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Description 

This  invention  relates  to  an  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure,  an 
electrically  conductive  organic  polymeric  material  obtained  by  doping  the  aforesaid  substrate  with  a  doping 

5  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  dopant  ions  as  an  electrolytic  solution. 

Description  of  the  Prior  Art 

io  Polymeric  materials  have  excellent  moldability,  light  weight  and  mass-producibility.  It  has  been  desired 
therefore  in  the  electronics  industry  and  many  other  industrial  fields  to  produce  electrically  semiconductive 
or  conductive  organic  polymeric  materials  by  utilizing  these  excellent  properties.  It  is  especially  desired  to 
produce  organic  polymeric  semiconductors  or  conductors  which  have  an  electrical  conductivity  in  the  range 
of  semiconductors  or  conductors,  possess  the  properties  of  n-type  or  p-type  semiconductors  as  in  inorganic 

75  semiconductors  such  as  silicon  and  germanium,  and  can  be  applied  to  diodes,  transistors,  solar  cells,  etc. 
by  utilizing  their  p-n  junction. 

Early  organic  polymeric  semiconductors  or  conductors  were  limited  in  application  because  they  were 
difficult  to  mold  into  films  or  sheets  and  did  not  have  the  properties  of  n-type  or  p-type  extrinsic 
semiconductors.  Recent  advances  in  technology  have  resulted  in  the  production  of  organic  polymeric 

20  materials  having  the  properties  of  n-type  or  p-type  semiconductors,  which  have  relatively  good  moldability 
and  can  be  formed  into  molded  articles,  and  of  which  electrical  conductivity  can  be  greatly  increased  by 
doping  them  with  an  electron  donating  dopant  or  an  electron  accepting  dopant.  Polyacetylene  and 
polyphenylene  are  known  as  examples  of  such  organic  polymeric  materials. 

For  example,  "Gosei  Kinzoku"  Kagaku  Zokan  ("Synthetic  Metals",  Chemistry,  special  issue)  No.  87, 
25  pages  15  to  28,  1980  discloses  that  by  polymerizing  acetylene,  polyacetylene  (having  an  electrical 

conductivity  of  10-9  to  10-5  ohm_1cm_1)  in  film  form  is  directly  obtained,  and  by  doping  it  with  an  electron 
donating  dopant  or  an  electron  accepting  dopant,  an  n-type  or  p-type  semiconductor  having  a  greatly 
increased  electrical  conductivity  can  be  obtained.  Polyacetylene,  however,  has  the  defect  of  being 
susceptible  to  oxidation  by  oxygen.  For  example,  when  polyacetylene  is  left  to  stand  in  air,  it  gradually 

30  absorbs  oxygen  and  increases  in  weight,  and  with  it,  turns  black  brown  and  finally  pale  yellow.  The  rapidity 
of  this  oxidation  reaction  depends  upon  the  crystallinity  of  polyacetylene.  For  example,  even  powdery 
polyacetylene  having  a  relatively  good  crystallinity  prepared  with  a  Ti(0-n-C4H9)4-AI(C2H5)3  catalyst  system 
changes  in  composition  to  (CHO0.i8)x  and  drastically  decreases  in  electrical  conductivity  when  it  is  left  to 
stand  in  air  at  room  temperature  for  2,000  hours.  Thus,  despite  its  excellent  electrical  conductivity, 

35  polyacetylene  has  poor  oxidation  stability  and  finds  little  practical  application. 
Japanese  Laid-Open  Patent  Publication  No.  129443/1980  discloses  that  an  n-type  or  p-type  semicon- 

ductor  having  a  greatly  increased  electrically  conductivity  can  be  produced  by  press-forming  polyphenylene 
(an  insulator  having  an  electrical  conductivity  of  about  10-12  ohm_1cm_1)  obtained  by  oxidative  cationic 
polymerization  of  benzene,  and  doping  the  resulting  molded  articles  of  polyphenylene  with  an  electron 

40  donating  dopant  or  an  electron  accepting  dopant.  Unlike  polyacetylene,  polyphenylene  has  the  advantage  of 
possessing  relatively  good  oxidation  stability.  Since,  however,  phenylene  moieties  are  linked  linearly  by 
single  bonds  in  polyphenylene,  a  conjugated  system  between  carbon  atoms  is  underdeveloped  and  there 
seems  to  be  a  limit  in  the  level  of  its  electrical  conductivity  which  can  be  achieved  by  using  a  doping  agent. 
Also,  there  seems  to  be  a  limit  to  the  controllability  of  electrical  properties  by  a  doping  agent.  In  fact,  when 

45  polyphenylene  is  doped,  for  example,  with  halogen  (an  electron  accepting  dopant),  the  degree  of  its 
increase  in  electrical  conductivity  is  smaller  than  that  of  polyacetylene  doped  with  the  same  amount  of 
halogen.  Even  when  polyphenylene  is  doped  with  halogen  in  the  largest  dopable  amount,  its  electrical 
conductivity  does  not  increase  beyond  10-7  ohm-1  cm-1  (see  Example  5  of  the  above-cited  Japanese 
patent  document). 

50  In  recent  years,  electronic  devices  and  appliances  have  strikingly  been  reduced  in  size,  thickness  or 
weight,  and  with  it,  it  has  been  increasingly  desired  to  build  electric  cells  in  small  size  and  thickness  and 
light  weight.  Presently,  silver  oxide  cells  are  in  widespread  use  as  small-sized  electric  cells  of  good 
performance.  Thin  dry  cells  or  small-sized  light-weight  lithium  cells  of  high  performance  have  been 
developed  and  come  into  commercial  acceptance.  Since,  however,  they  are  primary  cells,  they  cannot  be 

55  used  for  long  periods  of  time  by  repeated  charging  and  discharging.  On  the  other  hand,  nickel-cadmium 
cells  have  been  used  as  secondary  cells  of  high  performance,  but  are  still  unsatisfactory  in  realizing  small 
size,  small  thickness  and  light  weight. 

Lead  storage  cells  have  been  used  in  various  industrial  fields  as  secondary  cells  of  a  large  capacity. 
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The  greatest  defect  of  these  storage  cells  is  their  large  weight.  This  is  inevitable,  however,  since  lead 
peroxide  and  lead  are  used  as  electrodes.  In  recent  years,  attempts  have  been  made  to  decrease  their 
sizes  and  improve  their  performance  for  use  in  electric  automobiles,  but  have  not  resulted  in  practical  cells. 
There  has  been  a  strong  demand,  however,  for  light-weight  secondary  cells  of  a  large  capacity  as  storage 

5  cells. 
The  cells  now  in  commercial  acceptance  have  their  own  advantages  and  disadvantages  and  are  used 

selectively  according  to  the  desired  uses. 
To  fill  the  present-day  need  for  smaller  sizes,  smaller  thicknesses  and  lighter  weights,  a  cell  has 

recently  been  developed  which  contains  an  electrode  active  substance  obtained  by  doping  a  thin  film  of 
io  polyacetylene,  an  organic  semiconductor,  with  an  electron  donating  or  accepting  substance  (see  the 

specification  of  Japanese  Laid-Open  Patent  Publication  No.  136469/1981  corresponding  to  U.  S.  Patents 
Nos.  4,321,114  and  4,442,187  and  European  Laid-Open  Patent  Publications  Nos.  36118  and  124702).  This 
cell  is  a  secondary  cell  of  high  performance  and  could  be  rendered  thinner  and  lighter.  But  it  has  the  defect 
that  the  polyacetylene  as  an  organic  semicoductor  is  very  unstable,  and  readily  undergoes  oxidation  by 

is  oxygen  in  the  air  or  degeneration  by  heat.  This  cell  should  therefore  be  produced  in  an  atmosphere  of  an 
inert  gas,  and  there  is  also  a  restriction  in  the  molding  of  polyacetylene  into  a  shape  suitable  as  an 
electrode. 

Usually,  secondary  cells  are  required  to  have  a  high  electromotive  voltage,  a  high  charge  efficiency  and 
energy  efficiency  in  charging  and  discharging,  a  high  energy  density  and  power  density  per  unit  weight,  a 

20  long  service  life,  and  freedom  from  maintenance  and  be  low  in  cost. 
It  is  an  object  of  this  invention  to  provide  a  novel  insoluble  and  infusible  substrate  with  a  polyacentype 

skeletal  structure  which  has  a  high  surface  area  and  exhibits  excellent  oxidation  stability  as  well  as  excellent 
physical  properties. 

Another  object  of  this  invention  is  to  provide  an  insoluble  and  infusible  substrate  of  the  aforesaid 
25  properties  which  can  give  an  excellent  electrically  conductive  organic  polymeric  material  by  doping  with  an 

electron  donating  or  accepting  doping  agent. 
Still  another  object  of  this  invention  is  to  provide  an  insoluble  and  infusible  substrate  with  a  polyacen- 

type  skeletal  structure  which  has  a  high  specific  surface  area  and  can  be  used  suitably  as  an  electrode  of 
an  organic  electrolytic  cell  containing  an  electrolytic  solution  composed  of  a  solution  in  an  aprotic  organic 

30  solvent  of  a  compound  capable  of  forming  dopant  ions  by  electrolysis. 
Still  another  object  of  this  invention  is  to  provide  an  insoluble  and  infusible  substance  of  a  high  specific 

surface  area  which  can  be  doped  at  a  high  doping  speed  and  also  with  a  doping  agent  having  a  large  ionic 
radius. 

Still  another  object  of  this  invention  is  to  provide  an  electrically  conductive  organic  polymeric  material 
35  which  exhibits  excellent  oxidation  stability  in  addition  to  having  the  electrical  conductivity  of  a  semiconduc- 

tor  or  conductor  and  excellent  physical  properties. 
Still  another  object  of  this  invention  is  to  provide  an  electrically  conductive  organic  polymeric  material 

comprising  a  substrate  of  an  insoluble  and  infusible  material  having  a  polyacen-type  skeletal  structure  with 
a  developed  conjugated  system  between  carbon  atoms  and  an  electron  donating  dopant  or  an  electron 

40  accepting  dopant. 
Still  another  object  of  this  invention  is  to  provide  an  electrically  conductive  organic  polymeric  material 

having  the  properties  of  a  p-type  or  n-type  extrinsic  semiconductor. 
Still  another  object  of  this  invention  is  to  provide  a  secondary  cell  of  high  performance  comprising  the 

aforesaid  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure  as  an  electrode. 
45  Still  another  object  of  this  invention  is  to  provide  a  secondary  cell  having  a  high  electromotive  voltage,  a 

high  coulombic  efficiency  and  energy  efficiency  in  charging  and  discharging  and  a  high  energy  density  and 
power  density  per  unit  weight. 

Still  another  object  of  this  invention  is  to  provide  a  secondary  cell  which  has  a  long  service  life  and  is 
maintenance-free. 

50  Still  another  object  of  this  invention  is  to  provide  a  secondary  cell  which  is  easy  to  build  in  small  size  or 
thickness. 

Still  another  object  of  this  invention  is  to  provide  a  secondary  cell  which  is  easy  to  produce  and  low  in 
cost. 

Further  objects  and  advantages  of  this  invention  will  become  apparent  from  the  following  description. 
55  According  to  this  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  a  specific  surface  area,  measured  by  the  BET  method,  of  at  least  600  m2/g,  said  substrate 
being  a  heat-treated  product  of  an  aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and 
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oxygen. 
According  to  this  invention,  the  above  objects  and  advantages  are  achieved  secondly  by  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  0.15  to  0.60  and  a  specific  surface 

5  area  measured  by  the  BET  method  of  at  least  600  m2/g,  said  substrate  being  a  heat-treated  product  of  an 
aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and  oxygen,  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  this  invention,  the  above  objects  and  advantages  are  achieved  thirdly  by  an  organic  cell 
io  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  and  a  specific  surface 
area,  measured  by  the  BET  method,  of  at  least  600  m2/g,  said  substrate  being  a  heat-treated  product  of  an 
aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and  oxygen,  and  said  electrolytic  solution 

is  being  a  solution  in  an  aprotic  organic  solvent  of  a  compound  capable  of  forming  ions  which  can  dope  said 
electrodes  by  electrolysis. 

Figure  1  is  a  view  for  roughly  illustrating  the  structure  of  the  cell  of  this  invention. 
The  insoluble  and  infusible  substrate,  electrically  conductive  organic  polymeric  material  and  organic  cell 

in  accordance  with  this  invention  will  be  described  in  detail  below. 
20  The  insoluble  and  infusible  substrate  of  this  invention  can  be  produced,  for  example,  by  the  following 

method  from  an  aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and  oxygen. 
First,  the  aromatic  condensation  polymer  is  mixed  with  an  inorganic  material  such  as  zinc  chloride, 

sodium  phosphate,  potassium  hydroxide  or  potassium  sulfide.  The  mixing  may  be  effected,  for  example,  by 
dissolving  the  aromatic  condensation  polymer  in  a  solvent  such  as  methanol,  acetone  or  water,  adding  the 

25  inorganic  material  to  the  solution,  and  mixing  them  fully.  When  the  aromatic  condensation  polymer  is  fusible 
as  in  the  case  of  a  novolak  resin,  the  mixing  may  be  carried  out  under  heat.  The  mixing  ratio  of  the 
aromatic  condensation  polymer  to  the  inorganic  material  differs  depending  upon  the  types  of  the  polymer 
and  the  inorganic  material.  Preferably,  the  weight  ratio  of  the  aromatic  condensation  polymer  to  the 
inorganic  material  is  from  100:5  to  100:900.  The  mixture  is  then  molded  into  a  desired  form,  for  example  a 

30  film,  a  plate,  a  fiber,  a  cloth  or  a  composite  of  these,  and  then  cured.  The  method  of  molding  naturally 
differs  depending  upon  the  final  desired  form.  For  example,  a  fiber  may  be  obtained  by  spinning,  and  a 
film,  by  using  an  applicator.  A  plate-like  material  may  be  obtained  by  press-forming  in  a  mold.  The  molded 
article  may  be  cured  by  heating  it  at  a  temperature  of  50  to  180°C  for  2  to  60  minutes,  or  heating  it  at  50  to 
150°C  in  the  presence  of  a  curing  agent  and  a  catalyst  for  2  to  90  minutes.  Subsequently,  the  cured  molded 

35  article  is  heated  in  a  non-oxidizing  atmosphere  at  350  to  800°C,  preferably  420  to  800°C. 
The  heat-treatment  conditions  differ  somewhat  depending  upon  the  type  of  the  aromatic  condensation 

polymer,  the  degree  of  the  curing  treatment  or  the  shape  of  the  polymeric  article.  Generally,  the 
temperature  can  be  raised  from  room  temperature  to  about  300°C  at  a  relatively  high  rate,  for  example  at 
100°C/hour.  When  the  temperature  exceeds  300°C,  the  aromatic  condensation  polymer  begins  to  de- 

40  compose  thermally  to  evolve  gases  such  as  water  vapor  (H20),  hydrogen,  methane  and  carbon  monoxide. 
Therefore,  to  more  than  300°C,  the  temperature  is  advantageously  raised  at  a  sufficiently  slow  rate.  For 
example,  in  the  case  of  a  non-porous  molded  article,  the  hydrogen/carbon  atomic  ratio  of  the  resulting 
insoluble  and  infusible  substrate  can  be  easily  controlled  by  adjusting  the  rate  of  temperature  elevation  to 
80/h2  (°C/hour)  wherein  h  is  the  thickness  (mm)  of  the  molded  article.  Furthermore,  by  so  adjusting  the 

45  temperature  elevation  rate,  it  is  easy  to  stabilize  the  electrical  conductivity,  specific  surface  area  and 
mechanical  properties. 

The  resulting  heat-treated  product  is  fully  washed  with  hot  water  at  50  to  100°C  to  remove  the  inorganic 
material  such  as  zinc  chloride  or  sodium  phosphate  used  in  the  starting  mixture,  and  dried. 

As  a  result,  an  insoluble  and  infusible  substrate  is  formed  which  has  a  hydrogen/carbon  atomic  ratio  of 
50  from  0.05  to  0.6  and  a  specific  surface  area,  measured  by  the  BET  method,  of  at  least  600  m2/g.  This 

substrate  has  a  polyacen-type  skeletal  structure,  and  is  of  a  structure  permitting  incoming  and  outgoing  of 
electrolyte  ions  smoothly  by  an  electrochemical  method  as  will  be  shown  hereinbelow.  In  the  X-ray 
diffraction  (CuK„  radiation)  of  the  substrate,  the  main  peak  is  observed  at  20  =  22°  or  less  in  all  regions 
where  the  hydrogen/carbon  atomic  ratio  is  from  0.05  to  0.6.  This  fact  shows  that  the  planar  polyacen-type 

55  molecules  constituting  the  substrate  of  this  invention  have  a  very  broad  average  interplanar  spacing.  This  is 
presumably  the  reason  why  it  has  a  specific  surface  area,  by  BET  method,  of  as  high  as  at  least  600  m2/g. 

U.  S.  Patent  No.  4  601  849  and  EP-A-67  444  disclose  an  insoluble  and  infusible  substrate  having  a 
polyacen  skeletal  structure,  but  neither  describe  nor  suggest  one  having  a  specific  surface  area  of  at  least 
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600  m2/g. 
Suitable  aromatic  condensation  polymers  consisting  of  carbon,  hydrogen  and  oxygen  are  condensation 

products  formed  between  aromatic  hydrocarbon  compounds  having  a  phenolic  hydroxyl  group  and 
aldehydes. 

5  Phenols  such  as  phenol,  cresol  and  xylenol  are  suitable  as  the  aromatic  compounds,  but  these  are  not 
limitative  examples.  There  can  also  be  used  methylene-bisphenols  of  the  following  formula 

w 

wherein  ni  and  n2  may  be  the  same  or  different, 
is  and  are  integers  of  0  to  2, 

hydroxy-biphenyls  and  hydroxynaphthalenes.  For  practical  purposes,  phenols,  especially  phenol,  are 
preferred. 

Examples  of  the  aldehydes  are  formaldehyde,  acetaldehyde  and  furfural.  Formaldehyde  is  preferred. 
The  phenol-formaldehyde  condensate  may  be  a  novolak,  a  resol  or  a  mixture  of  these. 

20  According  to  this  invention,  a  modified  aromatic  condensation  polymer  obtained  by  using  an  aromatic 
hydrocarbon  free  from  a  phenolic  hydroxyl  group,  such  as  xylene  or  toluene,  in  place  of  a  part  of  the 
aromatic  hydrocarbon  having  a  phenolic  hydroxyl  group,  can  also  be  used  as  the  aromatic  condensation 
polymer  consisting  of  carbon,  hydrogen  and  oxygen.  There  can  also  be  used  an  aromatic  condensation 
polymer  corresponding  to  a  condensate  of  an  aromatic  compound  containing  an  oxygen  atom  as  a  hetero 

25  atom  and  an  aldehyde,  such  as  a  condensate  of  furfuryl  alcohol  corresponding  to  a  condensate  of  furan  and 
formaldehyde. 

Advantageously,  the  aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and  oxygen  is 
heat-treated  after  it  is  molded  into  fibers,  a  film,  a  plate,  or  a  composite  of  these. 

The  aromatic  condensation  polymers  as  such  have  a  hydrogen/carbon  atomic  ratio  of  usually  at  least 
30  0.9  and  scarcely  below  0.8. 

The  insoluble  and  infusible  substrate  of  this  invention  having  a  hydrogen/carbon  atomic  ratio  (to  be 
sometimes  referred  to  as  H/C)  is  especially  suitable  for  production  of  electrically  conductive  organic 
polymeric  materials  when  its  H/C  is  0.15  to  0.60,  preferably  0.25  to  0.5,  and  particularly  for  use  in  organic 
cells  when  its  H/C  is  0.05  to  0.5. 

35  The  electrical  conductivity  of  the  insoluble  and  infusible  substrate  of  this  invention  differs  depending 
upon  the  H/C  atomic  ratio.  For  example,  when  its  H/C  is  0.6,  it  has  an  electrical  conductivity  of  not  more 
than  10-11  ohm-1cm-1.  When  its  H/C  is  0.15,  it  is  a  semiconductor  having  an  electrical  conductivity  of 
about  10-2  ohm-1  cm-1.  When  the  above  substrate  is  doped  with  an  electron  donating  or  accepting  dopant, 
its  electrical  conductivity  increases  greatly  to  provide  an  n-type  or  p-type  semiconductor. 

40  Since  the  insoluble  and  infusible  substrate  of  this  invention  having  a  polyacen-type  skeletal  structure 
has  a  specific  surface  area,  measured  by  the  BET  method,  of  as  high  as  600  m2/g,  it  is  anticipated  that 
gases  such  as  oxygen  will  readily  enter  and  degrade  it.  In  fact,  contrary  to  the  anticipation,  the  substrate  of 
this  invention  remains  substantially  unchanged  in  properties,  etc.  even  when  left  to  stand  in  the  air  for  a 
long  period  of  time.  For  exampe.  when  it  is  left  to  stand  in  the  air  for  1000  hours,  no  change  occurs  in 

45  electrical  conductivity  and  it  still  retains  its  excellent  oxidation  stability. 
The  electrically  conductive  organic  polymeric  material  is  produced  by  doping  the  insoluble  and  infusible 

substrate  of  this  invention  with  an  electron  donating  or  accepting  doping  agent. 
Doping  agents  which  are  generally  known  can  be  used  as  the  electron  donating  or  accepting  doping 

agents. 
50  Substances  which  readily  liberate  electrons  are  used  as  the  electron  donating  dopants.  Preferred 

examples  are  metals  of  Group  IA  of  the  periodic  table  such  as  lithium,  sodium,  potassium,  rubidium  and 
cesium. 

Substances  which  readily  accept  electrons  are  used  as  the  electron  accepting  dopants.  Preferred 
examples  are  halogens  such  as  fluorine,  chlorine,  bromine  and  iodine,  halogen  compounds  such  as  AsF5, 

55  PF5,  BF3,  BCb  and  BBr3,  oxides  of  non-metallic  elements  such  as  SO3  or  N2O5,  and  inorganic  acids  such 
as  H2SO4,  NHO3  and  HCICv 

Substantially  the  same  method  as  the  doping  methods  previously  used  for  polyacetylene  or  poly- 
phenylene  can  be  used  to  dope  the  substrate  of  this  invention  with  such  dopants. 

5 
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When  the  dopant  is  an  alkali  metal,  the  substrate  can  be  doped  by  contacting  it  with  a  molten  alkali 
metal  or  a  vapor  of  the  alkali  metal.  Or  the  insoluble  and  infusible  substrate  can  be  contacted  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  substrate  can 
5  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  substrate  can  be  doped  by  coating  or 
impregnating  it  directly  with  the  inorganic  acid,  or  by  performing  electrolysis  in  an  electrolytic  solution 
containing  the  inorganic  acid  using  the  substrate  as  an  anode. 

Generally,  the  doping  agent  is  used  such  that  it  exists  in  the  resulting  organic  polymeric  material  of  this 
io  invention  in  a  proportion  of  at  least  10-5  mole  per  recurring  unit  of  the  aromatic  condensation  polymer. 

Thus,  the  organic  polymeric  material  of  this  invention  has  a  higher  electrical  conductivity  than  the 
insoluble  and  infusible  substrate  before  the  doping,  preferably  10  times  or  more  as  high  as  the  latter.  By 
suitable  methods,  the  electrical  conductivity  of  the  resulting  organic  polymeric  material  of  this  invention  is 
103  to  10G  times  or  more  as  high  as  that  of  the  non-doped  substrate. 

is  When  the  H/C  atomic  ratio  exceeds  0.60,  the  conjugated  system  of  electrons  is  considered  to  be 
localized  because  the  polyacen-type  skeletal  structure  of  the  polymer  has  not  yet  grown.  At  such  a  ratio, 
the  substrate  does  not  increase  in  electrical  conductivity  even  when  doped  with  the  dopant,  and  it  does  not 
become  an  n-type  or  p-type  semiconductor.  When  the  H/C  atomic  ratio  is  less  than  0.15,  the  polyacen-type 
skeletal  structure  is  grown  fully,  and  the  conjugated  system  of  electrons  is  fully  non-localized,  and  the 

20  substrate  can  be  doped  with  the  doping  agent.  However,  since  the  substrate  itself  before  doping  has  a 
considerably  high  electrical  conductivity,  the  contribution  of  the  doping  to  the  electrical  conductivity  is  little, 
and  the  electrical  conductivity  of  the  doped  substrate  is  not  so  much  higher  than  the  non-doped  substrate. 

Since  the  insoluble  and  infusible  substrate  of  this  invention  having  a  polyacen-type  skeletal  structure 
has  a  specific  surface  area,  measured  by  the  BET  method,  of  as  high  as  at  least  600  m2/g,  the  doping 

25  speed  is  large  and  a  substrate  having  a  large  thickness  can  be  doped  within  a  short  period  of  time. 
Furthermore,  the  substrate  can  be  doped  smoothly  with  a  doping  agent  having  a  large  ionic  radius  such  as 
CIO4-  and  BF4-.  For  example,  let  us  assume  that  the  substrate  is  electrolytically  doped  with  CIO4-  ions  in 
a  propylene  carbonate  solution  of  metallic  U/UCIO4  (1  mole/liter/substrate).  If  the  specific  surface  area  of 
the  substrate  is  not  more  than  500  m2/g,  the  doping  is  difficult  to  perform  while  maintaining  a  potential  of  4 

30  V  between  the  metallic  lithium  and  the  substrate.  With  the  substrate  of  this  invention  having  a  specific 
surface  area  of  at  least  600  m2/g,  however,  the  CIO4-  ion  can  be  fully  introduced  into  the  substrate  at  this 
potential. 

The  electrically  conductive  organic  polymeric  material  doped  with  the  electron  donating  dopant  has  the 
electrical  conductivity  of  an  n-type  (electron  excessive  type)  semidonductor  or  conductor.  The  electrically 

35  conductive  organic  polymeric  material  of  this  invention  doped  with  the  electron  accepting  dopant  has  the 
electrical  conductivity  of  a  p-type  (hole  excessive  type)  semiconductor  or  conductor. 

According  to  this  invention,  the  electron  donating  dopant  and  the  electron  accepting  dopant  may  be 
used  in  combination  as  the  dopant.  When  these  doping  agents  are  present  together  uniformly,  the  doped 
substrate  becomes  p-type  or  n-type  by  one  of  these  doping  agents  which  is  present  in  a  larger  amount.  For 

40  example,  if  the  electron  donating  dopant  is  present  in  a  larger  amount,  the  substrate  becomes  n-type.  If  the 
electron  accepting  dopant  is  present  in  a  larger  amount,  the  substrate  becomes  p-type.  The  electrically 
conductive  organic  polymeric  material  having  a  mixture  of  the  doping  agents  can  be  produced  by 
contacting  the  insoluble  and  infusible  substrate  with  a  mixture  of  the  dopants,  or  by  contacting  it  with  one  of 
the  doping  agents,  and  then  with  the  other. 

45  An  electrically  conductive  organic  polymeric  material  having  a  so-called  p-n  junction  is  also  within  the 
scope  of  this  invention.  Such  a  material  can  be  produced  by  doping  the  insoluble  and  infusible  substrate 
with  the  electron  donating  dopant  from  one  side  and  the  electron  accepting  doping  agent  from  the  other;  or 
by  doping  the  entire  surface  of  the  substrate  with  one  of  the  doping  agents  and  then  doping  only  a  part  of 
the  doped  surface  with  the  other  dopant. 

50  The  electrically  conductive  organic  polymeric  material  obtained  by  this  invention  preferably  has  a  dc 
conductivity  at  room  temperature  of  at  least  10_+  ohm-1  cm-1. 

As  is  clear  from  the  foregoing  description,  the  electrically  conductive  organic  polymeric  material  of  this 
invention  is  given  in  the  form  of  a  molded  article  such  as  a  film,  a  fiber,  a  plate  or  a  composite  of  these. 

The  organic  cell  of  this  invention  comprises  the  insoluble  and  infusible  substrate  of  this  invention  as  at 
55  least  one  electrode  and  a  solution  in  an  aprotic  organic  solvent  of  a  compound  capable  of  forming  ions 

which  can  dope  the  electrode  by  electrolysis. 
Heat-treated  products  of  condensation  products  of  aromatic  hydrocarbon  compounds  having  a  phenolic 

hydroxyl  group  and  aldehydes,  above  all  a  heat-treated  product  of  a  condensation  product  of  phenol  and 
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formaldehyde,  are  suitably  used  as  the  insoluble  and  infusible  substrate. 
The  hydrogen/carbon  atomic  ratio  of  the  insoluble  and  infusible  substrate  having  a  polyacen-type 

skeletal  structure  is  from  0.05  to  0.5,  preferably  from  0.1  to  0.35.  If  the  atomic  ratio  is  less  than  0.05,  the 
coulombic  efficiency  of  a  secondary  cell  built  by  using  the  substrate  in  charging  and  discharging  is  not 

5  satisfactory,  and  the  energy  density  is  reduced.  On  the  other  hand,  if  the  atomic  ratio  is  more  than  0.5,  the 
coulombic  efficiency  during  charging  or  discharging  becomes  poor. 

The  specific  surface  area,  measured  by  the  BET  method,  of  the  insoluble  and  infusible  substrate  is  at 
least  600  m2/g.  If  it  is  less  than  600  m2/g,  it  is  necessary  to  increase  the  charging  voltage  at  the  time  of 
charging  a  secondary  cell  produced  by  using  the  substrate  as  an  electrode.  Consequently,  the  energy 

io  efficiency  is  reduced,  and  the  electrolytic  solution  will  be  degraded. 
The  shape  of  the  insoluble  and  infusible  substrate  of  this  invention  used  as  an  electrode  can  be  freely 

selected  depending  upon  the  performance,  size,  shape,  etc.  of  the  desired  cell.  For  example,  it  is  preferably 
in  the  form  of  a  film,  a  sheet,  a  fiber,  a  nonwoven  fabric,  a  woven  fabric,  a  plate  or  a  porous  plate.  The  free 
selectability  of  the  shape  of  the  insoluble  and  infusible  substrate  as  an  electrode  depending  upon  the 

is  purpose  of  use  is  one  characteristic  of  this  invention.  Electrodes  of  various  shapes  cannot  be  obtained  from 
conventional  known  electrically  conductive  organic  polymeric  materials  such  as  polyacetylene  or  poly-p- 
phenylene. 

Examples  of  the  compound  capable  of  forming  ions  which  can  dope  the  electrode  include  the  halides, 
perchlorates,  hexafluorophosphates,  hexafluoroarsenates  and  tetrafluoroborates  of  alkali  metals  or  tetraalkyl 

20  ammoniums.  Specific  examples  are  Lil,  Nal,  NhUI,  LiCIO+,  LiASFG,  LiBF+,  KPFG,  NaPFG,  (C2H5)4NCIO+,  (n- 
C+H9)+NCIO+,  (n-C+H9)+NAsFG,  (n-C+H9)+NPFG  and  LiHF2. 

Examples  of  the  aprotic  organic  solvent  for  dissolving  the  aforesaid  compounds  include  ethylene 
carbonate,  propylene  carbonate,  gamma-butyrolactone,  dimethyl  formamide,  dimethyl  acetamide,  dimethyl 
sulfoxide,  acetonitrile,  dimethoxyethane,  tetrahydrofuran,  methylene  chloride  and  mixtures  of  these.  The 

25  solvent  is  selected  by  considering  the  solubility  of  the  compound  used  as  an  electrolyte,  the  performance  of 
the  cell,  etc. 

The  concentration  of  the  aforesaid  compound  in  the  electrolytic  solution  is  preferably  at  least  0.1 
mole/liter  in  order  to  reduce  the  internal  resistance  by  the  electrolytic  solution.  Usually,  it  is  more  preferably 
from  0.2  to  1  .5  moles/liter. 

30  The  cell  of  this  invention  comprises  the  insoluble  and  infusible  substrate  having  a  polyacen-type 
skeletal  structure  as  a  positive  electrode  and/or  a  negative  electrode  and  an  electrolytic  solution  composed 
of  a  solution  of  the  dopant  in  the  aprotic  organic  solvent.  Its  activity  utilizes  the  electrochemical  doping  and 
electrochemical  undoping  of  the  substrate  with  dopants.  In  other  words,  the  energy  is  stored  or  released 
outside  by  electrochemical  doping  of  the  substrate  with  the  dopant,  or  released  outside  or  stored  inside  as 

35  an  electrical  energy  by  electrochemical  undoping. 
The  cell  in  accordance  with  this  invention  can  be  divided  roughly  into  two  types.  A  first  type  is  a  cell  in 

which  the  insoluble  and  infusible  substrate  is  used  both  as  a  positive  and  a  negative  electrode.  A  second 
type  is  a  cell  in  which  the  insoluble  and  infusible  substrate  is  used  as  a  positive  electrode  and  an  electrode 
composed  of  an  alkali  metal  or  its  alloy  as  a  negative  electrode. 

40  The  shape  and  size  of  the  electrode  composed  of  the  insoluble  and  infusible  substrate  disposed  within 
the  cell  may  be  properly  selected  depending  upon  the  desired  cell.  But  since  the  cell  reaction  is  an 
electrochemical  reaction  on  the  surface  of  the  electrode,  the  electrode  advantageously  has  as  high  a 
surface  area  as  possible. 

The  insoluble  and  infusible  substrate,  either  doped  or  non-doped,  may  be  used  as  a  current  collector 
45  for  taking  out  an  electric  current  from  the  substrate  out  of  the  cell.  Other  electrically  conductive  materials 

having  corrosion  resistance  to  the  doping  agents  and  the  electrolytic  solution,  such  as  carbon,  platinum, 
nickel  and  stainless  steel,  may  also  be  used  as  the  collector. 

With  reference  to  the  accompanying  drawing,  one  embodiment  of  the  cell  of  this  invention  will  be 
described  below.  In  the  drawing,  the  reference  numeral  1  represents  a  positive  electrode;  2,  a  negative 

50  electrode;  3  and  3',  a  current  collector;  4,  an  electrolytic  solution;  5,  a  separator;  6,  a  casing;  and  7  and  7', 
an  outside  terminal. 

The  first  type  of  the  cell  of  this  invention  in  which  both  the  positive  and  negative  electrodes  are  made  of 
the  insoluble  and  infusible  substrate  will  first  be  described.  The  positive  electrode  1  is  made  of  the  insoluble 
and  infusible  substrate  having  the  shape  of  a  film,  cloth  or  plate,  which  may  be  doped  or  non-doped.  The 

55  negative  electrode  2  is  the  insoluble  and  infusible  substrate  having  the  shape  of  a  film,  cloth  or  plate,  which 
may  be  doped  or  non-doped.  After  the  cell  is  built,  a  voltage  is  applied  to  it  from  an  external  power  supply 
to  dope  the  substrate  with  the  doping  agent.  For  example,  when  both  electrodes  are  made  of  the  non-doped 
insoluble  and  infusible  substrate,  the  electromotive  voltage  of  the  cell  after  building  is  0  V.  By  applying  a 
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voltage  to  it  from  an  external  power  supply  and  doping  both  electrodes  with  the  doping  agent,  the  cell  gains 
an  electromotive  force.  The  current  collectors  3  and  3'  serve  to  take  out  a  current  outside  from  the 
electrodes  or  supply  a  current  for  electrochemical  doping,  namely  for  charging.  They  are  connected 
respectively  to  the  electrodes  and  the  external  terminals  7  and  7'  in  such  a  manner  as  not  to  cause  a 

5  decrease  in  voltage.  The  electrolytic  solution  4  is  a  solution  in  the  aprotic  organic  solvent  of  the  aforesaid 
compound  capable  of  forming  ions  which  can  dope  the  electrodes.  The  electrolytic  solution  is  usually  liquid, 
but  to  prevent  leakage,  it  may  be  used  in  the  form  of  a  gel  or  a  solid.  The  separator  5  is  disposed  to 
prevent  contact  between  the  positive  and  negative  electrodes  and  to  hold  the  electrolytic  solution.  The 
separator  5  is  preferably  made  of  an  open-cellular  porous  material  which  is  electrically  non-conductive  and 

io  has  durability  to  the  electrolytic  solution,  the  dopants,  and  electrode  active  substances  such  as  alkali 
metals.  It  may  be  a  cloth,  non-woven  cloth,  a  porous  material,  etc.  composed  of  glass  fibers,  polyethylene, 
polypropylene,  etc.  To  decrease  the  internal  resistance  of  the  cell,  the  separator  is  preferably  as  thin  as 
possible.  Its  thickness,  however,  is  determined  by  considering  the  amount  of  the  electrolytic  solution  held, 
its  permeability,  strength,  etc.  The  positive  and  negative  electrodes  and  the  separators  are  fixed  in  position 

is  within  the  casing  6  in  a  manner  not  to  give  rise  to  any  problem  in  use.  The  shape,  size,  etc.  of  the  electrode 
may  be  properly  determined  according  to  the  shape  and  performance  of  the  desired  cell.  For  example,  to 
produce  a  thin  cell,  the  electrode  is  preferably  in  the  form  of  a  film  or  cloth.  A  cell  of  a  large  capacity  may 
be  produced  by  alternately  stacking  a  plurality  of  positive  and  negative  electrodes  in  the  form  of  a  film, 
cloth  or  plate. 

20  Now,  the  second-type  cell  in  accordance  with  this  invention  in  which  the  positive  electrode  1  is  made  of 
the  insoluble  and  infusible  substrate  and  the  negative  electrode  2  is  made  of  an  alkali  metal  or  its  alloy  will 
be  described. 

Examples  of  the  alkali  metal  are  cesium,  rubidium,  potassium,  sodium  and  lithium.  Lithium  is  most 
preferred. 

25  In  Figure  1  ,  the  positive  electrode  1  is  made  of  the  insoluble  and  infusible  substrate,  and  the  negative 
electrode  2  is  formed  of  an  alkali  metal  or  its  alloy.  The  second-type  cell  has  either  one  of  the  following  two 
doping  mechanisms,  i.e.  cell  operating  mechanisms.  One  of  them  is  a  mechanism  in  which  the  doping  of 
the  insoluble  and  infusible  substrate  with  the  electron  accepting  dopant  corresponds  to  charging  and  the 
undoping  of  it  corresponds  to  discharging.  For  example,  when  the  non-doped  insoluble  and  infusible 

30  substrate  and  lithium  are  used  and  a  propylene  carbonate  solution  of  LiCIÔ   (1  mole/liter)  is  used  as  the 
electrolytic  solution,  the  cell  after  building  has  an  electromotive  voltage  of  2.5  to  3.0  V.  When  a  voltage  is 
applied  to  it  from  an  external  power  supply  to  dope  the  insoluble  and  infusible  substrate  with  CIO -̂  ions, 
the  electromotive  voltage  of  the  cell  becomes  3.5  and  4.5  V. 

The  other  is  a  mechanism  in  which  the  doping  of  the  insoluble  and  infusible  substrate  with  the  electron 
35  donating  dopant  corresponds  to  discharging  and  its  undoping  corresponds  to  charging.  For  example,  with 

the  aforesaid  cell  construction,  the  electromotive  voltage  of  the  cell  after  building  is  2.5  to  3.0  V.  When  the 
insoluble  and  infusible  substrate  is  doped  with  lithium  ions  by  discharging  a  current  outside,  the  electromo- 
tive  voltage  becomes  1  .0  to  2.5  V.  When  the  lithium  ions  are  removed  by  applying  a  voltage  by  an  external 
power  supply,  the  electromotive  voltage  again  becomes  2.5  to  3.0  V. 

40  The  doping  or  undoping  may  be  carried  out  at  a  constant  current,  or  at  a  constant  voltage  or  at  varying 
currents  and  voltages.  The  amount  of  the  dopant  to  dope  the  insoluble  and  infusible  substrate  is  preferably 
0.5  to  20%  in  terms  of  the  percentage  of  the  number  of  ions  added  per  carbon  atom  of  the  substrate. 

The  cell  including  the  insoluble  and  infusible  substrate  as  an  electrode  is  a  secondary  cell  capable  of 
being  repeatedly  charged  and  discharged.  Its  electromotive  voltage  varies  with  the  structure  of  the  cell. 

45  With  the  first  type,  it  is  1.0  to  3.5  V,  and  with  the  second  type,  it  is  3.5  to  4.5  V  (one  having  the  first 
mechanism)  and  2.5  to  3.0  V  (one  having  the  second  mechanism). 

The  cell  of  this  invention  has  a  high  energy  density  per  unit  weight,  and  if  it  is  doped  to  a  suitable 
extent,  its  energy  density  reaches  100  to  350  WH/kg.  The  power  density  of  the  cell  of  the  invention  is  much 
higher  than  that  of  lead  storage  cells,  although  there  is  a  difference  depending  upon  the  structure  of  the 

50  cell. 
Furthermore,  since  the  insoluble  and  infusible  substrate  of  this  invention  is  a  very  stable  substance,  the 

cell  of  this  invention  can  be  repeatedly  charged  and  discharged  and  does  not  decrease  in  performance  over 
an  extended  period  of  time. 

The  cell  of  this  invention  comprises  an  electrode  active  substance  obtained  by  doping  with  the  electron 
55  donating  or  accepting  substance  the  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal 

structure,  which  has  superior  oxidation  resistance,  heat  resistance  and  moldability  to  conventional  known 
organic  semiconductors,  as  an  electrode,  and  a  solution  in  the  aprotic  organic  solvent  of  the  compound 
capable  of  forming  ions  which  can  dope  the  electrode  by  electrolysis.  It  can  be  reduced  in  size,  thickness 
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and  weight  and  has  a  high  capacity,  a  high  power  and  a  long  service  life. 
The  following  examples  illustrate  the  present  invention  in  greater  detail. 

EXAMPLE  1 
5 

(a)  A  solution  prepared  by  mixing  a  resol-type  phenolic  resin  (as  an  aqueous  solution  with  a  concentra- 
tion  of  about  65%),  water  and  zinc  chloride  in  a  weight  ratio  of  10:2:5  was  poured  onto  a  glass  plate,  and 
then  spread  by  an  applicator.  It  was  then  dried  in  air  for  about  30  minutes,  and  cured  at  about  100°C  for 
20  minutes  while  still  adhering  to  the  glass  plate.  Then,  the  resin  film  was  removed  from  the  glass  plate 

io  to  obtain  a  film  having  a  thickness  of  about  200  micrometers.  The  film  was  put  in  an  electric  furnace 
having  silicon  carbide  heating  elements  and  heat-treated  to  each  of  the  predetermined  temperatures 
shown  in  Table  1  at  a  temperature  elevating  rate  of  about  40°C/hour.  This  film-like  heat-treated  product 
was  washed  with  hot  water  at  100°C  for  about  5  hours  to  remove  zinc  chloride  remaining  in  it.  After 
washing,  the  film  was  dried  under  reduced  pressure  at  60°C  for  3  hours  to  obtain  an  insoluble  and 

is  infusible  film-like  substrate. 
When  the  film-like  substrate  was  analyzed  by  fluorescent  X-ray  analysis,  it  was  found  to  contain  less 

than  0.01%  by  weight  of  Zn  and  less  than  0.5%  by  weight  of  CI  based  on  its  weight,  and  zinc  chloride 
hardly  remained  in  the  substrate.  X-ray  diffraction  analysis  of  the  substrate  showed  the  existence  of  a 
main  peak  at  20  =  20  -  22°,and  a  small  peak  at  20  =  41  -  46°,  and  thus  led  to  the  determination  that  the 

20  substrate  had  a  polyacen-type  skeletal  structure. 
The  elemental  analysis  of  the  substrate  was  carried  out,  and  its  electrical  conductivity  and  BET 

specific  surface  area  were  measured.  The  results  are  summarized  in  Table  1. 
(b)  Lithium  perchlorate  was  dissolved  in  fully  dehydrated  propylene  carbonate  to  form  a  solution  having  a 
concentration  of  about  1.0  mole/liter.  The  resulting  solution  was  used  as  an  electrolytic  solution,  and 

25  lithium  metal  and  the  film-like  substrate  were  used  as  a  negative  electrode  and  a  positive  electrode, 
respectively.  A  voltage  of  about  4  V  was  applied  across  the  electrodes  to  dope  the  film-like  substrate 
with  CICU-  ions.  The  amount  of  doping  is  expressed  as  the  number  of  CICU-  ions  per  carbon  atom  in 
the  substrate.  In  the  present  invention,  the  number  of  CICU-  ions  was  determined  from  the  current  which 
flowed  in  the  circuit  during  the  doping. 

30  The  above  procedure  gave  a  film  composed  of  an  electrically  conductive  polymeric  material  doped  with 
the  CICU-  ions.  After  the  doping,  the  electrically  conductive  polymeric  film  was  taken  out,  washed  with 
acetone,  and  subsequently  dried  under  reduced  pressure  at  60°C  for  about  60  minutes.  Then,  its  electrical 
conductivity  was  measured.  The  results  are  shown  in  Table  1. 

The  BET  specific  surface  area  was  measured  by  a  method  involving  adsorption  of  a  gaseous  mixture  of 
35  nitrogen  and  helium  by  using  a  device  (MONOSORB®,  made  by  Yuasa  Aioniksu  Co.,  Ltd.)  (the  same 

method  was  used  in  subsequent  examples). 

40 
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It  is  seen  from  Table  1  that  the  substrates  having  a  hydrogen/carbon  atomic  ratio  (H/C)  of  0.15  to  0.6 
had  a  specific  surface  area  of  more  than  600  m2/g,  and  increased  greatly  in  electrical  conductivity  when 
doped  with  CICU-  ions. 

5 
COMPARATIVE  EXAMPLE  1 

(a)  A  plain-weave  cloth  (Kynol,  a  trade  name  for  a  product  of  Nippon  Kynol  Co.,.  Ltd.;  a  basis  weight  of 
200  g/m2)  of  phenolic  fibers  was  immersed  in  a  40%  by  weight  methanol  solution  of  a  resol-type 

io  phenolic  resin,  and  squeezed  by  a  mangle  to  adhere  the  resol-type  phenol  resin.  The  cloth  was  then 
dried  at  room  temperature  for  24  hours  to  form  a  prepreg  in  which  the  weight  ratio  of  the  phenolic  fibers 
to  the  resol-type  phenolic  resin  was  1:1.  The  prepreg  was  cured  under  a  pressure  of  150  kg/cm2  for  30 
minutes  by  a  press  forming  machine  heated  at  150°C  to  obtain  a  plate  having  a  thickness  of  250 
micrometers.  The  plate  was  heat-treated  in  a  nitrogen  atmosphere  to  300°C  at  70°C/hour  and  further  to 

is  600°C  at  a  rate  of  10°C/hour.  The  non-doped  heat-treated  plate  had  an  H/C  atomic  ratio  of  0.31.  X-ray 
diffraction  of  the  plate  showed  the  presence  of  a  main  peak  at  20  =  22.5°  and  another  peak  in  the  vicinity 
of  20  =  41  -  46°,  and  led  to  the  determination  that  the  plate  had  a  polyacen-type  skeletal  structure.  The 
heat-treated  plate  was  powderized.  Its  specific  surface  area  was  measured  by  the  BET  method  and 
found  to  be  450  m2/g. 

20  (b)  A  plate  having  a  thickness  of  about  200  micrometers  (dimension  1  x  1  cm;  a  comparative  substrate) 
composed  of  the  heat-treated  product  shown  in  (a)  above  and  the  substrate  of  Run  No.  3  having  an  H/C 
atomic  ratio  of  0.28  shown  in  Example  1  (size  1  x  1  cm;  the  substrate  of  the  invention)  were  doped  with 
CIO4-  ions  by  the  same  method  as  shown  in  Example  1.  When  the  substrate  of  Run  No.  3  of  Example  1 
was  used  as  a  positive  electrode,  a  current  of  about  5  mA  was  observed  at  a  voltage  of  4V  between  the 

25  two  electrodes.  In  about  1  hour,  it  became  0.1  mA,  and  the  CIO4-  ion  doping  was  completed.  The  doped 
sample  was  then  taken  out,  washed  with  acetone,  and  dried  under  reduced  pressure.  The  sample  was 
subjected  to  EPMA  (electron  probe  X-ray  microanalysis),  and  the  distribution  of  the  CIO4-  ions  in  the  cut 
section  of  the  sample  was  examined.  It  was  determined  that  the  perchlorate  ions  were  distributed 
uniformly  from  its  surface  to  interior. 

30  Then,  the  heat-treated  product  (comparative  substrate)  having  a  specific  surface  area  of  450  m2/g 
produced  by  the  method  shown  in  (a)  of  Comparative  Example  1  was  used  as  a  positive  electrode  and  an 
attempt  was  made  to  dope  it  with  perchlorate  ions  at  a  voltage  of  4V  between  the  two  electrodes.  Hardly 
any  current  flowed  in  the  circuit.  The  doping  was  continued  in  this  state  for  about  3  hours,  but  hardly  any 
current  was  observed  in  the  circuit.  The  sample  was  taken  out,  washed  with  acetone,  dried  under  reduced 

35  pressure  and  subjected  to  EPMA  analysis.  The  perchlorate  ions  were  observed  only  on  the  very  surface  of 
the  sample. 

EXAMPLE  2 

40  The  sample  of  Run  No.  2  of  Example  1  having  an  H/C  atomic  ratio  of  0.43  and  a  BET  specific  surface 
area  of  830  m2/g  (thickness  about  200  microns,  the  substrate  of  the  invention)  and  the  sample  shown  in 
Comparative  Example  1  having  an  H/C  atomic  ratio  of  0.31  and  a  BET  specific  surface  area  of  450  m2/g 
(thickness  about  200  micrometers,  comparative  substrate)  were  each  doped  with  iodine. 

The  substrate  of  the  invention  was  put  in  a  vacuum  line,  and  after  adjusting  the  degree  of  vacuum  to 
45  less  than  0,0133  mbar  (10-2  torr),  iodine  gas  as  introduced  into  the  line  at  room  temperature  to  start  doping. 

The  electrical  conductivity  of  the  substrate  of  the  invention  before  doping  was  about  10-10  ohm_1cm_1,  and 
became  2  x  10_+  ohm_1cm_1  in  2  minutes  after  the  start  of  doping,  1  x  10-3  ohm_1cm_1  after  the  lapse  of 
5  minutes  and  about  2  x  10-3  ohm-1  cm-1  after  the  lapse  of  10  minutes.  The  sample  as  taken  out,  washed 
with  acetone,  dried  under  reduced  pressure  at  room  temperature  and  subjected  to  EPMA  analysis.  It  was 

50  found  that  the  sample  as  nearly  uniformly  doped  with  iodine  to  its  interior. 
The  comparative  substrate  was  then  put  into  a  vacuum  line,  and  after  adjusting  the  degree  of  vacuum  to 

less  than  0,0133  mbar  (10-2  torr),  an  attempt  was  made  to  dope  the  substrate  with  iodine  at  about  200°C.  In 
about  30  minutes,  its  electrical  conductivity  increased  to  105  times.  The  sample  as  taken  out,  washed  with 
acetone,  dried  under  reduced  pressure  at  room  temperature  and  subjected  to  EPMA  analysis.  It  was  found 

55  that  iodine  penetrated  to  a  depth  of  about  40  microns  from  the  surface  of  the  sample. 
It  was  thus  confirmed  that  the  substrate  of  this  invention  having  a  thickness  of  as  large  as  200  microns 

could  be  doped  at  a  very  high  speed. 
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EXAMPLE  3 

The  film-like  substrate  of  Run  No.  3  of  Example  1  having  an  H/C  atomic  ratio  of  0.28  and  a  BET  specific 
surface  area  of  870  m2/g  was  immersed  in  a  tetrahydrofuran  solution  of  sodium  naphthalate  prepared  by 

5  using  dehydrated  tetrahydrofuran,  naphthalene  and  metallic  sodium  in  a  dry  box  (N2  atmosphere)  to  attempt 
to  dope  it  with  sodium.  After  immersion  for  about  30  minutes,  the  substrate  was  washed  with  dehydrated 
tetrahydrofuran,  and  dried  under  reduced  pressure  at  room  temperature.  The  electrical  conductivity  of  the 
sample  was  measured  and  found  to  be  about  10°  ohm-1  cm-1  which  increased  greatly  from  that  (about 
10-5  ohm_1cm_1)  of  the  non-doped  sample.  EPMA  analysis  showed  that  the  sample  was  doped  with 

io  sodium  to  its  interior. 

EXAMPLE  4 

(a)  A  solution  prepared  by  mixing  a  resol-type  phenolic  resin  (as  an  aqueous  solution  with  a  concentra- 
15  tion  of  about  65%),  water  and  zinc  chloride  in  a  weight  ratio  of  10:2:5  was  poured  onto  a  glass  plate,  and 

then  spread  by  using  an  applicator.  It  was  then  dried  in  air  for  about  30  minutes,  and  cured  at  about 
100°C  for  20  minutes  while  still  adhering  to  the  glass  plate.  Then,  the  resin  film  was  removed  from  the 
glass  plate  to  obtain  a  film  having  a  thickness  of  about  200  micrometers.  The  resin  film  was  put  in  an 
electric  furnace  having  silicon  carbide  heating  elements  and  heat-treated  to  each  of  the  predetermined 

20  temperatures  shown  in  Table  1  at  a  temperature  elevating  rate  of  about  40°C/hour.  This  film-like  heat- 
treated  product  was  washed  with  hot  water  at  100°C  for  about  5  hours  to  remove  zinc  chloride  remaining 
in  it.  After  washing,  the  film  was  dried  under  reduced  pressure  at  60°C  for  3  hours  to  obtain  an  insoluble 
and  infusible  film-like  substrate. 

Fluorescent  X-ray  analysis  showed  that  the  film-like  substrate  contained  less  than  0.01  %  by  weight 
25  of  Zn  and  less  than  0.5%  by  weight  of  CI  based  on  its  weight,  and  zinc  chloride  hardly  remained  in  the 

substrate.  X-ray  diffraction  analysis  of  the  substrate  indicated  the  existence  of  a  main  peak  at  20  =  20  - 
22°,  and  a  small  peak  at  20  =  41  -  46°,  and  thus  led  to  the  determination  that  the  substrate  had  a 
polyacen-type  skeletal  structure. 

The  elemental  analysis  of  the  substrate  was  carried  out,  and  its  electrical  conductivity  and  BET 
30  specific  surface  area  were  measured.  The  results  are  summarized  in  Table  2. 

(b)  LiCICU  was  dissolved  in  fully  dehydrated  propylene  carbonate  to  prepare  a  solution  with  a  concentra- 
tion  of  about  1  .0  mole/liter.  A  cell  of  the  type  shown  in  Figure  1  was  built  by  using  lithium  metal  as  a 
negative  electrode,  the  solution  prepared  as  an  electrolytic  solution,  and  the  film-like  substrate  as  a 
positive  electrode.  A  platinum  mesh  was  used  as  a  current  collector  and  a  felt  made  of  glass  fibers,  as  a 

35  separator. 
In  Figure  1,  the  reference  numeral  represents  a  positive  electrode;  2,  a  negative  electrode;  3  and  3',  a 

current  collector;  4,  an  electrolytic  solution;  5,  a  separator;  6,  a  casing;  and  7  and  7',  an  outside  terminal. 
This  cell  operates  on  the  second  type  mechanism  described  hereinabove.  In  other  words,  doping  of  the 

substrate  with  perchlorate  ions  as  an  electron  accepting  dopant  corresponded  to  charging,  and  its  undoping, 
40  to  discharging.  The  amount  of  doping  was  expressed  as  the  number  of  ions  doped  per  carbon  atom  in  the 

substrate.  In  the  present  invention,  the  number  of  ions  introduced  was  determined  from  the  current  which 
flowed  in  the  circuit  during  doping. 

The  voltage  of  the  cell  immediately  after  building  is  shown  in  Table  2. 
Then,  a  voltage  was  applied  to  the  cell  from  an  external  power  supply,  and  the  insoluble  and  infusible 

45  substrate  was  doped  with  perchlorate  ions  for  3.5  hours  at  a  fixed  current  so  that  the  amount  of  doping  per 
hour  became  1%.  The  open  circuit  voltage  after  the  doping  is  shown  in  Table  2. 

Then,  undoping  was  carried  out  by  passing  a  fixed  current  through  the  circuit  so  that  the  amount  of 
undoping  per  hour  became  1%.  The  undoping  was  continued  until  the  open  circuit  voltage  became  equal  to 
the  voltage  immediately  after  building  the  cell.  The  percentage  of  the  amount  of  undoping  based  on  the 

50  amount  of  doping  in  the  above  test  is  also  shown  in  Table  2  as  the  coulombic  efficiency. 

55 
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It  is  seen  from  Table  2  that  in  the  case  of  the  substrate  (No.  1)  having  a  hydrogen/carbon  atomic  ratio 
of  more  than  0.5,  the  percentage  of  the  amount  of  undoping  based  on  the  amount  of  doping  was  small,  and 
the  coulombic  efficiency  was  low. 

5 
COMPARATIVE  EXAMPLE  2 

By  the  same  method  as  shown  in  Example  4,  (b),  a  charging  and  discharging  test  was  conducted  using 
the  plate-like  substrate  having  a  thickness  of  about  200  micrometers  composed  of  the  heat-treated  product 

io  of  Comparative  Example  1,  (a)  (comparative  substrate)  and  the  substrate  of  Run  No.  3  having  a 
hydrogen/carbon  atomic  ratio  of  0.28  shown  in  Example  4  (the  substrate  of  the  invention). 

A  cell  built  by  using  the  substrate  of  Run  No.  3  of  Example  4  (the  substrate  of  the  invention)  as  a 
positive  electrode  showed  a  voltage  of  2.8  V  immediately  after  building.  A  voltage  was  applied  to  the  cell 
from  an  external  power  supply  so  that  the  amount  of  doping  per  hour  became  1%.  Thus,  the  substrate  was 

is  doped  with  perchlorate  ions  for  about  6  hours.  At  this  time,  the  open  circuit  voltage  was  3.9  V.  Then,  the 
perchlorate  ions  were  undoped  so  that  the  amount  of  undoping  per  hour  became  1%.  In  about  5  hours,  the 
open  circuit  voltage  became  2.8  V,  and  therefore,  the  discharging  stopped.  The  energy  density  of  this  cell 
was  about  250  WH/kg.  In  determining  the  energy  density,  the  sum  of  the  weight  of  the  doped  insoluble  and 
infusible  substrate  and  the  weight  of  the  consumed  lithium  metal  was  used  as  a  basis. 

20  A  cell  was  built  by  using  the  heat-treated  substrate  of  Comparative  Example  1,  (a)  having  a  specific 
surface  area  of  450  m2/g  (comparative  substrate)  as  a  positive  electrode.  Immediately  after  building,  this  cell 
showed  a  voltage  of  2.8  V.  The  cell  was  charged  in  the  same  way  as  above  for  about  6  hours  at  a  fixed 
current  so  that  the  amount  of  doping  per  hour  became  1%.  Then,  the  cell  was  subjected  to  a  discharging 
test  by  undoping.  When  the  discharging  current  was  such  that  the  amount  of  undoping  per  hour  was  1%, 

25  the  voltage  drastically  dropped.  Therefore,  the  test  was  conducted  so  that  the  amount  of  undoping  became 
0.2%  per  hour.  But  the  voltage  still  dropped  drastically,  and  the  coulombic  efficiency  could  not  be 
determined. 

EXAMPLE  5 
30 

(a)  A  cured  resin  film  prepared  in  the  same  way  as  in  Example  4  from  a  solution  obtained  by  mixing  a 
resol-type  phenolic  resin  (as  an  about  65%  aqueous  solution),  water  and  zinc  chloride  in  a  weight  ratio  of 
10:2:7.  The  film  was  heat-treated  to  670°C  in  a  nitrogen  stream  to  obtain  an  insoluble  and  infusible 
substrate.  The  resulting  substrate  had  a  hydrogen/carbon  atomic  ratio  of  0.12  and  a  BET  specific  surface 

35  area  of  1  ,050  m2/g. 
(b)  A  cell  was  constructed  by  using  the  film-like  insoluble  and  infusible  substrate  (about  30  mg)  as  a 
positive  electrode,  lithium  metal  as  a  negative  electrode  and  a  solution  of  1.0  mole/liter  propylene 
carbonate  solution  of  LiCIÔ   as  an  electrolytic  solution.  A  voltage  of  about  4.5  V  was  applied  to  the  cell 
from  an  external  power  supply  to  dope  the  substrate  with  perchlorate  ions  and  charge  the  cell. 

40  Immediately  after  the  application  of  voltage,  a  current  of  about  50  mA  was  observed.  As  the  time 
elapsed,  the  current  decreased,  and  reached  about  2  mA  in  about  20  minutes.  Charging  was  stopped  at 
this  point.  A  motor  (about  0.03W)  was  connected  to  the  cell  to  perform  discharging.  The  motor  began  to 
rotate  at  a  high  speed  and  stopped  in  about  10  hours.  Immediately  after  the  start  of  discharging,  a 
current  of  more  than  20  mA  flowed,  and  in  several  seconds,  the  current  reached  about  12  mA.  It 

45  continued  to  flow  at  this  current  value  for  about  10  minutes. 
After  the  stopping  of  the  motor,  the  cell  was  again  charged  for  20  minutes  by  applying  a  voltage  of  4.5 

V  from  an  external  power  supply.  Then,  the  motor  was  connected  and  the  discharging  was  again  carried 
out.  The  variations  in  the  current  value  during  charging  and  discharging,  the  state  of  rotation  of  the  motor 
and  the  motor  rotating  time  were  nearly  the  same  as  those  given  above.  This  charging-discharging  test  was 

50  repeated  10  times,  but  scarcely  any  variation  occurred  in  the  charging  and  discharging  characteristics,  and 
the  motor  rotated  similarly. 

EXAMPLE  6 

55  (n-C+Hg^NCIO  ̂ was  dissolved  in  tetrahydrofuran  to  prepare  a  solution  having  a  concentration  of  about 
0.3  mole/liter.  A  cell  was  constructed  by  using  the  resulting  solution  as  an  electrolytic  solution,  and  a 
positive  and  a  negative  electrode  both  composed  of  the  substrate  of  Run  No.  4  of  Example  4  having  a 
hydrogen/carbon  atomic  ratio  of  0.22,  and  subjected  to  a  charging-discharging  test. 

14 
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Immediately  after  building,  the  cell  showed  an  open  circuit  voltage  of  0  V.  Then,  the  cell  was  charged 
by  applying  a  voltage  from  an  external  power  supply  to  dope  the  positive  electrode  with  CICU-  ions  and  the 
negative  electrode  with  (n-C+Hg^N  ions.  The  charging  was  carried  out  for  about  2  hours  at  such  a 
charging  speed  that  the  amount  of  doping  per  hour  became  1%.  At  this  time,  the  open  circuit  voltage  was 

5  about  1.8  V.  Then,  at  nearly  the  same  speed  as  the  charging  speed,  the  undoping  of  CICU-  ions  and  (n- 
C+Hg^N  ions  was  carried  out  to  perform  discharging.  In  about  1.5  hours,  the  open  circuit  voltage  became 
0  V. 

EXAMPLE  7 
10 

Lil  was  dissolved  in  fully  dehydrated  propylene  carbonate  to  prepare  a  solution  having  a  concentration 
of  about  0.1  mole/liter.  A  cell  was  constructed  by  using  the  resulting  solution  as  an  electrolytic  solution  and 
a  positive  and  a  negative  electrode  composed  of  the  insoluble  and  infusible  substrate  of  Run  No.  3  of 
Example  4  having  a  hydrogen/carbon  atomic  ratio  of  0.28. 

is  Immediately  after  construction,  the  cell  had  an  open  circuit  voltage  of  0  V.  The  cell  was  then  charged 
by  applying  a  voltage  from  an  external  power  supply  to  dope  the  positive  electrode  with  iodine  ions  and  the 
negative  electrode  with  lithium  ions.  The  charging  was  carried  out  for  about  1  .5  hours  at  such  a  charging 
speed  that  the  amount  of  doping  per  hour  became  0.5%.  At  this  time,  the  cell  had  an  open  circuit  voltage  of 
1.1  V.  Then,  the  iodine  ions  and  lithium  ions  were  undoped  to  perform  discharging.  The  discharging  was 

20  carried  out  at  a  speed  about  one-half  of  the  charging  speed.  In  about  2  hours,  the  open  circuit  voltage 
became  0  V. 

EXAMPLE  8 

25  A  cell  was  constructed  by  using  the  substrate  of  Run  No.  5  of  Example  4  having  a  hydrogen/carbon 
atomic  ratio  of  0.15  and  lithium  metal  as  electrodes  and  a  1.0  mole/liter  propylene  carbonate  solution  of 
LiCICU  as  an  electrolytic  solution.  Immediately  after  construction,  the  cell  showed  an  open  circuit  voltage  of 
3.0  V.  Then,  a  fixed  current  was  passed  through  the  circuit  at  such  a  discharging  speed  that  the  amount  of 
doping  per  hour  became  0.5%,  thereby  to  dope  the  insoluble  and  infusible  substrate  with  lithium  ions.  In 

30  about  6  hours,  the  open  circuit  voltage  became  1.9  V.  Then,  by  applying  a  voltage  from  an  external  power 
supply,  the  lithium  ions  was  undoped  from  the  insoluble  and  infusible  substrate  at  such  a  charging  speed 
that  the  amount  of  undoping  became  about  1%.  In  about  2.5  hours,  the  open  circuit  voltage  became  2.8  V. 

EXAMPLE  9 
35 

(a)  A  solution  prepared  by  mixing  a  resol-type  phenolic  resin  (as  an  about  65%  aqueous  solution),  water 
and  zinc  chloride  in  a  weight  ratio  of  10:5:25  was  poured  onto  a  glass  plate,  and  spread  by  an  applicator. 
It  was  then  cured  at  100°C  for  30  minutes  to  obtain  a  film  having  a  thickness  of  about  200  micrometers. 
The  film  was  heat-treated  in  an  electrical  furnace  having  silicon  carbide  heating  elements  in  an 

40  atmosphere  of  nitrogen  by  elevating  the  temperature  to  550°C  at  a  rate  of  about  20°C/hour.  The  film-like 
heat-treated  product  was  washed  with  hot  water  at  100°C,  and  dried  under  reduced  pressure.  The  film- 
like  substrate  had  a  hydrogen/carbon  atomic  ratio,  determined  from  its  elemental  analysis  values,  of  0.23 
and  a  BET  specific  surface  area  of  1,500  m2/g. 
(b)  A  cell  was  constructed  by  using  a  positive  and  a  negative  electrode  composed  of  the  resulting  film- 

45  like  substrate  and  a  1.0  mole/liter  propylene  carbonate  solution  of  (C2H5)+NCI04  as  an  electrolytic 
solution.  Immediately  after  construction,  the  cell  had  a  voltage  of  0  V.  When  a  voltage  was  applied  to  the 
cell  from  an  external  power  supply  to  dope  the  positive  electrode  with  CICU-  ions  and  the  negative 
electrode  with  (C2H5)+N  ions,  the  cell  showed  an  electromotive  voltage  of  3.1  V  in  in  3  hours.  The 
doping  speed  was  adjusted  to  1%  per  hour.  Then,  at  the  same  speed,  these  ions  were  undoped  to 

50  perform  discharging.  In  about  2.5  hours,  the  open  circuit  voltage  returned  to  0  V. 

Claims 

1.  An  insoluble  and  infusible  substrate  with  a  polyacen-type  skeletal  structure  having  a  hydrogen/carbon 
55  atomic  ratio  of  from  0.05  to  0.60  and  a  specific  surface  area,  measured  by  the  BET  method,  of  at  least 

600  m2/g,  said  substrate  being  a  heat-treated  product  of  an  aromatic  condensation  polymer  consisting 
of  carbon,  hydrogen  and  oxygen. 

15 
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2.  The  substrate  of  claim  1  wherein  the  aromatic  condensation  polymer  is  a  condensation  product  of  an 
aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group  and  an  aldehyde. 

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

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

io  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 
with  a  polyacen-type  skeletal  structure  having  a  hydrogen/carbon  atomic  ratio  of  from  0.15  to  0.60  and 

is  a  specific  surface  area,  measured  by  the  BET  method,  of  at  least  600  m2/g,  said  substrate  being  a 
heat-treated  product  of  an  aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and  oxygen, 
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). 

20  7.  The  material  of  claim  6  wherein  the  aromatic  condensation  polymer  is  a  condensation  product  of  an 
aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group  and  an  aldehyde. 

8.  The  material  of  claim  6  wherein  the  aromatic  condensation  polymer  is  a  condensation  product  of 
phenol  and  formaldehyde. 

25 
9.  The  material  of  claim  1  wherein  the  polyacen-type  skeletal  structure  has  a  hydrogen/carbon  atomic 

ratio  of  from  0.50  to  0.25. 

10.  The  material  of  claim  6  which  has  a  direct-current  electric  conductivity  at  room  temperature  of  at  least 
30  10_+  ohm-1cm-1. 

11.  The  material  of  claim  6  wherein  the  electron  donating  doping  agent  is  a  metal  of  Group  IA  of  the 
periodic  table  such  as  lithium,  sodium,  potassium,  rubidium  and  cesium. 

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

13.  The  material  of  claim  6  wherein  the  electron  accepting  doping  agent  is  a  halogen  compound  such  as 
AsF5,  PF5,  BF3,  BCI3  and  BBr3. 

40 
14.  The  material  of  claim  6  wherein  the  electron  accepting  doping  agent  is  an  oxide  of  a  non-metal  element 

such  as  SO3  and  N2O5  or  an  anion  derived  from  an  inorganic  acid  such  as  H2SO4,  HNO3  and  HCICv 

15.  The  material  of  claim  6  which  is  in  the  form  of  a  molded  article. 
45 

16.  The  material  of  claim  6  which  is  in  the  form  of  a  film,  a  plate,  a  fiber  or  a  composite  thereof. 

17.  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 

50  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,  said  substrate  being  a 
heat-treated  product  of  an  aromatic  condensation  polymer  consisting  of  carbon,  hydrogen  and  oxygen, 
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. 

55 
18.  The  organic  cell  of  claim  17  wherein  the  aromatic  condensation  polymer  is  a  condensation  product  of 

an  aromatic  hydrocarbon  compound  having  a  phenolic  hydroxyl  group  and  an  aldehyde. 

16 
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19.  The  organic  cell  of  claim  17  wherein  the  aromatic  condensation  polymer  is  a  condensation  product  of 
phenol  and  formaldehyde. 

20.  The  organic  cell  of  claim  17  wherein  the  hydrogen/carbon  atomic  ratio  is  from  0.1  to  0.35. 
5 

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

22.  The  organic  cell  of  claim  21  wherein  the  negative  electrode  is  composed  of  the  alkali  metal  and  the 
io  alkali  metal  is  lithium. 

23.  The  organic  cell  of  claim  17  wherein  said  compound  capable  of  forming  dopable  ions  is  Lil,  Nal,  NhUI, 
LJCIO+,  UAsFg,  LiBF+,  KPFG,  NaPFG,  (C2H5)+NCIO+,  (n-C+H9)+NCIO+,  (n-C+H9)+NAsFG,  (n-C+H9)+PFG  or 
LiHF2. 

15 
24.  The  organic  cell  of  claim  17  wherein  the  aprotic  organic  solvent  is  ethylene  carbonate,  propylene 

carbonate,  gamma-butyrolactone,  dimethylformamide,  dimethylacetamide,  dimethyl  sulfoxide,  acetoni- 
trile,  dimethoxyethane,  tetrahydrofuran  or  methylene  chloride. 

20  25.  The  organic  cell  of  claim  17  wherein  the  insoluble  and  infusible  substrate  is  in  the  form  of  a  film,  a 
plate,  a  porous  plate,  a  fiber,  a  woven  fabric,  a  non-woven  fabric,  or  a  composite  thereof. 

Revendicatlons 

25  1.  Support  insoluble  et  infusible  comportant  une  structure  de  squelette  de  type  polyacene  ayant  un 
rapport  atomique  hydrogene/carbone  valant  de  0,05  a  0,60  et  une  aire  specifique,  mesuree  par  la 
methode  BET,  d'au  moins  600  m2/g,  ledit  support  etant  le  produit  d'un  traitement  thermique  d'un 
polymere  de  condensation  aromatique  constitue  de  carbone,  d'hydrogene  et  d'oxygene. 

30  2.  Support  selon  la  revendication  1,  dans  lequel  le  polymere  de  condensation  aromatique  est  un  produit 
de  condensation  d'un  compose  hydrocarbone  aromatique  comportant  un  groupe  hydroxyle  phenolique 
et  d'un  aldehyde. 

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

4.  Support  selon  la  revendication  1  ,  dans  lequel  la  structure  de  squelette  de  type  polyacene  a  un  rapport 
atomique  hydrogene/carbone  valant  de  0,05  a  0,5. 

40  5.  Support  selon  la  revendication  1  ,  dans  lequel  la  structure  de  squelette  de  type  polyacene  a  un  rapport 
atomique  hydrogene/carbone  valant  de  0,15  a  0,60. 

6.  Materiau  polymere  organique  electroconducteur  comprenant  (a)  un  support  insoluble  et  infusible 
comportant  une  structure  de  squelette  de  type  polyacene  ayant  un  rapport  atomique 

45  hydrogene/carbone  valant  de  0,15  a  0,60  et  une  aire  specifique,  mesuree  par  la  methode  BET,  d'au 
moins  600  m2/g,  ledit  support  etant  le  produit  d'un  traitement  thermique  d'un  polymere  de  condensa- 
tion  aromatique  constitue  de  carbone,  d'hydrogene  et  d'oxygene,  et  (b)  un  agent  dopant  donneur 
d'electrons  ou  un  agent  dopant  accepteur  d'electrons,  ou  les  deux;  ledit  materiau  ayant  une  conductivi- 
ty  electrique  plus  elevee  que  le  support  non  dope  (a). 

50 
7.  Materiau  selon  la  revendication  6,  dans  lequel  le  polymere  de  condensation  aromatique  est  un  produit 

de  condensation  d'un  compose  hydrocarbone  aromatique  comportant  un  groupe  hydroxyle  phenolique 
et  d'un  aldehyde. 

55  8.  Materiau  selon  la  revendication  6,  dans  lequel  le  polymere  de  condensation  aromatique  est  un  produit 
de  condensation  de  phenol  et  de  formaldehyde. 

9.  Materiau  selon  la  revendication  1  ,  dans  lequel  la  structure  de  squelette  de  type  polyacene  a  un  rapport 

17 
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atomique  hydrogene/carbone  valant  de  0,50  a  0,25. 

10.  Materiau  selon  la  revendication  6,  ayant  une  conductivity  electrique  en  courant  continu,  a  la  temperatu- 
re  ambiante,  d'au  moins  10_+  ohm-1cm-1. 

5 
11.  Materiau  selon  la  revendication  6,  dans  lequel  I'agent  dopant  donneur  d'electrons  est  un  metal  du 

groupe  IA  du  tableau  periodique,  tel  que  le  lithium,  le  sodium,  le  potassium,  le  rubidium  et  le  cesium. 

12.  Materiau  selon  la  revendication  6,  dans  lequel  I'agent  dopant  accepteur  d'electrons  est  un  halogene 
io  choisi  parmi  le  fluor,  le  chlore,  le  brome  et  I'iode. 

13.  Materiau  selon  la  revendication  6,  dans  lequel  I'agent  dopant  accepteur  d'electrons  est  un  compose 
halogene  tel  que  AsF5,  PF5,  BF3,  BCI3  et  BBr3. 

75  14.  Materiau  selon  la  revendication  6,  dans  lequel  I'agent  dopant  accepteur  d'electrons  est  un  oxyde  d'un 
element  non  metallique  tel  que  S03  et  N2O5,  ou  un  anion  provenant  d'un  acide  mineral  tel  que  H2SO4, 
HN03  et  HCICv 

15.  Materiau  selon  la  revendication  6,  qui  est  sous  la  forme  d'un  article  moule. 
20 

16.  Materiau  selon  la  revendication  6,  qui  est  sous  la  forme  d'un  film,  d'une  plaque,  d'une  fibre  ou  d'un 
composite  de  ceux-ci. 

17.  Cellule  organique  comprenant  une  electrode  positive,  une  electrode  negative  et  une  solution  electrolyti- 
25  que,  I'une  desdites  electrodes  positive  et  negative  ou  les  deux  etant  composee(s)  d'un  support 

insoluble  et  infusible  comportant  une  structure  de  squelette  de  type  polyacene  ayant  un  rapport 
atomique  hydrogene/carbone  valant  de  0,05  a  0,50  et  une  aire  specifique,  mesuree  par  la  methode 
BET,  d'au  moins  600  m2/g,  ledit  support  etant  le  produit  d'un  traitement  thermique  d'un  polymere  de 
condensation  aromatique  constitue  de  carbone,  d'hydrogene  et  d'oxygene,  et  ladite  solution  electrolyti- 

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

18.  Cellule  organique  selon  la  revendication  17,  dans  laquelle  le  polymere  de  condensation  aromatique  est 
un  produit  de  condensation  d'un  compose  hydrocarbone  aromatique  comportant  un  groupe  hydroxyle 

35  phenolique  et  d'un  aldehyde. 

19.  Cellule  organique  selon  la  revendication  17,  dans  laquelle  le  polymere  de  condensation  aromatique  est 
un  produit  de  condensation  de  phenol  et  de  formaldehyde. 

40  20.  Cellule  organique  selon  la  revendication  17,  dans  laquelle  le  rapport  atomique  hydrogene/carbone  vaut 
de  0,1  a  0,35. 

21.  Cellule  organique  selon  la  revendication  17,  dans  laquelle  ladite  electrode  positive  est  composee  dudit 
support  insoluble  et  infusible,  et  ladite  electrode  negative  est  composee  d'un  metal  alcalin  ou  d'un 

45  metal  alcalino-terreux. 

22.  Cellule  organique  selon  la  revendication  21  ,  dans  laquelle  I'electrode  negative  est  composee  d'un  metal 
alcalin,  et  ce  metal  alcalin  est  le  lithium. 

50  23.  Cellule  organique  selon  la  revendication  17,  dans  laquelle  ledit  compose  capable  de  former  des  ions 
dopants  est  Lil,  Nal,  Nhkl,  LJCIO+,  LiAsFG,  LiBF+,  KPFG,  NaPFG,  (C2H5)+NCIO+,  (n-C+H9)+NCIO+,  (n- 
C+H9)+NAsFG,  (n-C+H9)+PFG  ou  LiHF2. 

24.  Cellule  organique  selon  la  revendication  17,  dans  laquelle  le  solvant  organique  aprotique  est  le 
55  carbonate  d'ethylene,  le  carbonate  de  propylene,  la  7-butyrolactone,  le  dimethylformamide,  le  dimethy- 

lacetamide,  le  dimethylsulfoxyde,  I'acetonitrile,  le  dimethoxyethane,  le  tetrahydrofuranne  ou  le  chlorure 
de  methylene. 

18 
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25.  Cellule  organique  selon  la  revendication  17,  dans  laquelle  le  support  insoluble  et  infusible  est  sous  la 
forme  d'un  film,  d'une  plaque,  d'une  plaque  poreuse,  d'une  fibre,  d'une  etoffe  tissee,  d'une  etoffe  non 
tissee  ou  d'un  composite  de  ceux-ci. 

5  Patentanspruche 

1.  Unlosliches  und  unschmelzbares  Substrat  mit  einer  Skelettstruktur  aus  Polyacen  mit  einem  atomaren 
Verhaltnis  von  Wasserstoff/Kohlenstoff  von  0,05  bis  0,60  und  einer  spezifichen  Oberflache,  gemessen 
gemass  dem  BET-Verfahren,  von  mindestens  600  m2/g,  wobei  das  Substrat  ein  hitzebehandeltes 

io  Produkt  eines  aromatischen  Kondensationspolymers,  bestehend  aus  Kohlenstoff,  Wasserstoff  und 
Sauerstoff,  ist. 

2.  Substrat  nach  Anspruch  1,  wobei  das  aromatische  Kondensationspolymer  ein  Kondensationsprodukt 
aus  einer  aromatischen  Kohlenwasserstoffverbindung  mit  einer  phenolischen  Hydroxylgruppe  und 

is  einem  Aldehyd  ist. 

3.  Substrat  nach  Anspruch  1,  wobei  das  aromatische  Kondensationspolymer  ein  Kondensationsprodukt 
aus  Phenol  und  Formaldehyd  ist. 

20  4.  Substrat  nach  Anspruch  1,  wobei  die  Skelettstruktur  aus  dem  Polyacen  ein  atomares  Verhaltnis  von 
Wasserstoff/Kohlenstoff  von  0,05  bis  0,5  besitzt. 

5.  Substrat  nach  Anspruch  1,  wobei  die  Skelettstruktur  aus  dem  Polyacen  ein  atomares  Verhaltnis  von 
Wasserstoff/Kohlenstoff  von  0,15  bis  0,60  besitzt. 

25 
6.  Elektrisch  leitfahiges,  organisches  Polymermaterial,  umfassend  (a)  ein  unlosliches  und  unschmelzbares 

Substrat  mit  einer  Skelettstruktur  aus  einem  Polyacen  mit  einem  atomaren  Verhaltnis  von 
Wasserstoff/Kohlenstoff  von  0,15  bis  0,60  und  einer  spezifischen  Oberflache,  gemessen  gemass  dem 
BET-Verfahren,  von  mindestens  600  m2/g,  wobei  das  Substrat  ein  hitzebehandeltes  Produkt  aus  einem 

30  aromatischen  Kondensationspolymer,  bestehend  aus  Kohlenstoff,  Wasserstoff  und  Sauerstoff,  ist,  und 
(b)  ein  elektronenspendendes  Dotierungsmittel,  oder  ein  elektronenziehendes  Dotierungsmittel  oder 
beide,  wobei  das  Material  eine  hohere  elektrische  Leitfahigkeit  als  das  nicht-dotierte  Substrat  (a) 
aufweist. 

35  7.  Material  nach  Anspruch  6,  wobei  das  aromatische  Kondensationspolymer  ein  Kondensationsprodukt  aus 
einer  aromatischen  Kohlenwasserstoffverbindung  mit  einer  phenolischen  Hydroxylgruppe  und  einem 
Aldehyd  ist. 

8.  Material  nach  Anspruch  6,  wobei  das  aromatische  Kondensationspolymer  ein  Kondensationsprodukt  aus 
40  Phenol  und  Formaldehyd  ist. 

9.  Material  nach  Anspruch  1,  wobei  die  Skelettstruktur  aus  dem  Polyacen  ein  atomares  Verhaltnis  von 
Wasserstoff/Kohlenstoff  von  0,50  bis  0,25  besitzt. 

45  10.  Material  nach  Anspruch  6,  das  eine  elektrische  Leitfahigkeit  hinsichtlich  des  Gleichstromes  bei 
Raumtemperatur  von  mindestens  10_+  ohm-1  cm-1  besitzt. 

11.  Material  nach  Anspruch  6,  wobei  das  elektronenspendende  Dotierungsmittel  ein  Metall  der  Gruppe  IA 
des  Periodensystems,  wie  Lithium,  Natrium,  Kalium,  Rubidium  und  Casium,  ist. 

50 
12.  Material  nch  Anspruch  6,  wobei  das  elektronenziehende  Dotierungsmittel  ein  Halogen,  ausgewahlt  aus 

Fluor,  Chlor,  Brom  und  Jod,  ist. 

13.  Material  nach  Anspruch  6,  wobei  das  elektronenziehende  Dotierungsmittel  eine  Halogenverbindung,  wie 
55  AsF5,  PF5,  BF3,  BCI3  und  BBR3,  ist. 

14.  Material  nach  Anspruch  6,  wobei  das  elektronenziehende  Dotierungsmittel  ein  Oxid  eines  Nicht- 
Metallelementes,  wie  SO3  und  N2O5,  oder  ein  Anion,  abgeleitet  von  einer  anorganischen  Saure,  wie 

19 
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HzSO*,  HNO3  und  HCIO*,  ist. 

15.  Material  nach  Anspruch  6,  das  in  Form  eines  Formartikels  vorliegt. 

5  16.  Material  nach  Anspruch  6,  das  in  Form  eines  Films,  einer  Platte,  einer  Faser  oder  eines  Verbundes 
hiervon  vorliegt. 

17.  Organische  Zelle  mit  einer  positiven  Elektrode,  einer  negativen  Elektrode  und  einer  Elektrolytlosung, 
wobei  eine  der  positiven  und  der  negativen  Elektroden  oder  auch  beide  zusammengesetzt  sind  aus 

10  einem  unloslichen  und  unschmelzbaren  Substrat  mit  einer  Skelettstruktur  aus  einem  Polyacen  mit 
einem  atomaren  Verhaltnis  von  Wasserstoff/Kohlenstoff  von  0,05  bis  0,50  und  einer  spezifischen 
Oberflache,  gemessen  gemass  dem  BET-Verfahren,  von  mindestens  600  m2/g,  wobei  das  Substrat  ein 
hitzebehandeltes  Produkt  eines  aromatischen  Kondensationspolymers,  bestehend  aus  Kohlenstoff, 
Wasserstoff  und  Sauerstoff,  ist,  und  wobei  die  Elektrolytlosung  eine  Losung  einer  Verbindung,  die  in 

15  der  Lage  ist,  lonen  zu  bilden,  die  die  Elektrode  mittels  Elektrolyse  dotieren  konnen,  in  einem 
aprotischen  organischen  Losungsmittel  ist. 

18.  Organische  Zelle  nach  Anspruch  17,  wobei  das  aromatische  Kondensationspolymer  ein  Kondensations- 
produkt  aus  einer  aromatischen  Kohlenwasserstoffverbindung  mit  einer  phenolischen  Hydroxylgruppe 

20  und  einem  Aldehyd  ist. 

19.  Organische  Zelle  nach  Anspruch  17,  wobei  das  aromatische  Kondensationspolymer  ein  Kondensations- 
produkt  aus  Phenol  und  Formaldehyd  ist. 

25  20.  Organische  Zelle  nach  Anspruch  17,  wobei  das  atomare  Verhaltnis  von  Wasserstoff/Kohlenstoff  0,1  bis 
0,35  ist. 

21.  Organische  Zelle  nach  Anspruch  17,  wobei  die  positive  Elektrode  aus  dem  unloslichen  und  unschmelz- 
baren  Substrat  zusammengesetzt  ist,  und  die  negative  Elektrode  aus  einem  Alkalimetall  oder  einem 

30  Erdalkalimetall  zusammengesetzt  ist. 

22.  Organische  Zelle  nach  Anspruch  21  ,  wobei  die  negative  Elektrode  aus  einem  Alkalimetall  zusammenge- 
setzt  ist,  und  das  Alkalimetall  Lithium  ist. 

35  23.  Organische  Zelle  nach  Anspruch  17,  wobei  die  Verbindung,  die  in  der  Lage  ist,  dotierfahige  lonen  zu 
bilden,  Lil,  Nal,  NH+I,  LiCIO+,  LiAsFG,  LiBF+,  KPFG,  NaPFG,  (C2H5)+NCIO+,  (n-C+H9)+NCIO+,  (n-C+H9)- 
+  NAsFG,  (n-C+H9)+PFG  oder  LiHF2  ist. 

24.  Organische  Zelle  nach  Anspruch  17,  wobei  das  aprotische  organische  Losungsmittel  Ethylencarbonat, 
40  Propylencarbonat,  gamma-Butyrolacton,  Dimethylformamid,  Dimethylacetamid,  Dimethylsulfoxid,  Aceto- 

nitril,  Dimethoxyethan,  Tetrahydrofuran  oder  Methylenchlorid  ist. 

25.  Organische  Zelle  nach  Anspruch  17,  wobei  das  unlosliche  und  unschmelzbare  Substrat  in  Form  eines 
Filmes,  einer  Platte,  einer  porosen  Platte,  einer  Faser,  eines  Webartikels,  eines  Nicht-Webartikels  oder 

45  eines  Verbundes  hieraus  vorliegt. 
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