  obtained  with  polyacetylene.  Polyacetylene,  however,  lacks  practical  utility  as  an  industrial 

20  material  because  it  is  susceptible  to  oxidation  by  oxygen  and  is  difficult  to  handle  in  the  air. 
European  Patent  No.  0067444  (corresponding  to  USSN  386816  and  Japanese  Laid-Open  Patent 

Publication  No.  136,649/1983)  filed  by  the  same  applicants  as  the  present  ones  discloses  an  electrically 
conductive  organic  polymeric  material  comprising  (A)  an  insoluble  and  infusible  substrate  having  a 
polyacen-type  skeletal  structure  with  a  hydrogen/carbon  atomic  ratio  of  from  0.60  to  0.15  which  is  a  heat- 

25  treated  product  of  an  aromatic  condensation  polymer  composed  of  carbon,  hydrogen  and  oxygen  and  (B) 
an  electron  donating  doping  agent  or  an  electron  accepting  doping  agent,  said  material  having  a  higher 
electrical  conductivity  than  the  undoped  substrate.  This  insoluble  and  infusible  substrate  has  excellent  heat 
resistance  and  oxidation  resistance,  and  can  be  doped  with  the  electron  donating  or  accepting  doping  agent 
to  give  an  organic  semiconductor  showing  p-type  or  n-type  properties.  This  European  Patent,  however,  fails 

30  to  give  any  description  of  a  porous  substrate  or  a  porous  organic  semiconductor  material. 
European  Laid-Open  Patent  Application  No.  0149497  (corresponding  to  USSN  690799)  filed  by  the 

same  applicants  as  the  present  ones  discloses  an  electrically  conductive  organic  polymeric  material 
comprising  (A)  an  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure  having  a 
hydrogen/carbon  atomic  ratio  of  from  0.60  to  0.15  and  a  specific  surface  area,  measured  by  the  BET 

35  method,  of  at  least  600  m2/g,  (B)  an  electron  donating  or  accepting  doping  agent,  said  material  having  a 
higher  electrical  conductivity  than  the  substrate.  Since  the  specific  surface  area  of  this  organic  polymeric 
material  is  at  least  600  m2/g,  it  can  be  doped  smoothly  even  with  a  dopant  having  a  relatively  large  ion 
radius,  such  as  CIO4-  or  BF^-.  The  specification  of  this  prior  application  fails  to  describe  anything  on  a 
porous  substrate  or  a  porous  organic  semiconductor. 

40  EP-A-0  175  373  discloses  an  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure 
having  a  hydrogen/carbon  atomic  ratio  of  from  0.05  to  0.6  and  a  specific  surface  area,  measured  by  the 
BET  method,  of  at  least  600  m2/g.  This  substrate  is  a  heat-treated  product  of  a  mixture  comprising  an 
aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and  oxygen  as  a  matrix  and  a  fiber  member. 
This  fiber  member  is  selected  from  the  group  consisting  of  phenol  resin  fibers,  heat-treated  phenol  resin 

45  fibers  and  carbon  fibers.  This  document  does  not  disclose  a  porous  substrate. 
EP-A-147  494  (this  document  was  published  after  the  priority  dates  of  the  present  application)  and  US- 

A-4  464  485  disclose  a  method  for  producing  a  porous  material  having  open  pores  in  the  range  of  0.5  to  10 
linn.  A  slurry  is  prepared  from  a  mixture  comprising  a  bisphenol-type  epoxy  resin,  a  specific  mixture  amide 
compound  as  a  hardener,  a  filler  and  water.  The  slurry  is  cast  in  a  water-impermeable  mold  and  hardened 

50  while  it  contains  the  water.  The  hardened  body  is  then  dehydrated.  A  large  amount  of  the  filler  is  used 
which  is  bound  by  the  bisphenol-type  epoxy  resin.  This  document  does  not  disclose  to  prepare  a  substrate 
having  a  polyacen-type  skeleton  structure. 

In  recent  years,  there  has  been  an  increased  tendency  toward  the  reduction  of  the  size,  thickness  and 
weight  of  electronic  devices,  and  this  has  led  to  the  need  to  reduce  the  size,  thickness  and  weight  of  a  cell 

55  constituting  a  power  supply  for  the  electronic  devices.  Nowadays,  silver  oxide  cells  find  extensive  use  as  a 
small-sized  electric  cell  having  high  performance,  and  furthermore,  lithium  cells  have  been  developed  and 
come  into  commercial  acceptance  as  a  dry  cell  of  a  small  thickness  or  a  small-sized  light-weight  high- 
performance  cell.  Since,  however,  these  cells  are  primary  cells,  they  cannot  be  used  for  long  periods  of 
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time  by  repeating  charging  and  discharging.  On  the  other  hand,  nickel  and  cadmium  cells  have  been 
commercially  used  as  a  secondary  cell  of  high  performance,  but  have  been  found  to  be  unsatisfactory  in 
regard  to  the  reduction  of  size,  thickness  and  weight. 

Lead  batteries  have  long  been  used  in  various  industrial  fields  as  secondary  cells  of  a  large  capacity, 
5  but  suffer  from  the  defect  of  having  large  weight.  This  cannot  be  avoided  since  they  use  lead  peroxide  and 

lead  as  electrodes.  Attempts  have  recently  been  made  to  reduce  the  size  of  these  batteries  and  improve 
their  performance  in  order  to  use  them  as  cells  for  electric  automobiles,  but  have  not  proved  to  be 
commercially  successful.  There  is  still  a  strong  demand  for  secondary  cells  having  a  large  capacity  and 
light  weight. 

io  As  stated  above,  the  cells  now  in  commercial  use  have  their  own  advantages  and  disadvantages,  and 
are  used  selectively  according  to  the  intended  uses.  There  has,  however,  been  a  strong  need  for  the 
reduction  of  the  size,  thickness  or  weight  of  the  cells.  As  a  cell  meeting  such  a  need,  a  cell  has  recently 
been  studied  and  proposed  in  which  a  thin  film-like  polyacetylene,  i.e.  an  organic  semiconductor,  doped 
with  an  electron  donating  or  accepting  substance  is  used  as  an  electrode  active  substance.  This  cell  is  a 

is  secondary  cell  having  high  performance  and  has  a  possibility  of  being  reduced  in  thickness  and  weight.  But 
it  has  the  serious  dedfect  that  polyacetylene  is  a  very  unstable  substance  which  is  easily  oxidized  by 
oxygen  in  air  or  thermally  degenerated.  Accordingly,  an  electric  cell  from  this  material  must  be  produced  in 
an  inert  gaseous  atmosphere.  In  addition,  there  is  a  restriction  on  the  production  of  polyacetylene  in  a  form 
suitable  as  electrodes. 

20  Japanese  Laid-Open  Patent  Publication  No.  35881/1983  proposes  an  electrochemical  cell  comprising 
carbon  fibers  having  a  specific  area  of  1,000  to  10,000  m2/g  as  at  least  one  of  its  electrodes.  The 
specification  of  this  Publication  shows  that  the  carbon  fibers  have  a  diameter  of  10  to  20  micrometers,  and 
are  formed  into  a  sheet  or  the  like  for  use  as  an  electrode. 

It  is  an  object  of  this  invention  to  provide  a  porous  organic  semiconductor. 
25  Another  object  of  this  invention  is  to  provide  a  porous  organic  semiconductor  having  excellent  heat 

resistance  and  oxidation  resistance. 
Still  another  object  of  this  invention  is  to  provide  an  organic  semiconductor  containing  many  open 

pores,  which  can  be  rapidly  and  uniformly  doped  with  an  electron  accepting  dopant  and/or  an  electron 
donating  dopant. 

30  Yet  another  object  of  this  invention  is  to  provide  an  organic  semiconductor  containing  many  open  pores, 
which  can  be  rapidly  and  uniformly  doped  with  an  electron  accepting  dopant  and/or  an  electron  donating 
dopant  having  a  relatively  large  ion  radius. 

European  Laid-Open  Patent  Application  No.  0149497  proposes  an  organic  electrolytic  cell  comprising 
an  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure  which  is  a  heat-treated  product 

35  of  an  aromatic  condensation  polymer  composed  of  carbon,  hydrogen  and  oxygen  and  has  a 
hydrogen/carbon  atomic  ratio  of  0.05  to  0.5  and  a  specific  surface  area,  measured  by  the  BET  method,  of  at 
least  600  m2/g  as  a  positive  electrode  and/or  a  negative  electrode,  and  a  solution  in  an  aprotic  organic 
solvent  of  a  compound  capable  of  forming  dopable  ions  in  the  electrode  by  electrolysis  as  an  electrolyte 
solution.  This  cell  is  a  secondary  cell  having  a  possibility  of  extensive  application  because  it  has  high 

40  performance,  can  be  reduced  in  thickness  and  weight  and  is  easy  to  mold  and  the  electrode  active 
substance  has  high  oxidation  stability.  Some  problems,  however,  are  still  left  in  making  this  cell  commer- 
cially  acceptable.  The  most  important  problem  is  to  increase  the  capacity  of  the  cell,  or  in  other  words,  to 
increase  the  amount  of  doping  and  increase  the  energy  density  that  can  be  taken  out. 

A  further  object  of  this  invention  is  to  provide  an  organic  semiconductor  doped  with  an  electron 
45  donating  dopant  and/or  an  electron  accepting  dopant. 

A  further  objct  of  this  invention  is  to  provide  a  porous  organic  semiconductor  in  the  form  of  a  film,  a 
plate,  etc. 

A  further  object  of  this  invention  is  to  provide  an  organic  semiconductor  having  fine  open  cells  which 
easily  permits  various  chemical  reactions  or  physical  adsorption. 

50  A  further  object  of  this  invention  is  to  provide  an  organic  electrolytic  cell. 
A  further  object  of  this  invention  is  to  provide  an  organic  electrolytic  cell  having  a  large  capacity  per  unit 

weight  and  a  high  energy  density. 
A  further  object  of  this  invention  is  to  provide  an  organic  electrolytic  cell  comprising  as  an  electrode 

active  substance  an  organic  semiconductor  composed  of  an  insoluble  and  infusible  substrate  with  a 
55  polyacen-type  skeletal  structure. 

A  further  object  of  this  invention  is  to  provide  an  economical  organic  electrolytic  secondary  cell  which 
can  be  reduced  in  size,  thickness  and  weight  and  is  easy  to  produce. 

4 
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A  further  object  of  this  invention  is  to  provide  a  secondary  cell  which  has  a  high  electromotive  force  and 
a  low  internal  resistance  and  can  be  charged  and  discharged  over  a  long  period  of  time. 

Additional  objects  of  this  invention  along  with  its  advantages  will  become  apparent  from  the  following 
description. 

5  According  to  the  present  invention,  these  objects  and  advantages  are  achieved  firstly  by  an  insoluble 
and  infusible  substrate  with  a  polyacen-type  skeletal  structure  having  a  hydrogen/carbon  atomic  ratio  of 
from  0.05  to  0.60  and  open  pores  having  an  average  diameter  of  0.03  to  10  micrometers,  said  substrate 
being  a  heat-treated  product  of  an  aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and 
oxygen,  said  aromatic  condensation  polymer  being  selected  from  the  group  consisting  of  (1)  a  condensation 

io  product  of  an  aromatic  hydrocarbon  compounds  having  a  phenolic  hydroxyl  group  with  an  aldehyde,  and  (2) 
a  condensation  product  of  a  mixture  of  an  aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl 
group  and  an  aromatic  hydrocarbon  compound  free  of  phenolic  hydroxyl  group  with  an  aldehydes,  wherein 
said  heat-treated  product  shows  a  three-dimensional  network  structure  of  open  pores. 

According  to  the  present  invention,  the  above  objects  and  advantages  are  achieved  secondly  by  an 
is  electrically  conductive  organic  polymeric  material  comprising  (a)  an  insoluble  and  infusible  substrate  with  a 

polyacen-type  skeletal  structure  as  mentioned  above,  and  (b)  an  electron  donating  doping  agent,  or  an 
electron  accepting  doping  agent,  or  both;  said  material  having  a  higher  electrical  conductivity  than  the  non- 
doped  substrate  (a). 

According  to  the  present  invention,  the  above  objects  and  advantages  are  achieved  thirdly  by  an 
20  organic  cell  comprising  a  positive  electrode,  a  negative  electrode  and  an  electrolytic  solution,  one  or  both  of 

said  positive  and  negative  electrodes  being  composed  of  an  insoluble  and  infusible  substrate  with  a 
polyacen-type  skeletal  structure  having  a  hydrogen/carbon  atomic  ratio  of  from  0.05  to  0.50,  a  specific 
surface  area,  measured  by  the  BET  method,  of  at  least  600  m2/g  and  containing  open  pores  having  an 
average  diameter  of  0.03  to  10  micrometers,  said  substrate  being  a  heat-treated  product  as  stated  above, 

25  and  said  electrolytic  solution  being  a  solution  in  an  aprotic  organic  solvent  of  a  compound  capable  of 
forming  ions  which  can  dope  said  electrode  by  electrolysis. 

An  organic  semi-conductor,  which  is  a  heated  material  of  a  phenolic  resin  or  a  furan  resin,  is  disclosed 
in  JP-A-58-69  234.  It  is  mentioned  that  the  presence  of  open  pores  having  a  diameter  of  more  than  0.012 
micrometers  in  the  organic  semi-conductor  is  undesirable.  Open  pores  forming  a  three-dimensional  network 

30  structure  are  not  disclosed. 
JP-A-58-209  864  discloses  to  use  an  organic  semi-conductor,  which  is  a  heated  material  of  an  aromatic 

condensation  polymer  comprising  carbon,  hydrogen  and  oxygen,  as  a  positive  electrode  and/or  a  negative 
electrode.  Nothing  is  disclosed  as  to  the  effect  that  an  organic  semi-conductor  has  open  pores  which  form  a 
three-dimensional  network  structure. 

35  In  the  accompanying  drawings:- 
Figures  1  and  2  are  electron  micrographs  of  the  sections  of  porous  organic  semiconductor  film  in 
accordance  with  this  invention; 
Figure  3  is  a  rough  sectional  view  showing  the  basic  structure  of  a  cell  in  accordance  with  this  invention; 
Figure  4  is  one  example  of  the  charging-discharging  curve  of  an  organic  electrolytic  cell  in  accordance 

40  with  this  invention; 
Figure  5  is  an  electron  micrograph  of  the  section  of  a  porous  cured  phenolic  resin  film  in  accordance 
with  this  invention. 

In  each  of  these  micrographs,  the  thick  line  shown  at  right  bottom  measures  5  micrometers. 
The  aromatic  condensation  polymer  used  in  this  invention  is  a  condensation  product  between  an 

45  aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group  and  an  aldehyde.  Examples  of  suitable 
aromatic  hydrocarbon  compounds  are  phenols  such  as  phenol,  cresol  and  xylenol,  but  are  not  limited  to 
these.  For  example,  they  may  be  methylene-bis-phenols  represented  by  the  following  formula 

50 

wherein  x  and  y,  independently  from  each  other,  represent  0,  1  or  2, 
or  hydroxy-biphenyls  and  hydroxynaphthalenes.  For  practical  purposes,  phenols,  particularly  phenol,  are 

5 
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preferred. 
The  aromatic  condensation  polymer  used  in  this  invention  may  also  be  a  modified  aromatic  polymer 

from  a  aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group  partly  replaced  by  an  aromatic 
hydrocarbon  compound  having  no  phenolic  hydroxyl  group  such  as  xylene  and  toluene,  and  an  aldehyde, 

5  such  as  a  condensation  product  of  phenol,  xylene  and  formaldehyde. 
Examples  of  the  aldehyde  are  formaldehyde,  acetaldehyde  and  furfural.  Formaldehyde  is  preferred.  The 

phenol/formaldehyde  condensate  may  be  a  novolak,  or  a  resol,  or  a  composition  of  both. 
The  insoluble  and  infusible  substrate  of  this  invention  is  a  heat-treated  product  of  the  aromatic 

condensation  polymer  described  above,  and  can  be  produced,  for  example,  in  the  following  manner. 
io  A  precondensate  between  an  aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group  with 

or  without  an  aromatic  hydrocarbon  compound  having  no  phenolic  hydroxyl  group  and  an  aldehyde  is 
prepared,  and  an  aqueous  solution  of  the  precondensate  and  an  inorganic  salt  is  formed.  The  aqueous 
solution  is  poured  into  a  suitable  mold,  and  heated  while  inhibiting  evaporation  of  water,  whereby  it  is  cured 
and  converted  into  such  a  form  as  a  film  or  a  cylindrical  article.  The  cured  article  is  then  washed  to  remove 

is  the  inorganic  salt  contained  in  it.  The  resultant  porous  cured  condensate  is  heated  to  400  to  800  °C  in  a 
non-oxidizing  atmosphere. 

The  inorgnaic  salt  used  together  with  the  precondensate  is  a  pore  forming  agent  to  form  open  pores  in 
the  cured  article  and  is  removed  in  a  later  step.  Examples  of  the  inorganic  salt  are  zinc  chloride,  sodium 
phosphate,  potassium  hydroxide  and  potassium  sulfide.  Of  these,  zinc  chloride  is  especially  preferred.  The 

20  inorganic  salt  is  used  in  an  amount  2.5  to  10  times  the  weight  of  the  precondensate.  If  its  amount  is  less 
than  the  lower  limit,  it  is  difficult  to  obtain  a  porous  cured  article  having  open  pores.  If,  on  the  other  hand,  it 
is  larger  than  the  upper  limit,  the  heat-treated  product  finally  obtained  undesirably  tends  to  have  a  reduced 
mechanical  strength.  The  aqueous  solution  of  the  precondensate  and  the  inorganic  salt  can  be  prepared  by 
using  water  in  an  amount  0.1  to  1  times  the  weight  of  the  inorganic  salt. 

25  The  aqueous  solution  having  a  viscosity  of  100,000  to  100  poises  is  poured  into  a  suitable  mold,  and 
heated  to  a  temperature  of,  for  example  50  to  200  °C.  It  is  important  that  during  the  heat-treatment, 
evaporation  of  water  in  the  aqueous  solution  should  be  inhibited.  It  is  thought  that  the  precondensate 
undergoes  heating  in  the  aqueous  solution  and  gradually  cures  and  grows  to  a  three-dimensional  network 
structure  while  separating  from  the  inorganic  salt  and  water. 

30  The  inorganic  salt  can  be  removed  from  the  cured  product  by  washing  it  fully  with  water,  dilute 
hydrochloric  acid,  etc.  After  the  removal  of  the  inorganic  salt,  the  cured  product  is  dried  to  give  a  porous 
cured  condensate  in  which  open  pores  are  developed. 

Since  the  porous  cured  condensate  is  of  the  three-dimensional  network  structure  in  the  resin  portion  or 
open  cells  therein,  it  contains  open  pores  into  and  out  of  which  a  fluid  is  permitted  to  flow  easily.  The  pores 

35  have  an  average  pore  diameter  of  as  small  as  0.03  to  10  micrometers.  The  porous  condensate  has  a 
uniform  diameter  and  a  sharp  pore  diameter  distribution.  By  properly  selecting  the  composition  of  an 
aqueous  solution  of  an  uncured  phenolic  resin  containing  an  inorganic  salt  and  the  heat-curing  conditions,  it 
is  possible  to  obtain  porous  articles  of  varying  pore  diameters  ranging  from  a  very  fine  porous  article  having 
an  average  pore  diameter  of  from  0.03  to  0.1  micrometer  to  a  porous  article  having  an  average  pore 

40  diameter  of  about  10  micrometers.  Such  articles,  therefore,  can  be  used  in  various  fields,  for  example,  as 
filters  for  separating  relatively  large  particles,  separators  for  electric  cells,  and  separation  of  bacteria  or 
colloidal  particles.  The  porous  cured  condensate  obtained  has  an  apparent  density  of  0.3  to  0.7  g/cm3. 

The  resulting  porous  cured  condensate  is  then  heated  in  a  non-oxidizing  atmosphere  (including  a 
vacuum)  to  a  temperature  of  400  to  800  °  C,  preferably  450  to  750  °  C,  especially  preferably  500  to  700  °  C. 

45  The  preferred  rate  of  temperature  elevation  during  the  heat-treatment  slightly  differs  depending  upon 
the  type  of  the  aromatic  condensation  polymer,  its  shape,  the  degree  of  the  curing  treatment,  etc. 
Generally,  the  temperature  can  be  elevated  from  room  temperature  to  about  300  °C  at  a  relatively  large 
rate,  for  example  100°C/hour.  At  temperatures  above  300  °C,  the  thermal  decomposition  of  the  aromatic 
condensation  polymer  begins  to  evolve  gases  such  as  steam  (H20),  hydrogen,  methane  and  carbon 

50  monoxide,  and  therefore,  the  temperature  is  advantageously  elevated  at  a  sufficiently  slow  rate. 
The  heat-treatment  of  the  aromatic  condensation  polymer  is  carried  out  in  a  non-oxidizing  atmosphere. 

The  non-oxidizing  atmosphere  is,  for  example,  nitrogen,  argon,  helium,  neon  or  carbon  dioxide.  Nitrogen  is 
preferably  used.  Such  a  non-oxidising  atmosphere  may  be  stationary  or  fluidized. 

The  above  heat-treatment  consequently  gives  an  insoluble  and  infusible  substrate  with  a  polyacen-type 
55  skeletal  structure  having  a  hydrogen/carbon  atomic  ratio  (to  be  referred  to  as  H/C  ratio)  of  from  0.6  to  0.05 

and  containing  open  pores  having  an  average  pore  diameter  of  0.03  to  10  micrometers. 
The  porous  cured  condensate  and  the  insoluble  and  infusible  substrate  can  be  used,  for  example,  as  a 

separating  material  or  an  adsorbent  material  because  they  are  porous  and  have  heat  resistance,  chemical 
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resistance  and  corrosion  resistance. 
Alternatively,  a  porous  heat-treated  product  having  developed  open  pores  and  a  high  specific  surface 

area  can  be  obtained  by  preparing  a  porous  cured  condensate  by  the  aforesaid  method,  heating  the  cured 
product  in  a  non-oxidizing  atmosphere  (including  a  vacuum)  to  a  temperature  of  350  to  800  °  C,  preferably 

5  350  to  700  °C,  especially  preferably  400  to  600  °C,  thereafter  washing  the  heat-treated  product  fully  with 
water,  dilute  hydrochloric  acid,  etc.  to  remove  the  inorganic  salt  in  it,  and  then  drying  the  product.  This 
product  is  an  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure  having  a 
hydrogen/carbon  atomic  ratio  of  from  0.6  to  0.05  and  a  specific  surface  area  of  at  least  600  m2/g  and 
containing  open  pores  having  an  average  pore  diameter  of  0.03  to  10  micrometers. 

io  The  insoluble  and  infusible  substrate  of  this  invention  has  an  H/C  ratio  of  preferably  from  0.5  to  0.05, 
more  preferably  from  0.6  to  0.15  and  contains  open  pores  with  an  average  pore  diameter  of  0.03  to  10 
micrometers. 

The  insoluble  and  infusible  substrate  of  this  invention  usually  has  an  oxygen/carbon  atomic  ratio  (O/C 
ratio)  of  not  more  than  0.06,  preferably  not  more  than  0.03.  X-ray  diffraction  (CuKJ  shows  that  the  main 

is  peak  exists  between  20  =  20.5  and  20  =  23.5  °  ,  and  another  broad  peak  exists  between  20  =  41  and  20  =  46  °  . 
Its  infrared  absorption  spectrum  shows  an  absorbance  ratio,  D(  =  D2900-29+0/D15G0-1G+0),  of  usually  not 
more  than  0.5,  preferably  not  more  than  0.3. 

It  is  seen  therefore  that  in  the  above  insoluble  and  infusible  substrate,  the  polynuclear  structure  of  the 
polyacen-type  benzene  is  uniformly  and  moderately  developed  between  polyacen-type  molecules. 

20  According  to  this  invention,  there  is  also  provided  as  porous  organic  semiconductor  by  doping  the 
above  insoluble  and  infusible  substrate  with  an  electron  donating  dopant,  or  an  electron  accepting  dopant, 
or  both. 

Specifically,  according  to  this  invention,  there  is  provided  a  porous  organic  semiconductor  comprising 
(A)  a  porous  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure  having  a 

25  hydrogen/carbon  atomic  ratio  of  from  0.6  to  0.05  and  open  pores  having  an  average  pore  diameter  of 
0.03  to  10  micrometers,  said  substrate  being  a  heat-treated  product  of  an  aromatic  condensation  polymer 
between  an  aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group  and  an  aldehyde,  and 
(B)  an  electron  donating  dopant,  an  electron  accepting  dopant,  or  both. 
A  substance  which  easily  liberates  an  electron  is  used  as  the  electron  donating  dopant.  Examples  of 

30  preferred  electron  donating  dopants  are  metals  of  Group  IA  of  the  periodic  table  such  as  sodium, 
potassium,  rubidium  and  cesium. 

Tetra  (C1-C4  alkyl)ammonium  cations  such  as  (CH3)+N+  or  (C+Hĝ N"1"  may  also  be  used  as  the  electron 
donating  dopant. 

On  the  other  hand,  a  substance  which  easily  accepts  an  electron  is  used  as  the  electron  accepting 
35  dopant.  Examples  of  preferred  electron  accepting  dopants  include  halogens  such  as  fluorine,  chlorine, 

bromine  and  iodine;  halogen  compounds  such  as  AsF5,  PF5,  BF3,  BCb,  BBr3  and  FeCI3;  oxides  of  non- 
metallic  elements  such  as  SO3  and  N2O5;  and  anions  derived  from  inorganic  acids  such  as  H2SO4,  HNO3 
and  HCIO+. 

Doping  with  the  dopants  may  be  carried  out  by  substantially  the  same  method  as  the  doping  methods 
40  previously  used  for  polyacetylene  and  polyphenylene. 

For  example,  when  the  dopant  is  an  alkali  metal,  the  substrate  may  be  doped  by  bringing  it  into  contact 
with  a  molten  mass  or  a  vapor  of  the  alkali  metal.  Alternatively,  the  doping  may  be  carried  out  by  contacting 
the  insoluble  and  infusible  substrate  with  an  alkali  metal/naphthalene  complex  formed  in  tetrahydrofuran. 

When  the  dopant  is  a  halogen,  a  halogen  compound  or  a  non-metallic  element  oxide,  the  insoluble  and 
45  infusible  substrate  may  be  easily  doped  by  contacting  it  with  a  gas  of  such  a  dopant. 

When  the  dopant  is  an  anion  derived  from  an  inorganic  acid,  the  doping  may  be  carried  out  by  directly 
coating  or  impregnating  the  inorganic  acid  on  or  in  the  insoluble  and  infusible  substrate. 

Alternatively,  it  is  possible  to  install  the  insoluble  and  infusible  substrate  as  an  electrode,  and 
electrochemically  dope  it  with  an  electron  donating  dopant  such  as  lithium  or  sodium  or  an  electron 

50  accepting  dopant  such  as  CIO4-  or  BF+-. 
Since  the  insoluble  and  infusible  substrate  is  a  porous  material  having  open  pores,  it  has  the  excellent 

advantage  that  it  permits  easy  diffusion  of  such  a  gaseous  dopant  or  a  dopant  in  solution  therethrough,  and 
can  be  doped  rapidly  and  uniformly. 

The  organic  semiconductor  of  the  invention  so  obtained  has  a  higher  electrical  conductivity  than  that 
55  (for  example,  10-12  to  102  ohm-1.  cm-1)  of  the  undoped  insoluble  and  infusible  substrate.  For  example,  it  is 

several  times  to  1010  times  higher.  Upon  doping,  the  electron  donating  dopant  gives  an  n-type  semiconduc- 
tor,  and  the  electron  accepting  dopant,  a  p-type  semiconductor.  According  to  this  invention,  it  is  also 
possible  to  use  the  electron  donating  dopant  and  the  electron  accepting  dopant  together.  When  these 
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dopants  are  present  mixed  nearly  uniformly  in  the  porous  organic  semiconductor  of  this  invention,  the 
semiconductor  is  either  of  a  p-type  or  an  n-type  by  dint  of  either  of  these  dopants  which  is  present  in  a 
larger  amount.  For  example,  when  the  electron  donating  dopant  is  present  in  a  larger  amount,  the 
semiconductor  is  of  the  n-type,  and  when  the  electron  accepting  dopant  is  present  in  a  larger  amount,  the 

5  semiconductor  is  of  the  p-type. 
The  organic  cell  provided  by  this  invention  uses  the  resulting  insoluble  and  infusible  substrate  with  a 

polyacen-type  skeletal  structure  having  a  hydrogen/carbon  atomic  ratio  of  from  0.05  to  0.50  and  a  specific 
surface  area,  measured  by  the  BET  method,  of  at  least  600  m2/g  and  containing  open  pores  with  an 
average  pore  diameter  of  0.03  to  10u.m  as  at  least  one  of  the  electrodes. 

io  The  organic  electrolytic  cell  of  this  invention  is  an  organic  secondary  cell  comprising  the  aforesaid 
porous  insoluble  and  infusible  substrate  as  a  positive  electrode  and/or  a  negative  electrode  and  a  solution  in 
an  aprotic  organic  solvent  of  a  compound  which  upon  electrolysis  can  form  ions  capable  of  being  doped  in 
the  electrode  as  an  electrolytic  solution. 

The  compound  which  can  form  ions  dopable  in  the  electrode  may,  for  example,  be  a  halide,  a 
is  perchlorate,  a  hexafluorophosphate,  a  hexafluoroarsenate  or  a  tetrafluoroborate  of  an  alkali  metal  or 

tetraalkylammonium.  Specific  examples  include  Lil,  Nal,  NhU,  LiCICU,  LiAsFG,  LiBF̂ ,  KPFG,  NaPFG,  (n- 
C+H9)+NCIO+,  (C2H5)+NCIO+,  (C2H5)+NBF+,  (n-C+H9)+NBF+,  (n-C+H9)+NAsFG,  (n-C+H9)+NPFG  and  LiHF2. 

To  dissolve  the  above  compounds,  aprotic  organic  solvents  are  used.  Examples  of  the  solvents  include 
ethylene  carbonate,  propylene  carbonate,  gamma-butyrolactone,  dimethylformamide,  dimethylacetamide, 

20  dimethyl  sulfoxide,  acetonitrile,  dimethoxyethane,  tetrahydrofuran.  methylene  chloride,  sulfolane  and  mix- 
tures  of  these.  A  solvent  for  a  given  compound  used  as  the  electrolyte  is  selected  by  considering  the 
solubility  of  the  electrolytic  compound,  the  performance  of  the  resulting  cell,  etc. 

In  order  to  minimize  the  internal  resistance  of  the  cell  by  the  electrolytic  solution,  the  concentration  of 
the  above  compound  in  the  electrolytic  solution  is  desirably  at  least  0.1  mole/liter,  and  preferably  0.2  to  1.5 

25  moles/liter  in  usual  cases. 
The  cell  action  of  the  cell  of  this  invention  makes  use  of  the  electrochemical  doping  of  the  dopant  into 

the  insoluble  and  infusible  substrate  used  as  the  electrode  and  its  electrochemical  undoping.  In  other  words, 
energy  is  stored  by  the  electrochemical  doping  of  the  dopant  in  the  insoluble  and  infusible  substrate,  or  is 
released  outside  by  electrochemical  undoping.  Thus,  the  energy  is  taken  outside  or  stored  inside  as  an 

30  electrical  energy. 
The  cell  of  this  invention  is  of  two  types.  A  first  type  is  a  cell  in  which  both  the  positive  and  negative 

electrodes  are  composed  of  the  porous  insoluble  and  infusible  substrate.  A  second  type  is  a  cell  in  which 
the  positive  electrode  is  composed  of  the  porous  insoluble  and  infusible  substrate  and  the  negative 
electrode  is  composed  of  an  alkali  metal  or  an  alkaline  earth  metal.  Examples  of  the  alkali  and  alkaline  earth 

35  metals  are  cesium,  rubidium,  potassium,  sodium,  lithium,  barium,  strontium,  and  calcium.  Of  these,  lithium 
is  most  preferred.  These  metals  may  be  used  singly  or  as  an  alloy. 

The  shape  and  size  of  the  electrode  composed  of  the  insoluble  and  infusible  substrate  to  be  arranged 
within  the  cell  can  be  selected  depending  upon  the  type  of  the  desired  cell.  Since  the  cell  reaction  is  an 
electrochemical  reaction  on  the  surface  of  the  electrode,  it  is  advantageous  to  maximize  the  surface  area  of 

40  the  electrode.  The  insoluble  and  infusible  substrate  or  the  insoluble  and  infusible  substrate  doped  with  a 
dopant  may  be  used  as  a  current  collector  for  taking  out  an  electric  current  out  of  the  cell  from  the 
substrate,  but  other  electrically  conductive  substances  having  resistance  to  corrosion  by  the  doping  agent 
and  the  electrolyte  solution,  such  as  carbon,  platinum,  nickel  and  stainless  steel,  may  also  be  used. 

Now,  some  embodiments  of  the  cell  of  this  invention  will  be  described  below  with  reference  to  Figure  3 
45  showing  the  basic  structure  of  the  cell  of  this  invention. 

The  first-type  cell  of  this  invention  comprising  the  insoluble  and  infusible  substrates  as  both  the  positive 
and  negative  electrodes  will  first  be  described.  In  Figure  3,  a  positive  electrode  1  is  made  of  the  insoluble 
and  infusible  substrate  in  a  film  or  plate  form,  and  a  negative  electrode  2  is  likewise  made  of  the  insoluble 
and  infusible  substrate  in  a  film  or  plate  form.  These  electrodes  may,  or  may  not,  be  doped  with  dopants. 

50  After  building  the  cell,  an  electric  voltage  is  applied  from  an  exterior  power  supply  to  dope  the  electrodes 
with  the  dopant.  For  example,  when  both  of  the  electrodes  are  made  of  the  undoped  insoluble  and  infusible 
substrate,  the  voltage  of  the  cell  after  building  is  0  V.  By  applying  voltage  from  an  external  power  supply 
and  thereby  doping  both  electrodes  with  the  dopant,  the  cell  attains  an  electromotive  force.  The  cell  has 
current  collectors  3,3'  for  taking  out  current  outside  from  the  electrodes  or  supplying  current  for  elec- 

55  trochemical  doping,  i.e.  charging.  The  current  collectors  3,3'  are  connected  to  the  electrodes  and  esternal 
terminals  7,7'  in  a  manner  not  to  cause  a  drop  in  voltage.  The  cell  further  includes  an  electrolytic  solution  4 
composed  of  a  solution  in  an  aprotic  organic  solvent  of  the  aforesaid  compound  capable  of  forming  ions 
dopable  into  the  positive  and  negative  electrodes.  Usualy,  the  electrolytic  solution  is  liquid,  but  to  prevent 
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leakage,  it  may  be  used  as  a  gel  or  solid.  The  cell  further  comprises  a  separator  5  for  preventing  contact 
between  the  positive  and  negative  electrodes  and  holding  the  elecrolytic  solution.  The  separator  5  is  made 
of  a  porous  material  which  has  durability  against  the  electrolytic  solution,  the  doping  agent,  or  an  electrode 
active  substance  such  as  an  alkali  metal,  contains  open  pores,  and  is  free  from  electron  conductivity. 

5  Usually,  it  is  made  of  a  fabric,  a  non-woven  fabric  or  a  porous  article  composed  of  glass  fibers, 
polyethylene,  polypropylene,  etc.  Desirably,  the  separator  has  a  small  thickness  to  reduce  the  internal 
resistance  of  the  cell,  but  its  thickness  is  determined  by  considering  the  amount  of  the  electrolytic  solution  it 
holds,  the  flowabilty  of  the  electrolytic  solution  through  the  separator,  the  strength  of  the  separator,  etc.  The 
positive  and  negative  electrodes  and  the  separator  are  fixed  within  a  cell  casing  6  so  as  not  to  give  rise  to 

io  problems  in  use.  The  shape  and  size  of  the  electrode  are  properly  determined  depending  upon  the  shape 
and  performance  of  the  desired  cell.  For  example,  to  produce  a  thin  cell,  the  electrodes  are  suitably  in  the 
form  of  a  film.  To  build  a  large  capacity  cell,  a  number  of  positive  and  negative  electrodes  in  a  film  or  plate 
form  are  alternately  stacked. 

The  second-type  cell  of  this  invention  comprising  a  positive  electrode  of  the  insoluble  and  infusible 
is  substrate  and  a  negative  electrode  of  an  alkali  metal  or  an  alkaline  earth  metal  will  be  described.  With 

reference  to  Figure  3,  in  the  second-type  cell,  the  negative  electrode  2  is  composed  of  an  alkali  metal  or  an 
alkaline  earth  metal.  Other  reference  numerals  have  the  same  meanings  as  in  the  case  of  the  first-type  cell. 

In  the  second-type  cell,  the  doping  mechanism,  i.e.  the  cell  operating  mechanism,  is  twofold.  According 
to  a  first  mechanism,  doping  of  the  insoluble  and  infusible  substrate  with  an  electron  accepting  dopant 

20  corresponds  to  charging,  and  undoping  corresponds  to  discharging.  For  example,  a  cell  built  by  using  the 
undoped  insoluble  and  infusible  substrate  and  lithium  as  the  electrodes  and  a  1  mole/liter  propylene 
carbonate  solution  of  UCIO4  as  the  electrolytic  solution  has  an  electromotive  force  of  2.5  to  3.0  V  after 
building.  When,  a  CIO4-  ion  is  doped  into  the  insoluble  and  infusible  substrate  by  applying  voltage  from  an 
external  power  supply,  the  electromotive  force  of  the  cell  rises  to  3.5  to  4.5  V.  According  to  a  second 

25  mechanism,  doping  of  an  electrodonating  dopant  into  the  porous  insoluble  and  infusible  substrate  cor- 
responds  to  discharging,  and  undoping  corresponds  to  charging.  For  example,  a  cell  of  the  above 
construction  has  an  electromotive  force  of  2.5  to  3.0  V  after  building.  When  a  current  is  released  outside 
and  thus  a  lithium  ion  is  doped  into  the  insoluble  and  infusible  substrate,  the  electromotive  force  of  the  cell 
is  1.0  to  2.5  V.  When  a  lithium  ion  is  undoped  by  applying  voltage  from  an  external  power  supply,  the 

30  electromotive  force  of  the  cell  is  again  2.5  to  3.0  V. 
The  doping  or  undoping  may  be  carried  out  at  a  fixed  current  or  voltage,  or  under  conditions  where  the 

current  and  voltage  vary.  The  amount  of  the  dopant  to  be  doped  in  the  insoluble  and  infusible  substrate, 
however,  is  preferably  0.5  to  20  %  in  terms  of  the  number  of  ions  doped  per  carbon  atom  of  the  substrate. 

The  cell  of  this  invention  comprising  the  porous  insoluble  and  infusible  substrate  as  an  electrode  is  a 
35  secondary  cell  which  can  be  repeatedly  charged  and  discharged.  Its  electromotive  force  differs  according  to 

the  construction  of  the  cell.  The  first  type  has  an  electromotive  force  of  1.0  to  3.5  V.  The  second  type  has 
an  electromotive  force  of  3.5  to  4.5  V  when  operated  in  accordance  with  the  first  mechanism,  and  2.5  to  3.0 
V  when  operated  in  accordance  with  the  second  mechanism:  The  cell  of  this  invention  particularly  has  a 
high  energy  density  per  unit  weight  thereof,  and  when  doped  in  proper  amounts,  has  an  energy  density  of 

40  about  500  WH/kg  of  the  insoluble  and  infusible  substrate.  The  cell  of  this  invention  has  a  power  density 
much  higher  than  that  of  a  lead  battery  although  it  differs  depending  upon  the  structure  of  the  cell. 
Furthermore,  the  use  of  the  porous  insoluble  and  infusible  substrate  in  this  invention  as  an  electrode  can 
lead  to  the  production  of  a  secondary  cell  which  has  a  low  internal  resistance,  and  can  be  repeatedly 
charged  and  discharged,  and  of  which  performance  does  not  decrease  over  an  extended  period  of  time. 

45  The  seconday  cell  produced  by  this  invention  comprises  the  porous  insoluble  and  infusible  substrate 
with  a  polyacen-type  skeletal  structure  having  better  oxidation  resistance,  heat  resistance,  moldability  and 
mechanical  strength  than  known  organic  semiconductors  as  an  electrode,  and  an  electrolytic  solution 
composed  of  a  solution  in  an  aprotic  organic  solvent  of  a  compound  capable  of  forming  ions  dopable  in  the 
electrode  by  electrolysis,  and  uses  an  electron  donating  or  accepting  dopant  doped  in  the  electrodes  as  an 

50  electrode  active  substance.  It  is  a  novel  high-performance  secondary  cell  having  a  very  high  capacity  and  a 
high  output  and  capable  of  being  reduced  in  size,  thickness  and  weight. 

In  the  present  application,  the  average  pore  diameter  of  open  pores  are  measured  and  defined  as 
follows:- 

A  sample  is  photographed  through  an  electron  microscope  at  a  magnification  of  1,000  to  10,000  X.  A 
55  given  straight  line  is  drawn  across  the  micrograph,  and  the  number  of  pores,  n,  which  cross  the  straight  line 

is  counted.  The  average  pore  diameter  (d)  is  then  calculated  in  accordance  with  the  following  equation. 
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n  
m i  

i = l  
n  

wherein  Hi  is  the  length  of  a  line  segment  cut  by  a  pore  that  crosses  the  straight  line, 

io  n 
LJU 

i = l  

is  the  is  the  sum  of  the  length  of  the  n  pores,  and  n  is  the  number  of  pores  which  cross  the  straight  line  and 
is  is  at  least  10. 

The  following  examples  illustrate  the  present  invention  more  specifically. 

EXAMPLE  1 

20  (1)  An  aqueous  solution  prepared  by  mixing  a  water-soluble  resol  (about  60  %  in  concentration),  zinc 
chloride  and  water  in  a  weight  ratio  of  10:25:4  was  poured  onto  a  glass  plate  by  a  film  applicator  to  form 
a  film.  A  glass  plate  is  put  over  the  aqueous  solution  formed  into  a  film,  and  the  film  was  heated  at  about 
100°C  for  1  hour  while  inhibiting  evaporation  of  water.  The  resulting  cured  film  was  washed  with  dilute 
hydrochloric  acid  and  then  with  water,  and  dried  to  form  a  porous  cured  phenolic  resin  film  having  a 

25  thickness  of  about  200  micrometers. 
The  porous  cured  phenolic  resin  film  was  heat-treated  in  a  siliconit  electric  furnace  in  a  nitrogen 

stream  to  600  °  C  at  a  temperature  elevating  rate  of  40  °  C/hour  to  obtain  an  insoluble  and  infusible  porous 
film.  The  porous  film  had  an  electrical  conductivity,  measured  by  a  dc  4-terminal  method,  of  10-7  (ohm- 
cm)-1.  Its  apparent  density  was  0.40  g/cm3.  The  resulting  film  had  excellent  mechanical  strength.  By 

30  elemental  analysis,  the  film  had  a  hydrogen/carbon  atomic  ratio  of  0.34.  The  X-ray  diffraction  pattern  of 
the  film  was  attributed  to  the  polyacen-type  skeletal  structure,  and  had  a  broad  main  peak  in  the  vicinity 
of  20  =  20-24  °  ,  and  a  small  peak  in  the  vicinity  of  20  =  41  -46  °  . 

To  observe  the  pores  of  the  resulting  film  semiconductor,  an  electron  micrograph  of  the  section  of 
the  film  was  taken.  The  micrograph  is  shown  in  Figure  1.  It  is  seen  from  Figure  1  that  the  resulting  film 

35  had  a  three-dimensional  network  structure  and  contained  fine  open  pores  having  a  diameter  of  not  more 
than  10  micrometers. 
(2)  A  tetrahydrofuran  solution  of  sodium  naphthalate  was  prepared  by  using  dehydrated  tetrahydrofuran, 
naphthalene  and  metallic  sodium.  In  a  dry  box,  the  semiconductor  film  obtained  as  above  was  immersed 
in  the  solution  to  perform  doping  at  room  temperature  for  about  1  hour.  The  doped  semiconductor  film 

40  was  then  washed  with  dehydrated  tetrahydrofuran,  and  dried  under  reduced  pressure  for  about  10  hours. 
The  dried  semiconductor  film  had  an  electrical  conductivity  of  about  10-1  (ohm-cm)-1. 

EXAMPLES  2-5 

45  (1)  A  porous  cured  phenolic  resin  film  having  a  thickness  of  about  200  micrometers  obtained  as  in 
Example  1  was  heated  in  a  siliconit  electric  furnace  in  a  nitrogen  stream  to  each  of  the  various 
temperatures  shown  Table  1  at  a  rate  of  about  30  °  C/hour.  The  resulting  porous  semiconductor  film  was 
subjected  to  elemental  analysis  and  measurement  of  electrical  conductivity,  and  the  results  are  shown  in 
Table  1  . 

50  (2)  The  semiconductor  film  was  put  in  a  vacuum  line,  and  the  degree  of  vacuum  was  adjusted  to  about 
10-2.  Iodine  gas  was  introduced  into  the  line  at  room  temperature  to  perform  doping  for  about  10 
minutes.  The  electrical  conducivity  of  the  doped  film  is  shown  in  Table  1  . 
The  section  of  the  resulting  iodine-doped  film  was  examined  by  an  electron  microanalyzer  (EPMA)  to 

determine  the  state  of  distribution  of  iodine.  It  was  found  that  iodine  was  uniformly  distributed  in  the  film. 
55  It  is  seen  from  the  results  of  Table  1  that  doping  of  iodine  greatly  increased  the  electrical  conductivity 

of  the  porous  semiconductor  film. 
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Table  1 

Example  Heat-treatment  H/C  ratio  Electrical  conductivity  (ohm-cm)  1 
temperature  (  °  C) 

Before  doping  After  doping 

2  500  0.60  10-12  10-G 

3  550  0.42  10-12  10-+ 

4  730  0.18  10°  101 

5  780  0.08  101  102 

EXAMPLE  6 

(1)  An  aqueous  solution  prepared  by  mixing  a  water-soluble  resol  (about  60  %  in  concentration),  zinc 
chloride  and  water  in  a  weight  ratio  of  10:25:4  was  poured  onto  a  glass  plate  by  a  film  applicator  to  form 
a  film.  A  glass  plate  was  put  over  the  aqueous  solution  formed  into  a  film,  and  the  film  as  heated  at 
about  100°C  for  1  hour  while  inhibiting  evaporation  of  water. 

The  porous  cured  phenolic  resin  film  was  heat-treated  in  a  siliconit  electric  furnace  in  a  nitrogen 
stream  to  450  °  C  at  a  temperature  elevating  rate  of  40  °  C/hour,  washed  with  dilute  hydrochloric  acid  and 
then  water,  and  then  dried  to  form  a  porous  film  having  a  thickness  of  about  200  microns,  an  apparent 
density  of  about  0.35  g/cm3  and  an  excellent  mechanical  strength.  The  porous  film  had  an  electrical 
conductivity,  measured  by  a  dc  4-terminal  method,  of  10-7  (ohm-cm)-1.  By  elemental  analysis,  the  film 
had  a  hydrogen/carbon  atomic  ratio  of  0.35.  The  X-ray  diffraction  pattern  of  the  film  was  attributed  to  the 
polyacen-type  skeletal  structure,  and  had  a  broad  main  peak  in  the  vicinity  of  20  =  20-22  °  ,  and  a  small 
peak  in  the  vicinity  of  20  =  41  -46  °  . 

The  film  was  found  to  have  a  BET  specific  surface  area  of  as  high  as  2,100  m2/g. 
To  observe  the  pores  of  the  resulting  film  semiconductor,  an  electron  micrograph  of  the  section  of 

the  film  was  taken.  The  resulting  film  had  a  three-dimensional  network  structure  and  contained  fine  open 
pores  having  a  diameter  of  not  more  than  10  micrometers. 
(2)  A  tetrahydrofuran  solution  of  sodium  naphthalate  was  prepared  by  using  dehydrated  tetrahydrofuran, 
naphthalene  and  metallic  sodium.  In  a  dry  box,  the  semiconductor  film  obtained  as  above  was  immersed 
in  the  solution  to  perform  doping  at  room  temperature  for  about  1  hour.  The  doped  semiconductor  film 
was  then  washed  with  dehydrated  tetrahydrofuran,  and  dried  under  reduced  pressure  for  about  10  hours. 
The  dried  semiconductor  film  had  an  electrical  conductivity  of  about  10-1  (ohm-cm)-1. 

EXAMPLES  7-9 

(1)  A  porous  cured  phenolic  resin  film  having  a  thickness  of  about  200  micrometers  obtained  as  in 
Example  1  was  heated  in  a  siliconit  electric  furnace  in  a  nitrogen  stream  to  each  of  the  various 
temperatures  shown  Table  1  at  a  rate  of  about  30  °  C/hour.  The  porous  semiconductor  film  was  washed 
with  dilute  hydrochloric  acid  and  water,  and  dried.  The  resulting  porous  semiconductor  film  was  then 
subjected  to  elemental  analysis  and  measurement  of  electrical  conductivity  and  BET  specific  surface 
area.  The  results  are  shown  in  Table  2. 
(2)  LiCICU  was  dissolved  in  fully  dehydrated  propylene  carbonate  to  form  a  solution  having  a  concentra- 
tion  of  about  1  .0  mole/liter.  Using  Lithium  metal  as  a  negative  electrode,  the  porous  semiconductor  film 
as  a  positive  electrode,  and  the  resulting  solution  as  an  electrolytic  solution,  CIO+-  ions  were  doped  for 
about  1  hour  by  applying  a  voltage  of  about  4  V  across  the  electrodes.  The  amount  of  doping  was 
expressed  as  the  number  of  CIO+-  ions  per  carbon  atom  of  the  semiconductor  film.  In  the  present 
invention,  the  number  of  CIO+-  ions  was  determined  from  the  current  flowing  through  the  circuit.  The 
doped  porous  film  was  then  washed  with  acetone  and  dried  under  reduced  pressure.  Then,  its  electrical 
conductivity  was  measured.  The  results  are  shown  in  Table  2. 
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Table  2 

Example  Heat-treatment  H/C  ratio  Electrical  BET  specific  Amount  of  CICU-  Electrical 
temperature  conductivity  surface  area  doped  (%)  conductivity  after 

(°C)  before  doping  (m2/g)  doping 
(ohm-cm)-1  (ohm-cm)-1 

7  400  0.50  10-11  1950  1.5  10-+ 

8  500  0.28  10-+  2100  3.5  10° 

9  700  0.08  10°  1900  2.8  101 
10 

15 

CICU-  ions  having  a  large  ion  radius  could  be  doped  smoothly  within  a  short  period  of  time  because  the 
porous  semiconductors  in  accordance  with  this  invention  had  fine  open  pores  and  a  very  high  BET  specific 
surface  area. 

EXAMPLE  10 

20 

25 

30 

35 

40 

45 

50 

55 

(1)  An  aqueous  solution  prepared  by  mixing  a  water-soluble  resol  (about  60  %  in  concentration),  zinc 
chloride  and  water  in  a  weight  ratio  of  10:25:4  was  poured  onto  a  glass  plate  by  a  film  applicator  to  form 
a  film.  A  glass  plate  was  put  over  the  aqueous  solution  formed  into  a  film,  and  the  film  was  heated  at 
about  100°C  for  1  hour  while  inhibiting  evaporation  of  water. 

The  porous  cured  phenolic  resin  film  was  heat-treated  in  a  siliconit  electric  furnace  in  a  nitrogen 
stream  to  500  0  C  at  a  temperature  elevating  rate  of  40  0  C/hour,  washed  with  dilute  hydrochloric  acid  and 
water,  and  then  dried  to  form  a  porous  film  having  a  thickness  of  about  200  microns,  an  apparent  density 
of  about  0.35  g/cm3  and  an  excellent  mechanical  strength.  The  porous  film  had  an  electrical  conductivity, 
measured  by  a  dc  4-terminal  method,  of  10-+  (ohm-cm)-1.  By  elemental  analysis,  the  film  had  a 
hydrogen/carbon  atomic  ratio  of  0.27.  The  X-ray  diffraction  pattern  of  the  film  was  attributed  to  the 
polyacen-type  skeletal  structure,  and  had  a  broad  main  peak  in  the  vicinity  of  20  =  20-22  0  ,  and  a  small 
peak  in  the  vicinity  of  20  =  41  -46  0  . 

The  film  had  a  specific  surface  area,  measured  by  the  BET  method  of  as  high  as  2100  m2/g. 
To  observe  the  pores  of  the  resulting  film  semiconductor,  an  electron  micrograph  of  the  section  of 

the  film  was  taken.  The  micrograph  is  shown  in  Figure  2.  It  is  seen  from  Figure  2  that  the  resulting  film 
had  a  three-dimensional  network  structure  and  contained  fine  open  pores  having  a  diameter  of  not  more 
than  10  micrometers. 
(2)  LiCICU  was  dissolved  in  fully  dehydrated  propylene  carbonate  to  form  an  electrolyte  solution  having  a 
concentration  of  1.0  mole/liter.  Using  lithium  metal  as  a  negative  electrode  and  the  porous  film 
semiconductor  as  a  positive  electrode,  a  cell  was  built  as  shown  in  Figure  3.  A  felt  of  glass  fibers  was 
used  as  the  separator,  and  a  stainless  steel  mesh,  as  the  current  collector. 
The  amount  of  doping  was  expressed  as  the  number  of  ions  doped  per  carbon  atom  of  the  porous  film 

substrate.  In  the  present  invention,  the  number  of  doped  ions  was  determined  from  the  current  that  flowed 
through  the  circuit. 

A  voltage  was  applied  to  the  cell  from  an  external  power  supply,  and  CICU-  ions  were  doped  for  about 
5  hours  in  the  porous  insoluble  and  infusible  film  substrate  at  such  a  current  density  that  the  amount  of 
doping  per  hour  became  1  %.  As  a  result,  the  cell  was  charged.  Then,  the  cell  was  discharged  at  the  same 
current  density  until  the  cell  voltage  reached  2.5  V. 

Doping  was  carried  out  in  a  predetermined  amount  at  the  same  current  density  as  above  to  charge  the 
cell.  The  cell  was  then  discharged  at  the  same  rate  to  return  the  voltage  to  2.5  V.  The  results  are  shown  in 
Figure  4.  In  Figure  4,  the  ordinate  represents  the  open  circuit  voltage  of  the  cell,  and  the  abscissa,  the 
amount  of  doping.  White  circles  correspond  to  charging,  and  black  circles,  to  discharging.  Curve  11  is  a 
discharge  curve  after  2%  doping;  curve  12,  a  discharge  curve  after  4%  doping;  curve  13,  a  discharge  curve 
after  6%  doping;  and  curve  14,  a  discharge  curve  after  8%  doping. 

After  8%  doping,  the  electromotive  force  of  the  cell  was  about  4.5  V,  and  the  efficiency  of  charging- 
discharging  (the  amount  of  discharging/the  amount  of  charging)  was  about  80  %,  and  the  cell  had  a 
capacity  of  as  high  as  about  150  mAH/g  of  the  semiconductor.  It  had  an  energy  density  of  about  500  WH/kg 
of  the  semiconductor.  During  these  tests,  the  internal  resistance  of  the  cell  was  as  good  as  about  20  ohms 
in  spite  of  the  fact  that  the  electrode  area  was  as  small  as  about  2  cm2. 
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EXAMPLES  11-13 

(1)  A  phenol  resin  film  having  a  thickness  of  about  200  micrometers  obtained  as  in  Example  10  was 
heated  to  each  of  the  temperatures  indicated  in  Table  3  at  a  rate  of  about  30  °  C/hour  in  a  siliconit  electric 

5  furnace  in  a  nitrogen  stream,  washed  with  dilute  hydrochloric  acid  and  water,  and  dried  to  obtain  a 
porous  insoluble  and  infusible  substrate  film.  The  resulting  porous  substrate  film  was  subjected  to 
elemental  analysis  and  measurement  of  BET  specific  surface  area.  The  results  are  shown  in  Table  3. 
(2)  LiBF+  was  dissolved  in  fully  dehydrated  propylene  carbonate  to  form  a  solution  having  a  concentra- 
tion  of  about  1.0  mole/liter.  A  cell  was  built  by  using  the  solution  as  an  electrolytic  solution,  lithium  metal 

io  as  a  negative  electrode  and  the  porous  substrate  film  as  a  positive  electrode. 
The  cell  was  charged  for  6  hours  by  applying  voltage  from  an  external  power  supply  at  such  a  current 

density  that  the  amount  of  doping  per  hour  was  1  %.  The  voltage  of  the  cell  after  doping  is  shown  in  Table 
3.  The  cell  was  then  discharged  at  the  same  current  density  until  the  cell  attained  a  voltage  equal  to  that 
immediately  after  building  of  the  cell.  The  charge  efficiency,  as  the  percentage  of  the  amount  of  discharging 

is  based  on  the  amount  of  charging,  is  shown  in  Table  3. 

Table  3 

Example  Heat-treatment  H/C  ratio  BET  specific  Voltage  after  doping  (V)  Charge 
temperature  (  °  C)  surface  area  (m2/g)  efficienty  (%) 

11  400  0.47  1950  4.2  80 
12  600  0.15  2000  4.4  85 
13  700  0.08  1900  4.5  80 

25 

EXAMPLE  14 

(1)  A  phenolic  resin  film  having  a  thickness  of  about  200  micrometers  obtained  in  the  same  way  as  in 
Example  10  was  washed  with  water  to  remove  part  of  zinc  chloride  contained  therein.  It  was  then  put  in  a 
siliconit  electric  furnace,  and  heat-treated,  washed  and  dried  by  the  same  procedure  as  in  Example  10. 

The  porous  film  had  an  apparent  density  of  about  0.40  g/cm3,  an  excellent  mechanical  strength  and 
an  electrical  conductivity  of  10-5  (ohms-cm)-1.  By  elemental  analysis,  the  film  was  found  to  have  a 
hydrogen/carbon  atomic  ratio  of  0.32.  It  had  a  BET  specific  surface  area  of  800  m2/g. 
(2)  A  cell  was  built  in  the  same  way  as  in  Example  10  using  the  resulting  porous  substrate.  After 
building,  the  cell  had  a  voltage  of  2.8  V.  The  cell  was  then  charged  for  6  hours  at  such  a  speed  that  the 
amount  of  doping  per  hour  was  1  %.  The  charged  cell  had  an  electromotive  force  of  4.3  V.  Then,  the  cell 
was  discharged  at  the  same  speed  until  its  electromotive  force  became  2.8  V.  Discharge  could  be 
effected  for  about  5  hours. 

EXAMPLE  15 

This  example  illustrates  the  first  type  cell  of  this  invention  in  which  both  the  positive  and  negative 
electrodes  were  composed  of  the  porous  insoluble  and  infusible  substrate  in  accordance  with  this  invention. 

A  cell  was  built  by  using  the  same  porous  substrate  as  used  in  Example  10  as  the  positive  and  negative 
electrodes  and  a  1  mole/liter  propylene  carbonate  solution  of  (C2H5)+NCI04  as  the  electrolytic  solution,  and 
subjected  to  a  charging-discharging  test.  Immediately  after  building,  the  cell  had  a  voltage  of  0  V.  Then,  by 
applying  a  voltage  of  2.5  V  from  an  external  power  supply  for  about  1  hour,  CICU-  ions  were  doped  into  the 
positive  electrode,  and  (C2H5)+N+  ions  ,  into  the  negative  electrode.  The  electromotive  force  of  the  cell  was 
2.5  V  as  a  matter  of  course.  The  cell  was  then  discharged  at  such  a  speed  that  the  amount  of  undoping  per 
hour  was  3  %.  In  about  1  hour,  the  voltage  of  the  cell  returned  to  0  V. 

The  above  charging-discharging  test  was  repeated  through  about  1000  cycles  to  determine  the 
durability  of  the  cell.  No  deterioration  in  cell  performance  was  observed. 

Example  16 

An  aqueous  solution  prepared  by  mixing  a  water-soluble  resol  (about  60  %  in  concentration),  zinc 
chloride  and  water  in  a  weight  ratio  of  10:25:4  was  poured  onto  a  glass  plate  by  a  film  applicator.  A 
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polyester  film  was  then  put  over  the  aqueous  solution  formed  into  the  film,  and  the  film  was  heated  at  about 
100°C  for  1  hour  to  cure  it.  The  resulting  cured  film  was  washed  with  dilute  hydrochloric  acid  and  then  with 
water,  and  dried  to  obtain  a  porous  cured  phenolic  resin  film  having  a  thickness  of  about  200  micrometers. 
The  porous  film  had  an  apparent  density  of  0.60  g/cm3.  It  also  had  excellent  flexibility  and  mechanical 

5  strength. 
An  electron  micrograph  of  the  section  of  the  film  is  shown  in  Figure  5.  The  resin  portion  had  a  three- 

dimensional  network  structure,  and  an  average  pore  diameter  of  not  more  than  10  micrometers. 

Claims 
10 

1.  An  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure  having  a  hydrogen/carbon 
atomic  ratio  of  from  0.05  to  0.60  and  open  pores  of  an  average  diameter  of  0.03  to  10  micrometer,  said 
substrate  being  a  heat-treated  product  of  an  aromatic  condensation  polymer  consisting  of  carbon, 
hydrogen  and  oxygen,  said  aromatic  condensation  polymer  being  selected  from  the  group  consisting  of 

is  (1)  a  condensation  product  of  an  aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group 
with  an  aldehyde,  and  (2)  a  condensation  product  of  a  mixture  of  an  aromatic  hydrocarbon  compound 
having  a  phenolic  hydroxyl  group  and  an  aromatic  hydrocarbon  compound  free  of  phenolic  hydroxyl 
group  with  an  aldehyde,  wherein  said  heat-treated  product  shows  a  three-dimensional  network  structure 
of  open  pores. 

20 
2.  The  substrate  of  claim  1  which  has  a  specific  surface  area,  measured  by  the  BET  method,  of  at  least 

600  m2/g. 

3.  The  substrate  of  claim  1  wherein  the  aromatic  condensation  polymer  is  a  condensation  product  of 
25  phenol  and  formaldehyde. 

4.  The  substrate  of  claim  1  wherein  polyacen-type  skeletal  structure  has  a  hydrogen/carbon  atomic  ratio 
of  from  0.05  to  0.5. 

30  5.  The  substrate  of  claim  1  wherein  the  polyacen-type  skeletal  structure  has  a  hydrogen/carbon  atomic 
ratio  of  from  0.15  to  0.60. 

6.  An  electrically  conductive  organic  polymeric  material  comprising  (a)  an  insoluble  and  infusible  substrate 
according  to  any  one  of  the  claims  1  to  5  and  (b)  an  electron  donating  doping  agent,  or  an  electron 

35  accepting  doping  agent,  or  both;  said  material  having  a  higher  electrical  conductivity  than  the  non- 
doped  substrate  (a). 

7.  The  material  of  claim  6  wherein  the  polyacen-type  skeletal  structure  has  a  hydrogen/carbon  atomic 
ratio  of  from  0.50  to  0.15. 

40 
8.  The  material  of  claim  6  which  has  a  direct-current  electrical  conductivity  at  room  temperature  of  at  least 

10-+  ohm_1cm_1. 

9.  The  material  of  claim  6  wherein  the  electron  donating  doping  agent  is  a  metal  selected  from  lithium, 
45  sodium,  potassium,  rubidium  and  cesium. 

10.  The  material  of  claim  6  wherein  the  electron  accepting  doping  agent  is  a  halogen  selected  from 
fluorine,  chlorine,  bromine  and  iodine. 

50  11.  The  material  of  claim  6  wherein  the  electron  accepting  doping  agent  is  a  halogen  compound  selected 
from  AsF5,  PF5,  BF3,  BCI3  and  BBr3. 

12.  The  material  of  claim  6  wherein  the  electron  accepting  doping  agent  is  an  oxide  of  a  non-metal  element 
selected  from  S03  and  N2O5  or  an  anion  derived  from  H2SO4,  HN03  and  HCICv 

55 
13.  The  material  of  claim  6  which  is  in  the  form  of  a  molded  article. 

14 
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14.  An  organic  cell  comprising  a  positive  electrode,  a  negative  electrode  and  an  electrolytic  solution,  one  or 
both  of  said  positive  and  negative  electrodes  being  composed  of  an  insoluble  and  infusible  substrate 
with  a  polyacen-type  skeletal  structure  having  a  hydrogen/carbon  atomic  ratio  of  from  0.05  to  0.50,  a 
specific  surface  area,  measured  by  the  BET-method,  of  at  least  600  m2/g  and  containing  open  pores 

5  having  an  average  pore  diameter  of  0.03  to  10  micrometers,  said  substrate  being  a  heat-treated  product 
of  an  aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and  oxygen,  said  aromatic 
condensation  polymer  being  selected  from  the  group  consisting  of  (1)a  condensation  product  of  an 
aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group  with  an  aldehyde  ,  and  (2)  a 
condensation  products  of  a  mixture  of  an  aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl 

io  group  and  aromatic  hydrocarbon  compounds  free  of  phenolic  hydroxyl  groups  with  an  aldehyde, 
wherein  said  heat-treated  product  shows  a  three-dimensional  network  structure  of  open  pores,  and  said 
electrolytic  solution  being  a  solution  in  an  aprotic  organic  solvent  of  a  compound  capable  of  forming 
ions  which  can  dope  said  electrode  by  electrolysis. 

is  15.  The  organic  cell  of  claim  14  wherein  the  aromatic  condensation  polymer  is  a  condensation  product  of 
phenol  and  formaldehyde. 

16.  The  organic  cell  of  claim  14  wherein  the  hydrogen/carbon  atomic  ratio  is  from  0.1  to  0.35. 

20  17.  The  organic  cell  of  claim  14  wherein  the  positive  electrode  is  composed  of  the  insoluble  an  infusible 
substrate  and  the  negative  electrode  is  composed  of  an  alkali  metal  or  an  alkaline  earth  metal. 

18.  The  organic  cell  of  claim  14  wherein  the  negative  electrode  is  composed  of  lithium. 

25  19.  The  organic  cell  of  claim  14  wherein  both  the  positive  and  negative  electrodes  are  composed  of  the 
insoluble  and  infusible  substrate. 

20.  The  organic  cell  of  claim  14  wherein  the  compound  capable  of  forming  dopable  ions  is  Lil,  Nal,  NH+I, 
LiCIO+,  UAsFg,  LiBf+,  KPFG,  NaPG,  (C2H5)+NCIO+,  (n-C+H9)S+NCIO+,  (C2H5)+NBF+,  (n-C+H9)+PFG  or 

30  LiHF2. 

21.  The  organic  cell  of  claim  14  wherein  the  aprotic  organic  solvent  is  ethylene  carbonate,  propylene 
carbonate,  gamma-butyrolactone,  dimethylformamide,  dimethylacetamide,  dimethyl  sulfoxide,  acetoni- 
trile,  dimethoxyethane,  tetrahydrofuran,  methylene  chloride  or  sulfolane. 

35 
22.  The  organic  cell  of  claim  14  wherein  the  insoluble  and  infusible  substrate  is  in  the  form  of  a  film,  a 

plate,  or  a  composite  thereof. 

Patentanspruche 
40 

1.  Unlosliches  und  unschmelzbares  Substrat  mit  einer  Skelettstruktur  vom  Polyacentyp  mit  einem  Atom- 
verhaltnis  von  Wasserstoff/Kohlenstoff  von  0,05  bis  0,60  und  offenen  Poren  mit  einem  durchschnittli- 
chen  Durchmesser  von  0,03  bis  10  Micrometern,  wobei  das  Substrat  ein  warmebehandeltes  Produkt 
aus  einem  aromatischen  Kondensationspolymer  ist,  bestehend  aus  Kohlenstoff,  Wasserstoff  und  Sauer- 

45  stoff,  wobei  das  aromatische  Kondensationspolymer  ausgewahlt  ist  aus  der  Gruppe,  bestehend  aus  (1) 
einem  Kondensationsprodukt  aus  einer  aromatischen  Kohlenwasserstoffverbindung  mit  einer  phenoli- 
schen  Hydroxylgruppe  mit  einem  Aldehyd  und  (2)  einem  Kondensationsprodukt  aus  einer  Mischung 
aus  einer  aromatischen  Kohlenwasserstoffverbindung  mit  einer  phenolischen  Hydroxylgruppe  und  einer 
aromatischen  Kohlenwasserstoffverbindung  ohne  eine  phenolische  Hydroxylgruppe  mit  einem  Aldehyd, 

50  wobei  das  warmebehandelte  Produkt  eine  dreidimensionale  Netzwerkstruktur  von  offenen  Poren  zeigt. 

2.  Substrat  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  dal3 
es  eine  spezifische  Oberflcahe,  gemessen  durch  das  BET-Verfahren,  von  wenigstens  600  m2/g  hat. 

55 
3.  Substrat  nach  Anspruch  1  , 

dadurch  gekennzeichnet,  dal3 
das  aromatische  Kondensationspolymer  ein  Kondensationsprodukt  von  Phenol  und  Formaldehyd  ist. 

15 
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4.  Substrat  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  dal3 
die  Skelettstruktur  vom  Polyacentyp  ein  Atomverhaltnis  von  Wasserstoff/Kohlenstoff  von  0,05  bis  0,5 
hat. 

5 
5.  Substrat  nach  Anspruch  1  , 

dadurch  gekennzeichnet,  dal3 
die  Skelettstruktur  vom  Polyacentyp  ein  Atomverhaltnis  von  Wasserstoff/Kohlenstoff  von  0,15  bis  0,60 
hat. 

10 
6.  Elektrisch  leitendes,  organisches  polymeres  Material,  umfassend  (a)  ein  unlosliches  und  unschmelzba- 

res  Substrat  nach  einem  der  Anspruche  1  bis  5,  und  (b)  ein  elektronengebendes  Dotierungsmittel  oder 
ein  elektronennehmendes  Dotierungsmittel  oder  beides;  wobei  das  Material  eine  hohere  elektrische 
Leitfahigkeit  als  das  nichtdotierte  Substrat  (a)  hat. 

15 
7.  Material  nach  Anspruch  6, 

dadurch  gekennzeichnet,  dal3 
die  Skelettstruktur  vom  Polyacentyp  ein  Atomverhaltnis  von  Wasserstoff/Kohlenstoff  von  0,50  bis  0,15 
hat. 

20 
8.  Material  nach  Anspruch  6, 

dadurch  gekennzeichnet,  dal3 
es  eine  elektrische  Direktstromleitfahigkeit  bei  Raumtemperatur  von  wenigstens  10_+  Ohm  _1cm_1  hat. 

25  9.  Material  nach  Anspruch  6, 
dadurch  gekennzeichnet,  dal3 
das  elektronengebende  Dotierungsmittel  ein  Metall  ist,  ausgewahlt  aus  Lithium,  Natrium,  Kalium, 
Rubidium  und  Casium. 

30  10.  Material  nach  Anspruch  6, 
dadurch  gekennzeichnet,  dal3 
das  elektronennehmende  Dotierungsmittel  ein  Halogen  ist,  ausgewahlt  aus  Fluor,  Chlor,  Brom  und  Jod. 

11.  Material  nach  Anspruch  6, 
35  dadurch  gekennzeichnet,  dal3 

das  elektronennehmende  Dotierungsmittel  eine  Halogenverbindung  ist,  ausgewahlt  aus  AsF5,  PF3,  BF3 
,  BCI3  und  BBr3. 

12.  Material  nach  Anspruch  6, 
40  dadurch  gekennzeichnet,  dal3 

das  elektronennehmende  Dotierungsmittel  ein  Oxid  aus  einem  Nichtmetallelement  ist,  ausgewhalt  aus 
S03  und  N205,oder  ein  Anion  ist,  das  sich  von  H2SO4  und  HN03  und  HCIO4  ableitet. 

13.  Material  nach  Ansrpuch  6, 
45  dadurch  gekennzeichnet,  dal3 

es  in  der  Form  eines  geformten  Gegenstandes  vorliegt. 

14.  Organische  Zelle,  umfassend  eine  positive  Elektrode,  eine  negative  Elektrode  und  eine  elektrolytische 
Losung,  wobei  eine  oder  beide  der  positiven  und  negativen  Elektrode  sich  aus  einem  unloslichen  und 

50  unschmelzbaren  Substrat  mit  einer  Skelettstruktur  vom  Polyacentyp  mit  einem  Atomverhaltnis  von 
Wasserstoff/Kohlenstoff  von  0,05  bis  0,5,  einer  spezifischen  Oberflache,  gemessen  durch  das  BET- 
Verfahren,  von  wenigstens  600  m2/g  und  mit  offenen  Poren  mit  einem  durchschnittlichen  Porendurch- 
messer  von  0,03  bis  10  Micrometern  zusammensetzt,  wobei  das  Substrat  ein  warmebehandeltes 
Produkt  aus  einem  aromatischen  Kondensationspolymer  ist,  bestehend  aus  Kohlenstoff,  Wasserstoff 

55  und  Sauerstoff,  wobei  das  aromatische  Kondensationspolymer  ausgewahlt  ist  aus  der  Gruppe,  beste- 
hend  aus  (1)  einem  Kondensationsporodukt  aus  einer  aromatischen  Kohlenwasserstoffverbindung  mit 
einer  phenolischen  Hydroxylgruppe  mit  einem  Aldehyd,  und  (2)  einem  Kondensationsprodukt  aus  einer 
Mischung  aus  einer  aromatischen  Kohlenwasserstoffverbindung  mit  einer  phenolischen  Hydroxylgruppe 

16 
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und  aromatischen  Kohlenwasserstoffverbindungen  ohne  phenolische  Hydroxylgruppen  mit  einem  Al- 
dehyd,  wobei  das  warmebehandelte  Produkt  eine  dreidimensionale  Netzwerkstruktur  von  offenen  Poren 
zeigt,  und  wobei  die  elektrolytische  Losung  eine  Losung  aus  einer  Verbindung  in  einem  aprotischen 
Losungsmittel  ist,  die  in  der  Lage  ist,  lonen  zu  bilden,  die  die  Elektrode  durch  Elektrolyse  dotieren 

5  konnen. 

15.  Organische  Zelle  nach  Anspruch  14, 
dadurch  gekennzeichnet,  dal3 
das  aromatische  Kondensationspolymer  ein  Kondensationsprodukt  von  Phenol  und  Formaldehyd  ist. 

10 
16.  Organische  Zelle  nach  Anspruch  14, 

dadurch  gekennzeichnet,  dal3 
das  Atomverhaltnis  von  Wasserstoff/Kohlenstoff  0,1  bis  0,35  ist. 

is  17.  Organische  Zelle  nach  Anspruch  14, 
dadurch  gekennzeichnet,  dal3 
die  positive  Elektrode  sich  aus  dem  unloslichen  und  unschmelzbaren  Substrat  zusammensetzung  und 
dal3  sich  die  negative  Elektrode  aus  einem  Alkalimetall  oder  einem  Erdalkalimetall  zusammensetzt. 

20  18.  Organische  Zelle  nach  Anspruch  14, 
dadurch  gekennzeichnet,  dal3 
die  negative  Elektrode  sich  aus  Lithium  zusammensetzt. 

19.  Organische  Zelle  nach  Anspruch  14, 
25  dadurch  gekennzeichnet,  dal3 

dal3  sich  sowohl  die  positive  als  auch  die  negative  Elektrode  aus  dem  unloslichen  und  unschmelzbaren 
Substrat  zusammensetzen. 

20.  Organische  Zelle  nach  Anspruch  14, 
30  dadurch  gekennzeichnet,  dal3 

dal3  die  Verbindung,  die  in  der  Lage  ist,  dotierbare  lonen  zu  bilden,  Lil,  Nal,  NhUI,  LiCIO ,̂  LiAsFG, 
LiBF+,  KPFG  ,  NaPG,  (C2H5)+NCIO+,  (n-C+H9)S+NCIO+,  (C2H5)+NBF+,  (n-C+H9)+PFG  oder  LiHF2  ist. 

21.  Organische  Zelle  nach  Anspruch  14, 
35  dadurch  gekennzeichnet,  dal3 

das  aprotische  organische  Losungsmittel  Ethylencarbonat,  Propylencarbonat,  gamma-Butylrolacton, 
Dimethylformamid,  Dimethylacetamid,  Dimethylsulfoxid,  Acetonitril,  Dimethoxyethan,  Tetrahydrofuran, 
Methylenchlorid  oder  Sulfolan  ist. 

40  22.  Organische  Zelle  nach  Anspruch  14, 
dadurch  gekennzeichnet,  dal3 
das  unlosliche  und  unschmelzbare  Substrat  in  der  Form  eines  Filmes,  einer  Platte  oder  eines 
Verbundes  davon  vorliegt. 

45  Revendications 

1.  Support  insoluble  et  infusible  avec  un  squelette  du  type  polyacene  ayant  un  rapport  atomique 
hydrogene/carbone  allant  de  0,05  a  0,60,  et  des  pores  ouverts  d'un  diametre  moyen  de  0,03  a  10 
micrometres,  ce  support  etant  le  produit  thermiquement  traite  d'un  polymere  de  condensation  aromati- 

50  que  constitue  de  carbone,  d'hydrogene  et  d'oxygene,  ce  polymere  de  condensation  aromatique  etant 
choisi  dans  le  groupe  forme  par  (1)  un  produit  de  condensation  d'un  compose  hydrocarbone  aromati- 
que  comportant  un  groupe  hydroxyle  phenolique  avec  un  aldehyde,  et  (2)  un  produit  de  condensation 
d'un  melange  forme  d'un  compose  hydrocarbone  aromatique  comportant  un  groupe  hydroxyle  phenoli- 
que  et  d'un  compose  hydrocarbone  aromatique  exempt  de  groupe  hydroxyle  phenolique  avec  un 

55  aldehyde,  ledit  produit  thermiquement  traite  montrant  une  structure  reticulee  a  trois  dimensions  a  pores 
ouverts. 

17 
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2.  Support  selon  la  revendication  1,  ayant  une  surface  specifique,  mesuree  par  la  methode  BET,  d'au 
moins  600  m2/g. 

3.  Support  selon  la  revendication  1,  dans  lequel  le  polymere  de  condensation  aromatique  est  un  produit 
5  de  condensation  du  phenol  et  du  formaldehyde. 

4.  Support  selon  la  revendication  1  ,  dont  le  squelette,  du  type  polyacene,  presente  un  rapport  atomique 
hydrogene/carbone  allant  de  0,05  a  0,5. 

io  5.  Support  selon  la  revendication  1,  dont  le  squelette  du  type  polyacene  presente  un  rapport  atomique 
hydrogene/carbone  allant  de  0,15  a  0,60. 

6.  Matiere  a  base  de  polymere  organique  ayant  une  conductivite  electrique,  comprenant  (a)  un  support 
insoluble  et  infusible  selon  I'une  quelconque  des  revendications  1  a  5  et  (b)  un  agent  de  dopage 

is  donneur  d'electron  ou  un  agent  de  dopage  accepteur  d'electron  ou  les  deux  ;  cette  matiere  ayant  une 
conductivite  electrique  superieure  a  celle  du  support  (a)  non  dope. 

7.  Matiere  selon  la  revendication  6,  dont  le  squelette,  du  type  polyacene,  presente  un  rapport  atomique 
hydrogene/carbone  allant  de  0,50  a  0,15. 

20 
8.  Matiere  selon  la  revendication  6,  ayant  une  conductivite  electrique  de  courant  continu,  a  la  temperature 

ambiante,  d'au  moins  10_+  ohm-1  cm-1. 

9.  Matiere  selon  la  revendication  6,  dans  laquelle  I'agent  de  dopage  donneur  d'electron  est  un  metal 
25  choisi  parmi  le  lithium,  le  sodium,  le  potassium,  le  rubidium  et  le  cesium. 

10.  Matiere  selon  la  revendication  6,  dans  laquelle  I'agent  de  dopage  accepteur  d'electron  est  un  halogene 
choisi  parmi  le  fluor,  le  chlore,  le  brome  et  I'iode. 

30  11.  Matiere  selon  la  revendication  6,  dans  laquelle  I'agent  de  dopage  accepteur  d'electron  est  un  compose 
halogene  choisi  parmi  AsF5,  PF5,  BF3,  BCb  et  BBr3. 

12.  Matiere  selon  la  revendication  6,  dans  laquelle  I'agent  de  dopage  accepteur  d'electron  est  un  oxyde 
d'un  element  non  metallique  choisi  parmi  SO3  et  N2O5  ou  un  anion  derive  de  H2SO4,  HNO3  et  HCICv 

35 
13.  Matiere  selon  la  revendication  6,  qui  est  en  forme  d'article  moule. 

14.  Pile  organique  comprenant  une  electrode  positive,  une  electrode  negative  et  une  solution  d'electrolyte, 
I'une  ou  les  deux  electrodes  positive  et  negative  etant  constitutes  d'un  support  insoluble  et  infusible, 

40  ayant  un  squelette  du  type  polyacene,  comportant  un  rapport  atomique  hydrogene/carbone  allant  de 
0,05  a  0,50,  une  surface  specifique,  mesuree  par  la  methode  BET,  d'au  moins  600  m2/g  et  contenant 
des  pores  ouverts,  le  diametre  moyen  des  pores  allant  de  0,03  a  10  micrometres,  ce  support  etant  un 
produit  thermiquement  traite  d'un  polymere  de  condensation  aromatique  constitue  de  carbone,  d'hydro- 
gene  et  d'oxygene,  ce  polymere  de  condensation  aromatique  etant  choisi  dans  le  groupe  forme  par  (1) 

45  un  produit  de  condensation  d'un  compose  hydrocarbone  aromatique  comportant  un  groupe  hydroxyle 
phenolique  avec  un  aldehyde,  et  (2)  un  produit  de  condensation  d'un  melange  forme  d'un  compose 
hydrocarbone  aromatique  comportant  un  groupe  hydroxyle  phenolique  et  d'un  compose  hydrocarbone 
aromatique  exempt  de  groupes  hydroxyle  phenolique  avec  un  aldehyde,  ledit  produit  thermiquement 
traite  ayant  une  structure  reticulaire  tridimensionnelle  a  pores  ouverts,  et  ladite  solution  electrolytique 

50  etant  une  solution  dans  un  solvant  organique  aprotique  d'un  compose  capable  de  former  des  ions  qui 
peuvent  doper  ladite  electrode  par  electrolyse. 

15.  Pile  organique  selon  la  revendication  14,  ou  le  polymere  de  condensation  aromatique  est  un  produit  de 
condensation  de  phenol  et  de  formaldehyde. 

55 
16.  Pile  organique  selon  la  revendication  14,  ou  le  rapport  atomique  hydrogene/carbone  va  de  0,1  a  0,35. 

18 
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17.  Pile  organique  selon  la  revendication  14,  ou  I'electrode  positive  est  constitute  d'un  support  insoluble  et 
infusible  et  I'electrode  negative  est  constitute  d'un  metal  alcalin  ou  d'un  metal  alcalino-terreux. 

18.  Pile  organique  selon  la  revendication  14,  ou  I'electrode  negative  est  constitute  de  lithium. 
5 

19.  Pile  organique  selon  la  revendication  14,  ou  les  deux  tlectrodes  positive  et  ntgative  sont  constitutes 
du  support  insoluble  et  infusible. 

20.  Pile  organique  selon  la  revendication  14,  ou  le  compost  capable  de  former  des  ions  de  dopage  est 
w  choisi  parmi  les  suivants:  Lil,  Nal,  Nhkl,  LiCIO+,  LiAsFG,  LiBF+,  KPFG,  NaPG,  (C2H5)+NCIO+,  (n-C+H9)- 

S+NCIO+,  (C2H5)+NBF+,  (n-C+H9)PFG  et  LiHF2. 

21.  Pile  organique  selon  la  revendication  14,  ou  le  solvant  organique  aprotique  est  choisi  parmi  le 
carbonate  d'tthylene,  le  carbonate  de  propylene,  la  gamma-butyrolactone,  le  dimtthylformamide,  le 

15  dimtthylacttamide,  le  dimethylsulfoxyde,  I'acttonitrile,  le  dimtthoxytthane,  le  tttrahydrofuranne,  le 
chlorure  de  mtthylene  et  le  sulfolane. 

22.  Pile  organique  selon  la  revendication  14,  ou  le  support  insoluble  et  infusible  se  trouve  sous  la  forme 
d'une  pellicule,  d'une  plaque  ou  sous  une  forme  comprise  entre  la  pellicule  et  la  plaque. 
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