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Description 

SPECIFICATION 

5  Field  of  the  Invention 

The  present  invention  relates  to  a  vitreous  carbon-active  carbon  composite  material,  a  process  for  producing  said 
composite  material,  and  a  polarizable  electrode  using  said  composite  material  for  use  in  electric  double  layer  capacitor. 

10  Prior  Art 

Various  proposals  were  made  on  the  polarizable  electrodes  using  active  carbon  or  the  like  for  use  in  electric  double 
layer  capacitor.  That  is,  there  were  proposed,  for  example,  a  paste-like  polarizable  electrode  obtained  by  mixing  an 
active  carbon  powder  with  an  electrolyte  [Japanese  Patent  Application  Kokai  (Laid-Open)  No.  102914/1989],  a  polar- 

15  izable  electrode  obtained  by  activating  an  active  carbon  fiber  [Japanese  Patent  Application  Kokai  (Laid-Open)  No. 
1  9271  6/1  991  ],  a  polarizable  electrode  obtained  by  activating  a  carbon  block  [Japanese  Patent  Application  Kokai  (Laid- 
Open)  No.  1416291/1991],  and  a  polarizable  electrode  obtained  by  treating  an  active  carbon  with  a  binder  such  as 
polyethylene,  polypropylene  or  the  like  [Japanese  Patent  Application  Kokai  (Laid-Open)  No.  22062/1992]. 

The  polarizable  electrodes  using  an  active  carbon  or  an  active  carbon  fiber,  however,  have  drawbacks  of  high 
20  internal  resistance  owing  to  the  insufficient  contact  between  active  carbon  particles,  or  of  capacitance  reduction  owing 

to  the  detachment  of  powder  or  fiber.  The  polarizable  electrode  obtained  by  activating  a  carbon  block  is  free  from  the 
drawbacks  of  high  internal  resistance  and  powder  detachment,  but  is  unable  to  have  a  large  electric  capacitance  per 
unit  volume  or  unit  weight  because  said  activation  is  conducted  only  on  the  surface  of  carbon  block  and  is  not  conducted 
in  the  interior.  The  polarizable  electrode  using  a  binder  such  as  polyethylene,  polypropylene  or  the  like  has  a  drawback 

25  of  low  adsorbability  and  accordingly  low  capability. 
From  EP-A-0  036  601  a  double  layer  capacitor  using  a  foil  derived  from  polyimids  is  known. 

Summary  of  the  Invention 

30  The  objects  of  the  present  invention  are  to  provide  a  polarizable  electrode  which  is  free  from  the  drawbacks  of 
prior  art,  which  has  a  low  internal  resistance,  which  causes  a  low  degree  of  powder  detachment,  which  has  large  electric 
capacitance  per  unit  weight  and  per  unit  volume,  and  which  can  be  produced  easily,  quickly  and  inexpensively;  and  a 
vitreous  carbon-active  carbon  composite  material  suitably  used  in  production  of  said  polarizable  electrode. 

The  present  inventors  made  a  study  in  order  to  achieve  the  above  objects,  based  on  the  following  idea.  That  is, 
35  since  the  vitreous  carbon  derived  from  a  polycarbodiimide  resin  has  excellent  chemical  resistance  and  has  a  low 

tendency  for  formation  of  intercalation  complex,  said  vitreous  carbon,  when  placed  in  an  electrolyte  (e.g.  strong  acid, 
strong  alkali  or  organic  solvent)  used  in  electric  double  layer  capacitor,  might  be  able  to  show  sufficient  electric  con- 
ductivity  and,  even  after  repeated  charging  and  discharging,  might  be  able  to  show  no  deformation  due  to  formation 
of  intercalation  compound  and  retain  the  original  shape;  as  a  result,  said  vitreous  carbon  might  be  able  to  provide  a 

40  polarizable  electrode  which  has  a  low  internal  resistance,  which  causes  no  deformation  and  which  has  large  electric 
capacitance  per  unit  weight  and  per  unit  volume.  As  a  result,  the  present  invention  has  been  completed. 

The  present  invention  provides: 

a  vitreous  carbon-active  carbon  composite  material  wherein  the  vitreous  carbon  is  derived  from  a  polycarbodiimide 
45  resin, 

a  process  for  producing  the  above  vitreous  carbon-active  carbon  composite  material,  which  comprises  firing  a 
mixture  of  a  polycarbodiimide  resin  and  an  active  carbon,  or  a  molded  article  of  desired  shape  prepared  from  said 
mixture,  in  a  non-oxidizing  atmosphere,  and 
a  polarizable  electrode  for  use  in  electric  double  layer  capacitor,  which  consists  of  the  above  vitreous  carbon-active 

so  carbon  composite  material. 

Detailed  Description  of  the  Invention 

The  present  invention  is  hereinafter  described  in  detail. 
55  The  vitreous  carbon  used  in  the  vitreous  carbon-active  carbon  composite  material  of  the  present  invention  (said 

vitreous  carbon  corresponds  to  the  binder  used  in  the  prior  art)  is  a  non  -permeable  amorphous  carbon  material  obtained 
by  firing  a  thermosetting  resin  in  an  inert  gas.  Vitreous  carbon  is  known  in  the  art.  The  vitreous  carbon  used  in  the 
present  invention  is  a  vitreous  carbon  obtained  by  firing  a  polycarbodiimide  resin  disclosed  for  example,  in  Japanese 
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Patent  Application  Kokai  (Laid-Open)  No.  209712/1992. 
The  above  polycarbodiimide  resin  may  be  a  known  product  or  can  be  produced  in  the  same  manner  as  for  known 

product  [see  U.S.  Patent  No.  2,941,956;  Japanese  Patent  Publication  No.  33279/1972;  J.  Org.  Chem.,  28,  2069-2075 
(1963);  Chemical  review  1981,  vol.  81,  No.  4,  619-621].  It  can  be  easily  produced,  for  example,  by  a  condensation 

5  reaction  wherein  an  organic  diisocyanate  is  subjected  to  removal  of  carbon  dioxide.  The  organic  diisocyanate  used  in 
production  of  polycarbodiimide  resin  may  be  any  of  an  aliphatic  type,  an  alicyclic  type,  an  aromatic  type,  an  aralkyl 
type,  etc.  They  can  be  used  singly  or  in  combination  of  two  or  more  (in  the  latter  case,  a  copolycarbodiimide  is  obtained). 

The  organic  diisocyanate  is  preferably  an  organic  diisocyanate  capable  of  giving  a  crystalline  polycarbodiimide. 
Such  an  organic  diisocyanate  is  exemplified  by  at  least  one  compound  selected  from  the  group  consisting  of  4,4'- 

10  diphenylmethane  diisocyanate,  p-phenylene  diisocyanate,  4,4'-diphenyl  ether  diisocyanate  and  3,3'-dimethoxy-4,4'- 
diphenyl  diisocyanate.  4,4'-Diphenylmethane  diisocyanate  is  particularly  preferable. 

It  is  possible  to  add,  to  the  organic  diisocyanate,  other  organic  diisocyanate  or  a  monoisocyanate  to  control  the 
molecular  weight  of  the  polycarbodiimide  obtained.  For  mixing  with,  for  example,  4,4'-diphenylmethane  diisocyanate, 
the  other  organic  diisocyanate  is  particularly  preferably  tolylene  diisocyanate  (TDI),  and  the  monoisocyanate  is  partic- 

15  ularly  preferably  phenyl  isocyanate. 
The  condensation  reaction  wherein  an  organic  diisocyanate  is  subjected  to  removal  of  carbon  dioxide,  is  conducted 

in  the  presence  of  a  carbodiimidization  catalyst.  The  carbodiimidization  catalyst  includes,  for  example,  phospholene 
oxides  such  as  3-methyl-1-phenyl-2-phospholene-1  -oxide,  1-phenyl-2-phospholene-1  -oxide,  3-methyl-2-phosp- 
holene-1  -oxide,  1  -ethyl-3-methyl-2-phospholene-1  -oxide,  1  -ethyl-2-phospholene-1  -oxide,  and  3-phospholene  isomers 

20  thereof.  Of  them,  3-methyl-1  -phenyl-2-phospholene-1  -oxide  is  preferable  in  view  of  the  reactivity. 
The  active  carbon  used  in  the  vitreous  carbon-active  carbon  composite  material  of  the  present  invention  is  not 

particularly  restricted.  It  includes  active  carbons  obtained  by  carbonizing  a  natural  vegetable  (e.g.  sawdust  or  coconut 
shell),  an  aromatic  polycyclic  compound  obtained  from  coal,  petroleum  or  the  like,  or  a  synthetic  resin  of  phenolic  type, 
acrylic  type,  aromatic  polyamide  type,  cellulose  type  or  the  like,  and  then  activating  the  resulting  carbon  by  an  ordinary 

25  method. 
The  shape  of  the  active  carbon  may  be  a  powder,  particles,  a  fiber  or  the  like.  The  specific  surface  area  of  the 

active  carbon  is  not  particularly  restricted,  either,  but  is  preferably  500  m2/g  or  larger. 
The  proportions  of  the  vitreous  carbon  derived  from  a  polycarbodiimide  resin  and  the  active  carbon  may  be  ap- 

propriately  determined  depending  upon,  for  example,  the  properties  of  the  desired  vitreous  carbon-active  carbon  corn- 
so  posite  material;  however,  the  vitreous  carbon  is  used  in  an  amount  of,  for  example,  0.5-100  parts  by  weight,  preferably 

1-50  parts  by  weight  as  solid  per  100  parts  by  weight  of  the  active  carbon. 
The  vitreous  carbon-active  carbon  composite  material  of  the  present  invention  is  a  composite  material  between 

two  main  components,  i.e.  a  vitreous  carbon  derived  from  a  polycarbodiimide  resin  and  an  active  carbon,  and  can  be 
produced  by  a  process  described  below. 

35  First,  the  above-mentioned  polycarbodiimide  resin  is  mixed  with  an  active  carbon  to  obtain  an  active  carbon  mixture. 
In  this  mixing  step,  there  can  be  used  a  mixing  method  ordinarily  used  industrially,  for  example,  a  method  using  stirring 
rods,  a  kneader,  a  ball  mill,  a  sample  mill,  a  mixer,  a  static  mixer,  a  ribbon  mixer  or  the  like. 

The  active  carbon  mixture  is  then  molded  into  a  desired  shape.  This  molding  step  can  be  conducted  by  a  known 
method  such  as  pressure  molding,  hydrostatic  pressure  molding,  extrusion,  injection  molding,  belt  pressing,  hot  press- 

40  ing,  roll  pressing  or  the  like. 
The  molded  material  is  then  fired.  This  firing  step  can  be  conducted  by  a  known  method,  under  vacuum  cr  in  a 

non-oxidizing  atmosphere  such  as  nitrogen,  argon,  hydrogen  or  the  like.  The  firing  temperature  has  no  upper  limit  but 
desirably  is  600-3,000°C,  preferably  700-1  ,500°C.  When  the  firing  temperature  is  higher  than  3,000°C,  the  firing  furnace 
undergoes  excessive  oxidative  exhaustion,  when  the  firing  temperature  is  lower  than  600°C,  the  firing  product  has  a 

45  high  internal  resistance  and  a  low  electric  capacitance. 
The  thus  obtained  vitreous  carbon-active  carbon  composite  material  of  the  present  invention  can  be  used,  as  it  is 

or  after  cutting  into  an  appropriate  shape,  as  a  polarizable  electrode  for  electric  double  layer  capacitor. 
The  present  invention  is  hereinafter  described  specifically  by  way  of  Examples. 

so  Production  (1)  of  polycarbodiimide  resin 

675  g  of  4,4'-diphenylmethane  diisocyanate  and  71  .4  g  of  phenyl  isocyanate  were  reacted  in  2,485  g  of  tetrachlo- 
roethylene  (resin  concentration  =  20%)  in  the  presence  of  1  .50  g  of  3-methyl-1  -phenyl-2-phospholene-1  -oxide  (a  car- 
bodiimidization  catalyst)  at  120°Cfor4hours  to  obtain  a  light  yellowtransparent  polycarbodiimide  solution.  The  solution 

55  was  cooled  to  40°C  in  12  hours  to  obtain  a  polycarbodiimide  slurry.  The  slurry  had  a  viscosity  of  2.7dyn-s/cm2  (270 
cp).  The  slurry  was  subjected  to  spray  drying  to  obtain  a  light  yellowish  white  polycarbodiimide  powder. 

3 
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Production  (2)  of  polycarbodiimide  resin 

54  g  of  a  (80/20)  mixture  of  2,4-tolylene  diisocyanate  and  2,6-tolylene  diisocyanate  was  reacted  in  500  ml  of 
tetrachloroethylene  in  the  presence  of  0.12  g  of  3-methyl-1-phenyl-2-phospholene-1  -oxide  (a  carbodiimidization  cat- 

5  alyst)  at  120°C  for  4  hours  to  obtain  a  polycarbodiimide  solution. 

Example  1 

The  above-obtained  polycarbodiimide  powder  (average  particle  diameter  =  10  urn)  and  an  active  carbon  powder 
10  (average  particle  diameter  =  10  urn,  specific  surface  area  =  1  ,800  m2/g)  were  mixed  at  the  mixing  ratios  shown  in  Table 

1  .  Each  mixture  was  agitated  for  24  hours  by  a  ball  mill,  then  placed  in  a  square  mold  having  an  internal  dimension  of 
50  mm  x  50  mm,  and  subjected  to  pressure  molding  at  a  pressure  of  2.94x1  06  Pa  (30  kg/cm2)  at  100°C  for  30  minutes 
to  obtain  a  molded  article.  Each  molded  article  was  heated,  in  a  nitrogen  atmosphere,  to  a  temperature  shown  in  Table 
1  at  a  temperature  elevation  rate  of  20°C  per  hour  to  effect  firing,  whereby  various  vitreous  carbon-active  carbon 

is  composite  materials  were  obtained. 

Table  1 

20 

25 

Sample  No.  Mixing  ratio  (wt.  %)  Firing  Temp.  (°C) 
Active  carbon  Polycarbodiimide  powder 

1-1  100  0.5  700 
1-2  100  0.5  900 
1-3  100  0.5  1200 
1-4  100  0.5  1500 
1-5  100  25  700 
1-6  100  25  900 
1-7  100  25  1200 
1-8  100  25  1500 
1-9  100  100  700 
1-10  100  100  900 
1-11  100  100  1200 
1-12  100  100  1500 

From  each  of  the  composite  materials  obtained  above  was  cut  out  a  disc-shaped  electrode  of  10  mm  in  diameter 
and  1  mm  in  thickness.  The  electrode  was  measured  for  resistivity  by  a  DC  four-probe  method.  By  using  the  electrode 
as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two  electrodes,  under  vacuum,  with 
a  propylene  carbonate  solution  containing  1  mole/liter  of  tetraethylammonium  tetrafluoroborate,  there  was  prepared 
an  electric  double  layer  capacitor.  Each  capacitor  was  measured  for  electric  capacitance. 

Incidentally,  electric  capacitance  was  calculated  by  charging  each  capacitor  with  a  constant  current  of  20  mA,  then 
discharging  the  capacitor  at  a  constant  current  of  20  mA,  and  measuring  the  time  in  which  the  voltage  dropped  from 
1  V  to  0  V.  This  electric  capacitance  was  divided  by  the  volume  of  electrode,  whereby  an  electric  capacitance  per  unit 
volume  was  calculated.  Separately,  a  constant  current  of  1  kHz  and  1  0  mA  was  allowed  to  pass  through  each  capacitor 
and  the  voltage  between  electrodes  was  measured,  whereby  an  equivalent  series  resistance  was  obtained.  The  results 
of  the  resistivity,  capacitance  per  unit  volume  and  equivalent  series  resistance  of  each  capacitor  are  shown  in  Table  2. 

Table  2 

50 

55 

Sample  No.  Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/  Equivalent  series  resistance  (Q) 
cm3) 

1-1  4.3  x10"1  61.2  6.3 
1-2  1.2  x10"2  70.3  1.5 
1-3  7.3x  10-3  59.3  1.2 
1-4  5.2x  10-3  43.2  1.1 
1-5  3.1X10"1  70.3  5.9 
1-6  1.0x  10-2  75.4  1.3 
1-7  6.1  x  10-3  68  9  11 
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Table  2  (continued) 
Sample  No.  Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/  Equivalent  series  resistance  (Q) 

cm3) 
1-8  4.9x  10-3  51.2  0.9 
1-9  5.2  x10"1  30.5  7.1 
1-10  4.5x  10-2  37.2  1.1 
1-11  5.3x  10-3  29.3  0.7 
1-12  1.3x  10-3  25.2  0.7 

Example  2 

Each  of  the  vitreous  carbon-active  carbon  composite  material  Nos.  1  -1  ,  1-2,  1-4,  1  -5,  1  -6,  1-8,  1-9,  1-10  and  1-12 
was  made  into  an  electrode  in  the  same  manner  as  in  Example  1  .  Each  electrode  was  used  as  a  positive  electrode 
and  also  as  a  negative  electrode,  and  the  two  electrodes  were  impregnated,  under  vacuum,  with  30  wt.  %  sulfuric  acid 
to  obtain  an  electric  double  layer  capacitor.  Each  capacitor  was  measured  for  electric  capacitance  and  calculated  for 
electric  capacitance  per  unit  volume  and  equivalent  series  resistance  in  the  same  manners  as  in  Example  1  .  The  results 
are  shown  in  Table  3. 

Table  3 

Sample  No.  Electric  capacitance  per  unit  volume  (F/cm3)  Equivalent  series  resistance  (mQ) 
1-1  120.4  58 
1-2  131.8  25 
1-4  107.5  20 
1-5  202.1  43 
1-6  210.8  20 
1-8  189.2  18 
1-9  95.2  32 
1-10  100.7  21 
1-12  89.1  15 

Example  3 
35 

The  above-obtained  solution  of  15%  of  polycarbodiimide  in  tetrachloroethylene  and  an  active  carbon  powder  (av- 
erage  particle  diameter  =  1  0  urn,  specific  surface  area  =  1  ,800  m2/g)  were  mixed  at  the  mixing  ratios  shown  in  Table 
4.  Each  mixture  was  agitated  for  24  hours  to  obtain  a  paste.  Each  paste  was  cast  and  heated,  in  a  nitrogen  atmosphere, 
to  a  temperature  shown  in  Table  4  at  a  temperature  elevation  rate  of  20°C  per  hour  to  effect  firing,  whereby  various 

40  vitreous  carbon-active  carbon  composite  materials  were  obtained. 

Table  4 

Sample  No.  Mixing  ratio  (wt.  %)  Firing  Temp.  (°C) 
Active  carbon  Polycarbodiimide  powder 

3-1  100  0.5  700 
3-2  100  0.5  900 
3-3  100  0.5  1500 
3-4  100  25  700 
3-5  100  25  900 
3-6  100  25  1500 
3-7  100  100  700 
3-8  100  100  900 
3-9  100  100  1500 

From  each  of  the  composite  materials  obtained  above  was  cut  out  a  disc-shaped  electrode  of  10  mm  in  diameter 

5 
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and  1  mm  in  thickness.  The  electrode  was  measured  for  resistivity  by  a  DC  four-probe  method.  By  using  the  electrode 
as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two  electrodes,  under  vacuum,  with 
a  propylene  carbonate  solution  containing  1  mole/liter  of  tetraethylammonium  tetrafluoroborate,  there  was  prepared 
an  electric  double  layer  capacitor.  Each  capacitor  was  measured  for  electric  capacitance.  Each  capacitor  was  further 

5  calculated  for  electric  capacitance  per  unit  volume  and  equivalent  series  resistance  in  the  same  manners  as  in  Example 
1  .  Their  results  are  shown  in  Table  5. 

Table  5 

Sample  No.  Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/  Equivalent  series  resistance  (Q) 
cm3) 

3-1  5.8  x10"1  59.2  7.4 
3-2  1.9x  10-2  67.4  2.4 
3-3  9.0x  10-3  40.9  1.7 
3-4  4.7  x10"1  65.1  6.5 
3-5  1.5x10-2  713  1.7 
3-6  6.7x  10-3  57.4  1.1 
3-7  7.3  x10"1  25.4  8.2 
3-8  5.7x  10-2  32.7  1.1 
3-9  1.7x  10-3  19  4  0.9 

Example  4 

The  above-obtained  polycarbodiimide  powder  (average  particle  diameter  =  10  pm)  and  an  active  carbon  powder 
(average  particle  diameter  =  1  0  pm,  specific  surface  area  =  1  ,800  m2/g)  were  mixed  at  the  mixing  ratios  shown  in  Table 
6.  To  each  mixed  powder  was  added  water,  followed  by  agitation  using  an  E  type  viscometer  to  obtain  a  paste  of  2x1  02- 
3.5x1  02dyn-s/cm2  (20,000-35,000  cp).  Each  paste  was  cast  and  then  heated,  in  a  nitrogen  atmosphere,  to  a  temper- 
ature  shown  in  Table  6  at  a  temperature  elevation  rate  of  20°C  per  hour  to  effect  firing,  whereby  various  vitreous  carbon- 
active  carbon  composite  materials  were  obtained. 

Table  6 

Sample  No.  Mixing  ratio  (wt.  %)  Firing  Temp.  (°C) 
Active  carbon  Polycarbodiimide  powder 

4-1  100  0.5  700 
4-2  100  0.5  900 
4-3  100  0.5  1500 
4-4  100  25  700 
4-5  100  25  900 
4-6  100  25  1500 
4-7  100  100  700 
4-8  100  100  900 
4-9  100  100  1500 

From  each  of  the  composite  materials  obtained  above  was  cut  out  a  disc-shaped  electrode  of  10  mm  in  diameter 
and  1  mm  in  thickness.  The  electrode  was  measured  for  resistivity  by  a  DC  four-probe  method.  By  using  the  electrode 
as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two  electrodes,  under  vacuum,  with 

so  a  propylene  carbonate  solution  containing  1  mole/liter  of  tetraethylammonium  tetrafluoroborate,  there  was  prepared 
an  electric  double  layer  capacitor.  Each  capacitor  was  measured  for  electric  capacitance.  Each  capacitor  was  further 
calculated  for  electric  capacitance  per  unit  volume  and  equivalent  series  resistance  in  the  same  manners  as  in  Example 
1  .  Their  results  are  shown  in  Table  7. 
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Table  7 

10 

15 

Sample  No.  Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/  Equivalent  series  resistance  (Q) 
cm3) 

4-1  6.1X10"1  59.8  7.5 
4-2  2.0x  10-2  68.7  2.7 
4-3  9.1  x  10-3  42.1  1.9 
4-4  4.9x10""!  64  2  6.7 
4-5  1.8x  10-2  69.2  1.9 
4-6  7.0x  10-3  59.9  1.3 
4-7  7.5x10""!  27.8  8.5 
4-8  6.0x  10-2  341  1  3 
4-9  2.0x  10-3  21.5  1.1 

Comparative  Example  1 

An  active  carbon  powder  (average  particle  diameter  =  10  urn,  specific  surface  area  =  1  ,800  m2/g)  was  mixed  with 
20  a  propylene  carbonate  solution  containing  1  mole/liter  of  tetrabutylammonium  perchlorate,  to  obtain  a  paste.  The  paste 

was  coated  on  a  stainless  steel  mesh  to  form  a  coating  film  of  1  mm  in  thickness,  whereby  an  electrode  was  prepared. 
The  electrode  was  measured  for  resistivity  by  a  DC  four-probe  method.  By  using  the  electrode  (10  mm  in  diameter) 

as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two  electrodes,  under  vacuum,  with 
a  propylene  carbonate  solution  containing  1  mole/liter  of  tetraethylammonium  tetrafluoroborate,  there  was  prepared 

25  an  electric  double  layer  capacitor.  The  capacitor  was  measured  for  electric  capacitance.  The  capacitor  was  further 
calculated  for  electric  capacitance  per  unit  volume  and  equivalent  series  resistance  in  the  same  manners  as  in  Example 
1  .  Their  results  are  shown  in  Table  8. 

30 

Table  8 

Resistivity  (Q-cm)  Electyric  capacitance  per  unit  volume  (F/cm3)  Equivalent  series  resistance  (Q) 
8.4  0.20  19.8 

35 

40 

Comparative  Example  2 

An  active  carbon  fiber  (specific  surface  area  =  1,800  m2/g)  was  press-bonded  onto  a  stainless  steel  mesh  in  a 
fiber  thickness  of  1  mm,  to  prepare  an  electrode.  This  disc-shaped  electrode  was  measured  for  resistivity  by  a  DC  four- 
probe  method. 

By  using  the  electrode  as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two 
electrodes,  undervacuum,  with  a  propylene  carbonate  solution  containing  1  mole/liter  of  tetraethylammonium  tetrafluor- 
oborate,  there  was  prepared  an  electric  double  layer  capacitor.  The  capacitor  was  measured  for  electric  capacitance. 
The  capacitor  was  further  calculated  for  electric  capacitance  per  unit  volume  and  equivalent  series  resistance  in  the 
same  manners  as  in  Example  1  .  Their  results  are  sown  in  Table  9. 

45 
Table  9 

Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/cm3)  Equivalent  series  resistance  (Q) 
10.1  0.15  53.4 

50 

55 

Comparative  Example  3 

A  phenolic  resin  having  a  bulk  density  of  0.1  g/cm3  was  heated  to  900°C  at  a  temperature  elevation  rate  of  10°C 
per  minute  in  a  nitrogen  atmosphere  to  effect  firing.  The  firing  product  was  kept  in  a  mixed  gas  of  nitrogen  and  carbon 
dioxide  for  3  hours  for  activation.  The  resulting  material  had  a  specific  surface  area  of  1  ,800  m2/g  when  measured  by 
a  BET  method. 

The  material  was  cut  into  a  disc-shaped  sample  of  10  mm  in  diameter  and  1  mm  in  thickness.  The  sample  was 
measured  for  resistivity  by  a  DC  four-probe  method.  By  using  the  sample  as  a  positive  electrode  and  also  as  a  negative 
electrode  and  by  impregnating  the  two  electrodes,  under  vacuum,  with  a  propylene  carbonate  solution  containing  1 
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mole/liter  of  tetraethylammonium  tetrafluoroborate,  there  was  prepared  an  electric  double  layer  capacitor.  The  capacitor 
was  measured  for  electric  capacitance.  The  capacitor  was  further  calculated  for  electric  capacitance  per  unit  volume 
and  equivalent  series  resistance  in  the  same  manners  as  in  Example  1.  Their  results  are  shown  in  Table  10. 

5  Table  10 

Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/cm3)  Equivalent  series  resistance  (Q) 
0.5  0.30  10.5 

w  Comparative  Example  4 

An  active  carbon  powder  (average  particle  diameter  =  10  pm)  and  a  polyethylene  powder  (average  particle  diameter 
=  10  urn)  were  mixed  at  the  mixing  ratios  shown  in  Table  11  .  Each  mixture  was  agitated  for  24  hours  by  a  ball  mill,  then 
placed  in  a  square  mold  having  an  internal  dimension  of  50  mm  x  50  mm,  and  subjected  to  pressure  molding  at  a 

15  pressure  of  2.94x1  06  Pa  (30  kg/cm2)  at  100°C  for  30  minutes. 

Table  11 

Sample  No.  Mixing  ratio  (wt.  %) 
Active  carbon  Polyethylene  powder 

Comp.  4-1  100  0.5 
Comp.  4-2  100  25 
Comp.  4-3  100  100 

Each  of  the  samples  (molded  articles)  was  measured  for  resistivity  by  a  DC  four-probe  method.  By  using  each 
sample  of  10  mm  in  diameter  as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two 
electrodes,  undervacuum,  with  a  propylene  carbonate  solution  containing  1  mole/liter  of  tetraethylammonium  tetrafluor- 
oborate,  there  was  prepared  an  electric  double  layer  capacitor.  Each  capacitor  was  measured  for  electric  capacitance. 
The  capacitor  was  further  calculated  for  electric  capacitance  per  unit  volume  and  equivalent  series  resistance  in  the 
same  manners  as  in  Example  1.  Their  results  are  shown  in  Table  12. 

Table  12 

Sample  No.  Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/  Equivalent  series  resistance  (Q) 
cm3) 

Comp.  4-1  9.5  0.25  20.5 
Comp.  4-2  10.4  0.11  51.6 
Comp.  4-3  15.7  0.05  100.1 

Comparative  Example  5 

An  active  carbon  powder  (average  particle  diameter  =  10  urn)  and  an  acrylic  acid  latex  were  mixed  at  the  mixing 
ratios  shown  in  Table  13.  Each  mixture  was  agitated  for  24  hours  by  a  ball  mill,  then  placed  in  a  square  mold  having 
an  internal  dimension  of  50  mm  x  50  mm,  and  subjected  to  pressure  molding  at  a  pressure  of  2.94x1  06  Pa  (30  kg/cm2) 
at  100°C  for  30  minutes. 

Table  1  3 

Sample  No.  Mixing  ratio  (wt.  %) 
Active  carbon  Acrylic  acid  latex 

Comp.  5-1  100  0.5 
Comp.  5-2  100  25 
Comp.  5-3  100  100 

Each  of  the  samples  (molded  articles)  was  measured  for  resistivity  by  a  DC  four-probe  method.  3y  using  each 
sample  of  10  mm  in  diameter  as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two 
electrodes,  undervacuum,  with  a  propylene  carbonate  solution  containing  1  mole/liter  of  tetraethylammonium  tetrafluor- 
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oborate,  there  was  prepared  an  electric  double  layer  capacitor.  Each  capacitor  was  measured  for  electric  capacitance. 
The  capacitor  was  further  calculated  for  electric  capacitance  per  unit  volume  and  equivalent  series  resistance  in  the 
same  manners  as  in  Example  1.  Their  results  are  shown  in  Table  14. 

5  Table  14 

Sample  No.  Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/  Equivalent  series  resistance  (Q) 
cm3) 

Comp.  5-1  7.3  0.27  18.7 
Comp.  5-2  8.1  0.13  47.2 
Comp.  5-3  13.5  0.08  98.3 

Comparative  Example  6 

A  polycarbodiimide  resin  powder  (average  particle  diameter  =  10  urn)  and  an  active  carbon  powder  (average 
particle  diameter  =  1  0  urn,  specific  surface  area  =  1  ,800  m2/g)  were  mixed  at  the  mixing  ratios  shown  in  Table  1  5.  Each 
mixture  was  agitated  for  24  hours  by  a  ball  mill,  then  placed  in  a  square  mold  having  an  internal  dimension  of  50  mm 
x  50  mm,  and  subjected  to  pressure  molding  at  a  pressure  of  2.94x10  Pa  (30  kg/cm2)  at  100°C  for  30  minutes.  Each 
of  the  resulting  molded  articles  was  heated,  in  a  nitrogen  atmosphere,  to  a  temperature  shown  in  Table  15  at  a  tem- 
perature  elevation  rate  of  20°C  per  hour  to  effect  firing,  whereby  various  vitreous  carbon-active  carbon  composite 
materials  were  obtained. 

Table  15 

Sample  No.  Mixing  ratio  (wt.  %)  Firing  Temp.  (°C) 
Active  carbon  Polycarbodiimide 

Comp.  6-1  100  0.5  500 
Comp.  6-2  100  25  500 
Comp.  6-3  100  100  500 

Each  of  the  samples  (composite  materials)  was  measured  for  resistivity  by  a  DC  four-probe  method.  By  using  each 
sample  of  10  mm  in  diameter  as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two 
electrodes,  undervacuum,  with  a  propylene  carbonate  solution  containing  1  mole/liter  of  tetraethylammonium  tetrafluor- 
oborate,  there  was  prepared  an  electric  double  layer  capacitor.  Each  capacitor  was  measured  for  electric  capacitance. 
The  capacitor  was  further  calculated  for  electric  capacitance  per  unit  volume  and  equivalent  series  resistance  in  the 
same  manners  as  in  Example  1.  Their  results  are  shown  in  Table  16. 

Table  16 

Sample  No.  Resistivity  (Q-cm)  Electric  capacitance  per  unit  volume  (F/  Equivalent  series  resistance  (Q) 
cm3) 

Comp.  6-1  5.2  0.50  15.4 
Comp.  6-2  7.5  0.25  19.3 
Comp.  6-3  10.2  0.13  46.1 

Example  5 

The  vitreous  carbon-active  carbon  composite  material  (the  sample  No.  1  -2)  prepared  in  Example  1  was  made  into 
a  disc-shaped  electrode  (10  mm  in  diameter  and  1  mm  in  thickness)  in  the  same  manner  as  in  Example  1  .  The  electrode 
was  measured  for  resistivity  by  a  DC  four-probe  method  and  gave  a  resistivity  of  0.03  Q-cm.  By  using  this  electrode 
as  a  positive  electrode  and  also  as  a  negative  electrode  and  by  impregnating  the  two  electrodes  with  30  wt.  %  sulfuric 
acid  under  vacuum,  there  was  prepared  an  electric  double  layer  capacitor.  The  capacitor  was  measured  for  electric 
capacitance  and  further  calculated  for  electric  capacitance  per  unit  volume  and  equivalent  series  resistance  at  the  1st, 
100th,  500th  and  1,000th  cycles,  in  the  same  manners  as  in  Example  1.  Their  results  are  shown  in  Table  17. 
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Table  17 

Cycle  No.  Electric  capacitance  per  unit  volume  (F/cm3)  Equivalent  series  resistance  (mQ) 
1  131.8  25 

100  131.4  25 
500  131.0  28 

1000  129.0  30 

10  Comparative  Example  7 

1  00  parts  by  weight  of  the  active  carbon  used  in  Example  1  and  0.5  part  by  weight  of  a  phenol-formaldehyde  resin 
powder  (average  particle  diameter  =  1  0  pm)  were  mixed.  Using  the  mixture,  a  disc-shaped  electrode  (1  0  mm  in  diameter 
and  1  mm  in  thickness)  was  prepared  in  the  same  manner  as  in  Example  1.  The  electrode  had  a  resistivity  of  0.04 

15  Q-cm  when  measured  by  a  DC  four-probe  method.  By  using  this  electrode  as  a  positive  electrode  and  also  as  a  negative 
electrode  and  by  impregnating  the  two  electrodes  with  30  wt.  %  sulfuric  acid  under  vacuum,  an  electric  double  layer 
capacitor  was  prepared.  The  capacitor  was  measured  for  electric  capacitance  and  further  calculated  for  electric  ca- 
pacitance  per  unit  volume  and  equivalent  series  resistance  at  the  1st,  100th,  500th  and  1,000th  cycles,  in  the  same 
manners  as  in  Example  1.  Their  results  are  shown  in  Table  18. 

20 
Table  18 

Cycle  No.  Electric  capacitance  per  unit  volume  (F/cm3)  Equivalent  series  resistance  (mQ) 
1  106.3  75 

100  103.3  82 
500  100.4  98 

1000  95.4  130 

The  vitreous  carbon-active  carbon  composite  material  of  the  present  invention  is  a  composite  material  between  a 
vitreous  carbon  derived  from  a  polycarbodiimide  resin  and  an  active  carbon,  produced  by  firing  a  mixture  of  a  polycar- 
bodiimide  resin  and  an  active  carbon  in  a  non-oxidizing  atmosphere,  and  is  superior  particularly  in  chemical  resistance. 
Therefore,  the  polarizable  electrode  of  the  present  invention  for  use  in  electric  double  layer  capacitor,  consisting  of 
said  vitreous  carbon-active  carbon  composite  material  has  a  small  internal  resistance,  a  large  electric  capacitance  and 
a  long  life. 

Claims 

1  .  A  vitreous  carbon-active  carbon  composite  material  wherein  the  vitreous  carbon  is  derived  from  a  polycarbodiimide 
resin,  which  composite  material  is  obtainable  by  firing  a  mixture  of  a  polycarbodiimide  resin  and  an  active  carbon 
in  a  non-oxidizing  atmosphere;  said  mixture  comprises  0.5-1  00  parts  by  weight  as  solid  of  the  vitreous  carbon  per 
100  parts  by  weight  of  the  active  carbon;  and  the  firing  is  conducted  at  a  temperature  of  600°C  or  more. 

2.  A  vitreous  carbon-active  carbon  composite  material  according  to  Claim  1  ,  wherein  the  active  carbon  is  powdery, 
particulate  or  fibrous. 

3.  A  process  for  producing  a  vitreous  carbon  -active  carbon  composite  material  according  to  Claim  1  ,  which  comprises 
firing  a  mixture  of  a  polycarbodiimide  resin  and  an  active  carbon  in  a  non-oxidizing  atmosphere. 

4.  A  process  for  producing  a  vitreous  carbon  -active  carbon  composite  material  according  to  Claim  1  ,  which  comprises 
molding  a  mixture  of  a  polycarbodiimide  resin  and  an  active  carbon  to  obtain  a  molded  article  of  desired  shape 
and  then  firing  the  molded  article  in  a  non-oxidizing  atmosphere. 

5.  A  process  according  to  Claim  3  or  4,  wherein  the  active  carbon  is  powdery,  particulate  or  fibrous. 

6.  A  polarizable  electrode  for  use  in  electric  double  layer  capacitor,  which  electrode  consists  of  a  vitreous  carbon- 
active  carbon  composite  material  according  to  Claim  1  ,  wherein  the  vitreous  carbon  is  derived  from  a  polycarbo- 
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diimide  resin. 

7.  A  polarizable  electrode  according  to  Claim  6,  wherein  the  vitreous  carbon-active  carbon  composite  material  is 
obtainable  by  firing  a  mixture  of  a  polycarbodiimide  resin  and  an  active  carbon  in  a  non-oxidizing  atmosphere. 

8.  A  polarizable  electrode  according  to  Claim  6,  wherein  the  active  carbon  is  powdery  particulate  or  fibrous. 

Patentanspriiche 

1.  Verbundwerkstoff  aus  Glaskohlenstoff-Aktivkohle,  wobei  der  Glaskohlenstoff  von  einem  Polycarbodiimidharz  ab- 
geleitet  ist,  welcher  Verbundwerkstoff  durch  Befeuern  eines  Gemischs  aus  einem  Polycarbodiimidharz  und  einer 
Aktivkohle  in  einer  nicht-oxidierenden  Atmosphare  erhaltlich  ist;  wobei  das  Gemisch  0,5-100  Gewichtsanteile  als 
Feststoff  des  Glaskohlenstoffs  pro  100  Gewichtsanteilen  der  Aktivkohle  umfaBt;  und  wobei  das  Befeuern  bei  einer 
Temperatur  von  600°C  oder  mehr  vorgenommen  wird. 

2.  Verbundwerkstoff  aus  Glaskohlenstoff-Aktivkohle  nach  Anspruch  1,  wobei  die  Aktivkohle  pulvrig,  teilchenhaltig 
oder  fasrig  ist. 

3.  Verfahren  zur  Herstellung  eines  Verbundwerkstoffs  aus  Glaskohlenstoff-Aktivkohle  nach  Anspruch  1  ,  welches  das 
Befeuern  eines  Gemischs  aus  einem  Polycarbodiimidharz  und  einer  Aktivkohle  in  einer  nicht-oxidierenden  Atmo- 
sphare  umfaBt. 

4.  Verfahren  zur  Herstellung  eines  Verbundwerkstoffs  aus  Glaskohlenstoff-Aktivkohle  nach  Anspruch  1  ,  welches  das 
Formen  eines  Gemischs  aus  einem  Polycarbodiimidharz  und  einer  Aktivkohle  zum  Erhalt  eines  Formgegenstands 
der  gewunschten  Form  und  dann  das  Befeuern  des  Formgegenstands  in  einer  nicht-oxidierenden  Atmosphare 
umfaBt. 

5.  Verfahren  nach  Anspruch  3  oder  4,  wobei  die  Aktivkohle  pulvrig,  teilchenhaltig  oder  fasrig  ist. 

6.  Polarisierbare  Elektrode  zur  Verwendung  im  einem  elektrischen  Doppelschichtkondensator,  welche  Elektrode  aus 
einem  Verbundwerkstoff  aus  Glaskohlenstoff-Aktivkohle  nach  Anspruch  1  besteht,  wobei  der  Glaskohlenstoff  von 
einem  Polycarbodiimidharz  abgeleitet  ist. 

7.  Polarisierbare  Elektrode  nach  Anspruch  6,  wobei  der  Verbundwerkstoff  aus  Glaskohlenstoff-Aktivkohle  durch  Be- 
feuern  eines  Gemischs  aus  einem  Polycarbodiimidharz  und  einer  Aktivkohle  in  einer  nicht-oxidierbaren  Atmospha- 
re  erhaltlich  ist. 

8.  Polarisierbare  Elektrode  nach  Anspruch  6,  wobei  die  Aktivkohle  pulvrig,  teilchenhaltig  oder  fasrig  ist. 

Revendications 

1.  Materiau  composite  carbone  vitreux-carbone  actif  ou  le  carbone  vitreux  est  derive  d'une  resine  de  polycarbodii- 
mide,  lequel  materiau  composite  peut  etre  obtenu  par  cuisson  d'un  melange  d'une  resine  de  polycarbodiimide  et 
d'un  carbone  actif  dans  une  atmosphere  non  oxydante  ;  ledit  melange  comprend  0,5-100  parties  en  poids  en  tant 
que  solide  du  carbone  vitreux  pour  100  parties  en  poids  du  carbone  actif;  et  la  cuisson  est  entreprise  a  une 
temperature  de  600°C  ou  plus. 

2.  Materiau  composite  carbone  vitreux-carbone  actif  selon  la  revendication  1  ou  le  carbone  actif  est  en  poudre,  en 
particules  ou  fibreux. 

3.  Procede  de  production  d'un  materiau  composite  carbone  vitreux-carbone  actif  selon  la  revendication  1  qui  com- 
prend  la  cuisson  d'un  melange  d'une  resine  de  polycarbodiimide  et  d'un  carbone  actif  dans  une  atmosphere  non 
oxydante. 

4.  Procede  de  production  d'un  materiau  composite  carbone  vitreux-carbone  actif  selon  la  revendication  1  qui  com- 
prend  le  moulage  d'un  melange  d'une  resine  de  polycarbodiimide  et  d'un  carbone  actif  pour  obtenir  un  article 
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moule  d'une  forme  souhaitee  et  la  cuisson  de  I'article  moule  dans  une  atmosphere  non  oxydante. 

Procede  selon  la  revendication  3  ou  4  ou  le  carbone  actif  est  en  poudre,  en  particules  ou  fibreux. 

Electrode  polarisable  a  utiliser  dans  un  condensateur  electrique  a  deux  couches,  laquelle  electrode  se  compose 
d'un  materiau  composite  carbone  vitreux-carbone  actif  selon  la  revendication  1  ou  le  carbone  vitreux  est  derive 
d'une  resine  de  polycarbodiimide. 

Electrode  polarisable  selon  la  revendication  6  ou  le  materiau  composite  carbone  vitreux-carbone  actif  peut  etre 
obtenu  par  cuisson  d'un  melange  d'une  resine  de  polycarbodiimide  et  d'un  carbone  actif  dans  une  atmosphere 
non  oxydante. 

Electrode  polarisable  selon  la  revendication  6,  ou  le  carbone  actif  est  en  poudre,  en  particules  ou  fibreux. 
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