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©  Process  for  fabricating  activated  carbon  supporting  honeycomb  structure. 

©  A  process  for  fabricating  an  activated  carbon 
supporting  honeycomb  structure  is  disclosed  which 
comprises  the  following  steps:  dipping  an  inorganic 
fiber  made  paper  in  a  suspension  of  fine  particulate 
activated  carbon  and  a  binder  or  coating  the  suspen- 
sion  over  the  inorganic  fiber  made  paper;  drying  the 
paper  so  that  the  activated  carbon  will  fill  the  voids 
between  fibers  in  the  paper;  superposing  sheets  of 

—the  activated  carbon  filled  paper  alternately  with  cor- 
^rugated  sheets  of  the  same  paper;  and  bonding  the 

individual  sheets  together  with  an  adhesive  to  form  a 
honeycomb  structure. 
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PROCESS  FOR  FABRICATING  ACTIVATED  CARBON  SUPPORTING  HONEYCOMB  STRUCTURE 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  honeycomb 
structure  that  supports  activated  carbon  and  which  s 
has  the  ability  to  adsorb  or  decompose  gases.  The 
present  invention  also  relates  to  a  process  for 
fabricating  such  a  honeycomb  structure. 

When  large  volumes  of  gas  are  to  be  treated 
with  activated  carbon  in  an  attempt  at  adsorbing  or  w 
decomposing  a  certain  component  of  the  gas,  it  is 
desirable  that  the  activated  carbon  used  as  the 
treatment  medium  should  experience  the  lowest 
possible  pressure  loss.  To  satisfy  this  need,  JP-A- 
60-90808  (the  term  "JP-A"  as  used  herein  means  is 
an  "unexamined  published  Japanese  patent  ap- 
plication")  has  proposed  that  a  material  for  ac- 
tivated  carbon  be  extruded  in  a  honeycomb  shape, 
carbonized  and  further  activated  for  use  as  ac- 
tivated  carbon  in  decomposing  the  ozone  in  an  20 
ozone-containing  gas.  This  honeycomb  structure 
has  an  activated  carbon  loading  of  300g  per  liter  of 
unit  volume  and  assures  high  performance  as 
evidenced  by  a  benzene  or  methanol  adsorption  of 
50  mg/L  and  an  ozone  decomposition  efficiency  of  25 
85%  after  the  passage  of  80h.  However,  it  is  dif- 
ficult  to  fabricate  large  and  robust  honeycomb 
structures  by  extrusion  molding  and  the  applicable 
structure  that  is  proposed  in  JP-A-60-90808  has 
been  limited  to  small  sizes.  In  addition,  this  prac-  30 
tically  all  carbon  honeycomb  structure  has  had  the 
following  disadvantages  in  spite  of  large  adsorption 
capacity  perunit  weight;  because  of  the  tendency 
of  activated  carbon  to  consolidate,  not  all  of  the 
activated  carbon  provides  an  effective  surface  for  35 
adsorption;  a  cumbersome  treatment  is  necessary 
such  as  activation  that  follows  shaping;  the  hon- 
eycomb  structuure  is  prone  to  cracking  and  re- 
quires  very  careful  handling;  the  structure  is  too 
expensive  to  be  used  in  various  field.  40 

A  method  is  also  known  in  which  paper  is 
made  from  a  mixture  or  organic  fibers  (e.g.  pulp) 
and  activated  carbon  and  a  honeycomb  structure  is 
fabricated  from  the  resulting  activated  carbon  con- 
taining  paper.  However,  this  method  is  unable  to  45 
achieve  a  high  loading  of  activated  carbon  (the 
maximum  will  be  about  70g  per  liter  of  paper 
volume)  and  the  honeycomb  structure  fabricated 
has  not  been  satisfactory  in  terms  of  adsorption 
capacity  or  service  life.  50 

An  object,  therefore,  of  the  present  invention  is 
to  provide  a  high-performance  honeycomb  struc- 
ture  that  supports  activated  carbon  as  the  principal 
adsorbent  and  which  is  available  in  any  desired 
size.  Another  object  of  the  present  invention  is  to 
provide  a  process  for  fabricating  such  a  honey- 
comb  structure. 

The  present  invention  successfully  attains  the 
first  object  by  providing  honeycomb  structure  com- 
prising  an  inorganic  fiber  made  paper  of  high  void 
factor  and  activated  carbon  that  is  loaded  and  fixed 
in  the  voids  between  fibers  in  said  paper.  The 
present  invention  attains  the  second  object  by  pro- 
viding  a  process  for  fabricating  an  activated  carbon 
supporting  honeycomb  structure  comprising  the 
following  steps:  dipping  an  inorganic  fiber  made 
paper  in  a  suspension  of  fine  particulate  activated 
carbon  and  a  binder  or  coating  said  suspension 
over  the  inorganic  fiber  made  paper;  drying  the 
paper  so  that  the  activated  carbon  will  fill  the  voids 
between  fibers  in  the  paper,  superposing  sheets  of 
the  activated  carbon  filled  paper  alternately  with 
corrugated  sheets  of  the  same  paper;  and  bonding 
the  individual  sheets  together  with  an  adhesive  to 
form  a  honeycomb  structure. 

In  a  preferred  embodiment,  the  honeycomb 
structure  of  the  present  invention  has  at  least  70 
g/L  (of  paper  volume)  of  activated  carbon  loaded  in 
the  voids  between  fibers  in  the  inorganic  fiber 
made  paper  having  a  void  factor  of  at  least  60%. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  side  view  showing  how  corrucated 
sheets  of  paper  are  superposed  alternately  with  flat 
sheets  of  the  same  paper  in  the  honeycomb  struc- 
ture  of  the  present  invention; 

Fig.  2  is  a  perspective  view  showing  an 
example  of  the  honeycomb  structure  of  the  present 
invention;  and 

Fig.  3  is  a  graph  showing  the  results  of  tests 
conducted  to  investigate  the  ability  of  ozone  de- 
composition  of  the  products  fabricated  in  Examples 
1  and  2  and  the  comparative  sample. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

SUMMARY  OF  THE  INVENTION  The  process  for  fabricating  the  honeycomb 
structure  of  the  present  invention  is  described 
hereinafter  in  detail. 
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The  inorganic  fibers  from  which  paper  is  to  be 
made  are  preferably,  but  not  limited  to,  glass  fibers 
having  a  thickness  of  about  6  -  9  um  and  a  length 
of  about  8-12  mm  that  are  formed  of  E  glass  or  C 
glass.  Paper  may  be  made  from  these  inorganic 
fibers  by  a  customary  method,  desirably  under 
such  conditions  that  the  resulting  paper  will  have 
an  inter-fiber  void  factor  of  at  least  about  60%  and 
a  thickness  of  about  0.1  -  1.0  mm.  The  paper  is 
then  loaded  with  activated  carbon  which  should  be 
in  the  form  of  fine  particles  with  a  size  of  about  20 
-  60  um.  The  fine  particulate  activated  carbon  is 
suspended  in  water  together  with  a  binder  desir- 
ably  in  an  amount  not  exceeding  one  half  the 
amount  of  the  activated  carbon.  Acrylic  and 
vinylidene  chloride  binders  that  maintain  flexibility 
in  a  dried  state  are  preferred  since  they  facilitate 
corrugation  that  is  to  be  subsequently  effected  on 
the  paper.  The  suspension  is  absorbed  by  the 
paper  by  either  dipping  or  coating  (a  flame-retar- 
dant  paper  can  be  produced  if  a  flame-retardant  is 
incorporated  in  the  suspension  of  activated  car- 
bon).  By  subsequent  drying,  the  activated  carbon 
will  be  loaded  in  the  voids  between  fibers  in  the 
paper  and  fixed  to  the  fibers  by  means  of  binder.  If 
the  void  factor  of  the  paper  is  60%  or  more,  the 
above-described  method  enables  activated  carbon 
to  be  easily  loaded  in  paper  in  an  amount  of  at 
least  70  g/L  (of  paper  volume)  or  at  least  30  g/m2 
(provided  that  the  paper  thickness  is  on  the  order 
of  0.1  mm). 

Part  of  carbon  loaded  the  paper  thus  obtained 
is  corrugated  by  a  conventional  method,  and  as 
shown  in  Fig.  1,  sheets  of  the  corrugated  paper  1 
are  superposed  alternately  with  flat  sheets  of  the 
same  paper  2,  and  adjacent  sheets  of  paper  are 
bonded  at  respective  points  of  contact  by  means  of 
an  adhesive  so  as  to  fabricate  a  honeycomb  struc- 
ture  of  the  type  shown  in  Fig.  2.  A  suitable  adhe- 
sive  that  may  be  used  is  selected  from  among 
acrylic  binders  and  colloidal  silica. 

The  so  fabricated  product  may  be  put  to  use 
as  a  medium  for  treatment  of  gases  without  being 
subjected  to  any  special  activation  treatment. 

As  described  above,  the  activated  carbon  sup- 
porting  honeycomb  structure  of  the  present  inven- 
tion  has  a  large  amount  of  activated  carbon  loaded 
in  the  voids  between  fibers  in  an  inorganic  fiber 
made  paper  of  high  void  factor.  Thus,  not  only 
does  it  have  an  adsorption  (or  decomposition)  ca- 
pacity  substantially  comparable  to  that  of  the  prior 
art  extrusion-molded  honeycomb  structure  of  ac- 
tivated  carbon  but  it  can  be  readily  produced  in 
large  sizes  that  have  been  previously  impossible 
with  the  extrusion  technique.  The  process  of  the 
present  invention  eliminates  the  need  to  activate 
carbon  after  it  has  been  molded  into  a  bulky  hon- 
eycomb  structure  and  this  enables  products  of  high 

dimensional  precision  to  be  obtained  at  low  cost 
and  in  an  easy  way.  As  a  further  advantage,  the 
skeleton  provided  by  the  inorganic  fibers  will  mini- 
mize  dimensional  changes  due  to  moisture  and 

5  impart  high  chemical  resistance  and  good  me- 
chanical  durability.  Compared  to  the  honeycomb 
structure  fabricated  from  paper  that  is  made  from  a 
mixture  of  pulp  and  activated  carbon,  the  hon- 
eycomb  structure  of  the  present  invention  features 

70  high  adsorption  capacity  since  it  permits  a  much 
greater  amount  of  activated  carbon  to  be  sup- 
ported.  Making  paper  from  a  mixture  of  pulp  and 
activated  carbon  will  suffer  inevitable  loss  in  the 
costly  activated  carbon  but  this  problem  is  prac- 

75  tically  absent  from  the  process  of  the  present  in- 
vention  which  performs  loading  of  activated  carbon 
following  the  making  of  paper. 

Another  advantage  of  the  present  invention  lies 
in  the  high  degree  of  freedom  in  choosing  the  type 

20  and  characteristics  of  activated  carbon  to  be  sup- 
ported  because  it  is  not  limited  by  such  factors  as 
the  ease  of  paper  making  and  extrusion  moldabil- 
ity. 

In  vinylidene  chloride  is  used  as  a  binder,  it 
25  also  serves  as  a  flame  retardant  and  a  honeycomb 

structure  having  improved  flame  retardancey  can 
be  obtained  without  using  any  of  the  special  flame 
retardant  mentioned  below. 

Products  that  support  not  only  activated  carbon 
30  but  also  a  flame  retardant  such  as  an 

organophosphorus-containing  nitrogenous  com- 
pound  or  antimony  trioxide  will  exhibit  a  high  de- 
gree  of  flame  retardance  because  the  added  flame 
retardant  combined  with  the  inorganic  fibers  serv- 

35  ing  to  provide  a  skelton  for  the  structure. 
Having  the  features  described  above,  the  hon- 

eycomb  structure  of  the  present  invention  may  be 
used  as  filters  for  ozone  decomposition,  deodoriza- 
tion,  as  catalyst  supports,  or  for  various  other  pur- 

40  poses. 
The  present  invention  is  hereunder  illustrated 

by  way  of  examples. 

45  Example  1 

Paper  0.2  mm  thick  that  had  an  inter-fiber  void 
factor  of  94%  was  made  from  E  glass  fibers 
(diameter,  9  um;  length,  10  mm)  and  coated  with  a 

so  slurry  containing  activated  carbon  (specific  surface 
area,  1,300  m2/g)  and  an  acrylic  binder  in  an 
amount  one  tenth  oif  the  activated  carbon  content. 
The  coatred  slurry  was  dried.  Part  of  the  resulting 
paper  (activated  carbon  loading,  450  g/L  of  paper 

55  volume  or  90  g/m2)  was  corrugated.  As  shown  in 
Fig.  1,  sheets  of  the  corrugfated  paper  1  were 
superposed  alternately  with  flat  sheets  of  the  same 
paper  2  and  adjacent  sheets  were  bonded  together 

3 
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at  respective  points  of  contact  of  means  of  an 
acrylic  binder  containing  a  thickener.  As  a  result,  a 
honeycomb  structure  of  the  type  shown  in  Fig.  2 
was  fabricated  (cell  width,  ca.  3  mm;  cell  height, 
ca.  2  mm;  open  area,  ca.  70%). 

The  ability  of  this  activated  carbon  supporting 
honeycomb  structure  to  decompose  ozone  was 
examined  under  the  following  conditions: 
Air  supply  rate:  1  .0  m/sec 
Ozone  concentration  in  air  feed:  1  .2  ppm 
Thickness  of  honeycomb  structureparallel  to  the 
direction  of  air  supply:  20  mm 

For  comparison,  the  same  test  was  conducted 
on  an  activated  carbon  supporting  honeycomb 
structure  (activated  carbon  supported  in  an  amount 
of  70  g/L  of  paper  volume)  produced  from  paper 
that  had  been  made  from  a  mixture  of  pulp  and 
activated  carbon  loaded  up  to  a  theoretically  possi- 
ble  level.  The  results  are  shown  in  Fig.  3. 

10 

15 

5.  A  process  according  to  claim  1  wherein  said 
inorganic  fiber  made  paper  has  a  thickness  of  0.1  - 
1.0  mm. 

6,  A  process  according  to  claim  1  wherein  said 
binder  is  vinylidene  chloride. 

20 

Example  2 

An  activated  carbon  supporting  honeycomb 
structure  was  fabricated  as  in  Example  1  except  25 
that  vinuylidene  chloride  was  used  as  the  binder  in 
the  coating  slurry  which  contained  activated  car- 
bon.  The  fabricated  product  exhibited  a  high  de- 
gree  of  flame  retardancy.  This  honeycomb  struc- 
ture  was  subjected  to  the  same  test  as  conducted  30 
in  Example  1  .  The  results  are  also  shown  in  Fig.  3. 

Claims 
35 

1  .  A  process  for  fabricating  an  activated  carbon 
supporting  honeycomb  structure  comprising  the 
following  steps:  dipping  an  inorganic  fiber  made 
paper  in  a  suspension  of  fine  particulate  activated 
carbon  and  a  binder  or  coating  said  suspension  40 
over  the  inorganic  fiber  made  paper;  drying  the 
paper  so  that  the  activated  carbon  will  fill  the  voids 
between  fibers  in  the  paper;  superposing  sheets  of 
the  activated  carbon  filled  paper  alternately  with 
corrugated  sheets  of  the  same  paper;  and  bonding  45 
the  individual  sheets  together  with  an  adhesive  to 
form  a  honeycomb  structure. 

2.  A  process  according  to  claim  1  where  said 
inorganic  fiber  made  paper  has  a  void  factor  of  at 
least  60%.  50 

3.  A  process  according  to  claim  1  wherein  said 
inorganic  fiber  made  paper  has  a  void  factor  of  90  - 
96%. 

4.  A  process  according  to  claim  1  wherein  said 
actrivated  carbon  is  loaded  in  an  amount  of  70  g  55 
per  liter  of  paper  volume. 

4 
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