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©  A  regenerable  filter  for  the  exhaust  gas  of  an  internal-combustion  engine. 
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©  A  filter  cartridge  (23)  comprises  a  wall  (24) 
formed  of  a  porous  and  electrically  conductive  ma- 
terial.  Two  electrodes  (29,  31)  of  opposite  polarity 
are  connected  to  two  parts  (32,  33)  of  the  wall  (24), 
which  are  mutually  positioned  so  that,  by  supplying 
electrical  energy  to  the  two  electrodes  (29,31),  cur- 
rent  is  induced  to  flow  along  an  oblong  zone  (36)  of 

F i g .   2  

the  wall  (24)  itself  thus  bringing  about  the  combus- 
tion  of  the  residual  products  of  the  combustion  of  the 
gas  present  in  said  zone  (36),  and  thus  initiating  the 
regeneration  of  the  cartridge  (23).  The  porous  ma- 
terial  is  preferably  formed  of  partly  sintered  and/or 
catalysed  metallic  powders  or  fibres. 
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The  present  invention  relates  to  a  regenerable 
filter  for  the  exhaust  gas  of  an  internal-combustion 
engine.  In  particular,  the  invention  relates  to  a  filter 
which  can  be  disposed  along  an  exhaust  pipe  of  an 
internal-combustion  engine,  said  filter  comprising  a 
filter  layer  for  collecting  the  residual  products  of  the 
combustion  of  the  gases,  and  electrical  means 
which  can  be  actuated  to  supply  electrical  energy 
to  the  filter  layer,  so  as  to  initiate  the  regeneration 
of  the  filter  itself. 

Various  types  of  filters  are  known,  in  which 
said  electrical  means  comprise  resistive  elements 
which  are  excited  so  as  to  initiate  the  regeneration 
of  the  filter.  In  one  known  type,  said  resistive 
elements  are  disposed  upstream  of  the  filter  and, 
when  current  flows  through  them,  they  cause  the 
temperature  of  the  gases  to  rise  by  Joule  effect, 
which  then  act  on  the  filter  surface. 

This  solution  involves  high  consumption  of 
electrical  energy,  which  is  associated  with  the  risk 
of  excessive  loss  of  charge  from  the  vehicle's 
battery.  Moreover,  the  continuity  of  the  filter  layer 
in  the  various  sections  can  enable  extensive  and 
violent  combustion  to  occur.  Additionally,  since  the 
heating  takes  place  by  convection  and  radiation, 
the  total  electrical  energy  supplied  is  always  con- 
siderably  greater  than  that  required  to  initiate  lo- 
cally  the  combustion  of  the  residues.  To  overcome 
these  drawbacks  filters  have  been  devised  which 
comprise  a  series  of  sections  which  can  be  regen- 
erated  cyclically  in  sequence. 

Filters  have  also  been  proposed,  in  which  the 
filter  layer  is  formed  by  an  electrically  resistive 
material.  This  layer,  which  is  optionally  subdivided 
into  a  series  of  bands,  is  connected  to  electrodes 
so  that  the  electric  current  flows  completely 
through  each  band  during  the  respective  excitation. 
These  filters  have  a  certain  degree  of  complexity  in 
their  construction  because  of  the  necessary  cutting 
off  of  the  power  supply. 

It  is  the  object  of  the  invention  to  devise  a 
regenerable  filter  for  the  exhaust  gas  of  an  internal- 
combustion  engine,  which  is  of  the  utmost  simplic- 
ity,  has  the  maximum  operating  reliability  and 
which  obviates  the  above-mentioned  disadvantages 
of  known  filters. 

This  object  is  achieved  by  the  regenerable 
filter  according  to  the  invention,  which  comprises  a 
filter  layer  for  collecting  the  residual  products  of  the 
combustion  of  said  gas,  said  layer  being  formed  of 
a  porous  and  electrically  conductive  material,  and 
electrical  means  which  can  be  actuated  to  supply 
electrical  energy  to  said  layer,  and  is  characterised 
in  that  said  electrical  means  comprise  at  least  two 
electrodes  of  opposite  polarity  connected  to  two 
corresponding  parts  of  said  layer  and  such  that,  by 
supplying  said  energy,  current  is  caused  to  flow 
along  an  oblong  zone  of  said  layer  disposed  be- 

tween  said  electrodes,  said  current  being  of  an 
intensity  such  that  the  temperature  is  raised  so  as 
to  induce  the  combustion  of  said  products  in  said 
zone,  thus  initiating  the  regeneration  of  said  layer 

5  starting  from  said  zone. 
With  a  view  to  a  better  understanding  of  the 

invention,  preferred  embodiments  thereof  will  now 
be  described  below,  by  way  of  example,  with  refer- 
ence  to  the  accompanying  drawings,  wherein: 

io  Figure  1  is  a  schematic  section  through  a  re- 
generable  filter  for  the  exhaust  gas  of  an  inter- 
nal-combustion  engine  constructed  in  accor- 
dance  with  the  present  invention; 
Figure  2  is  a  view  in  perspective  of  the  filter  in 

75  Figure  1  ; 
Figure  3  is  a  section  through  a  part  of  the  filter 
in  Figure  1  ,  on  a  greatly  enlarged  scale; 
Figures  4,  5  and  6  are  views  in  perspective  of  a 
filter  layer  of  the  filter  in  Figure  2,  according  to 

20  the  same  number  of  embodiments  of  the  inven- 
tion; 
Figure  7  is  a  front  view  of  the  filter  layer  in 
Figure  6; 
Figure  8  is  a  view  in  perspective  of  the  filter 

25  layer  of  the  filter  in  Figure  2,  according  to  an- 
other  embodiment  of  the  invention; 
Figure  9  is  a  diagram  showing  a  zone  for  initiat- 
ing  the  regeneration  of  the  filter; 
Figures  10  and  11  are  two  diagrams  of  two 

30  alternative  electric  circuits  used  to  control  the 
initiation  of  the  regeneration  of  the  filter; 
Figure  12  is  a  section  through  a  filter  according 
to  a  variant  of  Figure  2; 
Figure  13  is  a  section  through  a  part  of  a  filter 

35  according  to  a  variant  of  Figure  3; 
Figures  14  and  15  are  two  partial  views  in  per- 
spective  of  two  variants  of  Figures  4  and  5. 

Referring  now  to  Figure  1,  the  reference  nu- 
meral  12  generally  denotes  a  filter  for  the  exhaust 

40  gas  of  an  internal-combustion  engine,  which  can  be 
mounted  in  the  pipe  for  said  gas  in  the  vicinity  of 
the  engine  block.  The  filter  12  comprises  a  sub- 
stantially  cylindrical  outer  casing  13  which,  at  one 
end,  is  connected  with  an  inlet  pipe  14  and,  at  the 

45  other  end,  is  connected  via  a  frusto-conical  zone 
15  with  an  outlet  pipe  16. 

The  casing  13  is  provided  with  an  annular 
solid-wall  flange  17  fixed  thereto  level  with  the  inlet 
pipe  14.  Additionally,  the  casing  13  is  provided  with 

50  a  solid-wall  disc  18  carried  by  a  perforated  annular 
flange  19  fixed  thereto  level  with  the  frusto-conical 
zone  15.  The  two  flanges  17  and  19  are  provided 
with  annular  supports  21  and  22  to  form  a  seating 
which  can  accommodate  a  removable  filter  car- 

55  tridge  23. 
The  cartridge  23  (Figure  2)  substantially  com- 

prises  a  layer  of  porous  filter  material  in  the  form  of 
a  substantially  tubular  wall  24.  In  particular,  the  wall 
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24  (Figures  3  and  13)  may  comprise  a  powdered 
and/or  fibre  metallic  material,  optionally  partially 
sintered,  so  as  to  cement  the  metallic  particles 
together  only  in  given  microzones  27. 

Alternatively,  the  filter  material  may  be  com- 
posed  of  compacted  steel  filaments.  Moreover, 
there  can  be  added  to  the  material  a  noble  catalytic 
material,  such  as  platinum,  rhodium  and  the  like, 
which  can  lower  the  temperature  at  which  the  com- 
bustion  of  the  exhaust  gas  residues  is  initiated  and, 
therefore,  of  the  regeneration  of  the  filter  itself. 

In  Figure  2  the  wall  24  is  substantially  cylin- 
drical,  Alternatively,  according  to  the  variant  of  Fig- 
ure  12,  the  wall  24  can  be  pleated  or  formed  by 
zones  24'  bent  in  zig-zag  fashion,  so  as  increase 
the  transit  surface  thereof  for  the  exhaust  gas, 
thereby  reducing  the  speed  of  transit  inside  the 
filter  material.  Optionally,  it  may  be  contained  in  a 
cylindrical  casing  (not  shown  in  the  drawing). 

In  any  case,  the  material  used  should  impart  to 
the  wall  24  a  sufficient  degree  of  permeability  to 
the  exhaust  gas,  electrical  resistivity  and  thermal 
conductivity  within  predetermined  values.  Depend- 
ing  on  the  consistency  of  the  material  of  the  wall 
24,  the  latter  can  be  supported  partly  or  wholly  by 
a  mesh  or  metal  netting  26,  as  will  be  explained 
more  precisely  below. 

In  particular,  according  to  the  variant  of  Figure 
3,  the  netting  26  is  disposed  only  on  the  outer 
surface  of  the  wall  24  and  wholly  accommodates 
the  wall  24  on  its  inside.  According  to  the  variant  of 
Figure  13,  two  coaxial  nettings  26  are  provided, 
disposed  respectively  on  the  outer  surface  and 
inner  surface  of  the  wall  24;  said  solution  is  neces- 
sary  when  the  filter  material  is  composed  of  said 
steel  filaments  to  be  maintained  compacted. 

Each  netting  26  comprises  a  series  of  suitably 
interwoven  metal  filaments  28  and  exhibits  suffi- 
cient  mechanical  strength.  Additionally,  it  makes  it 
possible  to  graduate  the  electrical  resistance  of  the 
wall  24,  for  example  by  varying  the  diameter  of  the 
filaments  28  forming  the  aforementioned  mesh. 

The  exhaust  gases,  which  enter  the  filter  (Fig- 
ure  2)  through  the  inlet  pipe  14,  pass  through  the 
cartridge  23  thus  depositing  the  so-called  par- 
ticulate,  i.e.  the  solid  and  aerosol  residues  of  com- 
bustion,  in  the  interstices  of  the  wall  24.  The  ex- 
haust  gases  filtered  in  this  way,  through  the  wall 
26,  pass  into  the  annular  chamber  formed  by  the 
casing  13,  from  where  they  exit  through  the  ex- 
haust  pipe  16.  The  residues  progressively  clog  the 
wall  24  and  thus  reduce  its  permeability,  whereby 
at  intervals  it  is  necessary  to  regenerate  said  wall 
24  by  burning  these  residues. 

According  to  one  feature  of  the  invention,  at 
least  two  electrodes  of  opposite  polarity  29  and  31 
(Figure  9)  are  connected  to  two  corresponding 
parts  32  and  33  of  the  wall  24.  The  two  electrodes 

29  and  31  are  connected  through  an  electric  circuit, 
which  will  be  described  in  more  detail  below,  to  the 
poles  of  a  battery  35  (Figures  11  or  12),  generally 
the  battery  of  the  motor  vehicle,  and/or  with  the 

5  onboard  electrical  generator.  By  exciting  the  elec- 
trodes  29  and  31  (Figure  9)  a  flow  of  current  is 
induced  in  the  wall  24.  The  current  density  through 
the  wall  24  is  at  maximum  along  the  shortest  path 
between  the  two  electrodes  29  and  31  and  de- 

io  creases  gradually  as  the  path  between  said  parts 
increases. 

In  this  way  an  oblong  zone  36  (Figure  9)  is 
defined  between  the  two  electrodes  29  and  31,  in 
which  said  current  density  is  sufficiently  high  to 

is  cause  the  combustion  of  the  exhaust  gas  residues 
to  be  initiated.  However,  outside  the  zone  36,  the 
current  density  is  not  sufficient  to  induce  this  com- 
bustion  to  be  initiated. 

The  zone  36  is  substantially  in  the  form  of  a 
20  strip  of  the  wall  24,  which  is  of  a  width  increasing 

from  each  of  the  parts  32  and  33  towards  the 
centre  of  the  zone  36  itself,  following  the  natural 
course  of  the  lines  of  equal  current  density  in  the 
wall  24.  In  Figure  9,  the  lines  of  equal  current 

25  density  in  the  zone  36  are  continuous,  whereas  the 
lines  of  equal  current  density  outside  the  zone  36 
are  dashed. 

According  to  the  embodiment  of  Figure  4,  the 
wall  24  has  two  straight  edges  37  and  38  which  are 

30  parallel  to  the  axis  of  the  cylinder  and  which  are 
joined  together  by  means  of  a  bar  39  of  insulating 
material.  In  particular,  the  two  edges  37  and  38  are 
superimposed  on  one  another  and  are  welded  on 
two  opposite  surfaces  of  the  bar  39  so  as  to  form  a 

35  substantially  annular  section  of  the  wall  24  but 
which  is,  in  fact,  in  the  form  of  a  convolution  of  a 
spiral. 

The  electrodes  29  and  31  are  connected  to  the 
parts  32  and  33  which  are  disposed  on  two  op- 

40  posite  surfaces  of  the  wall  24.  The  zone  36  is  of  a 
width  increasing  from  the  two  parts  32  and  33 
towards  the  position  diametrically  opposed  to  the 
parts  32  and  33.  The  parts  32  and  33  can  be 
disposed  in  adjacent  positions  to  an  annular  edge 

45  41  of  the  wall  24,  as  shown  in  Figure  4.  Advanta- 
geously,  the  edge  41  can  be  disposed  in  alignment 
with  the  inlet  pipe  14  (Figure  1)  of  the  casing  13. 

When  the  electric  current  flows  through  the 
electrodes  29  and  31,  the  zone  36  rapidly  reaches 

50  the  combustion  temperature  of  the  unburnt  exhaust 
gas  residues  accumulated  in  the  interstices  of  the 
wall  24.  The  combustion  of  the  residues  is  then 
initiated  in  the  zone  36;  said  combustion  is  propa- 
gated  successively  along  the  axis  of  the  wall  24. 

55  Therefore,  even  if  the  flow  of  electric  current 
through  the  electrodes  29  and  31  is  interrupted,  the 
combustion  continues,  thereby  progressively  re- 
generating  the  entire  filter. 

3 
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Therefore,  it  is  evident  that,  to  regenerate  the 
filter  23,  the  electrical  energy  is  required  only  to 
raise  the  temperature  of  a  zone  36  of  the  wall  24, 
of  limited  area  and  for  a  reduced  time,  thereby 
effecting  a  considerable  reduction  in  power  con- 
sumption  and  an  increase  in  the  life  of  the  battery 
35  (Figures  10  and  11). 

According  to  the  variant  of  Figure  14,  instead 
of  a  bar  39  of  insulating  material  extending  over  the 
entire  length  of  the  edges  37  and  38,  an  insulating 
part  39'  is  provided  solely  to  separate  the  two  end 
parts  32  and  33  of  the  zone  36  from  one  another. 
In  this  variant  it  is  intended  to  reduce  the  netting, 
here  designated  26',  to  supporting  substantially 
only  the  zone  36.  However,  a  similar  reduced  net- 
ting  can  also  be  provided  for  the  variant  of  Figure 
4. 

According  to  the  embodiment  of  Figure  5,  the 
edges  37  and  38  of  the  wall  24  are  situated  adja- 
cent  one  another  and  are  separated  by  a  bar  42  of 
insulating  material.  The  two  electrodes  29  and  31 
are  connected  to  two  parts  32  and  33  disposed  on 
the  same  surface  of  the  wall  24,  in  alignment  with 
the  straight  edges  37  and  38  and  the  annular  edge 
41.  The  initiating  zone  36  is  here  of  perfectly 
annular  shape  and  of  a  width  decreasing  towards 
each  part  32  and  33.  The  initiation  and  propagation 
of  regeneration  are  analogous  to  those  in  the  em- 
bodiment  of  Figure  4. 

According  to  the  variant  of  Figure  15,  the  bar 
42  can  be  replaced  with  a  part  42'  of  insulating 
material,  limited  to  the  electrical  separation  be- 
tween  the  two  parts  32  and  33,  as  is  the  case  in 
Figure  14.  In  Figure  15  it  is  also  intended  to  reduce 
the  netting  26'  to  supporting  only  the  zone  36. 

According  to  the  embodiment  of  Figures  6  and 
7,  the  two  straight  edges  37  and  38  of  the  wall  24 
are  situated  adjacent  one  another  and  are  directly 
welded  together.  The  two  electrodes  29  and  31  are 
connected  to  two  parts  32  and  33  disposed  on  the 
same  surface  of  the  wall  24,  in  two  positions  dia- 
metrically  opposite  the  edge  41  . 

The  initiating  zone  36  is  here  perfectly  ring- 
shaped  and  has  two  semi-annular  symmetrical 
strips  36',  36".  Each  strip  36',  36"  is  of  a  width 
decreasing  from  the  centre  towards  the  two  parts 
32  and  33  of  the  wall  24.  In  this  case  too,  the 
initiating  and  propagation  of  regeneration  are  analo- 
gous  to  those  in  the  embodiment  of  Figure  4. 

According  to  the  embodiment  of  Figure  8,  the 
two  edges  37  and  38  of  the  wall  24  are  situated 
adjacent  one  another  and  are  directly  welded  to- 
gether,  as  in  the  embodiment  of  Figure  6.  One  of 
the  two  electrodes  29  and  31,  for  example  the 
positive  electrode  29,  is  connected  to  a  part  43 
disposed  on  the  centre  line  of  a  generator  of  the 
cylinder.  However,  the  other  electrode  is  replaced 
by  two  electrodes  44,  both  of  which  are  supplied 

by  the  negative  pole  of  the  battery  34.  The  two 
electrodes  are  connected  to  two  parts  46  disposed 
at  the  two  opposite  ends  of  the  same  generator  of 
the  part  43. 

5  An  initiating  zone  48,  which  has  two  paths  48', 
48"  disposed  along  said  generator,  is  now  formed 
between  the  electrodes  29  and  44.  Each  path  48', 
48"  is  of  a  width  decreasing  from  the  centre  to- 
wards  the  part  43  and  towards  two  parts  46  of  the 

io  wall  24.  The  initiation  of  regeneration  thus  takes 
place  in  the  zone  48  which  extends  over  the  entire 
length  of  the  wall  24.  However,  the  propagation  of 
the  regeneration  takes  place  from  the  zone  48 
proceeding  in  a  circular  direction  parallel  to  said 

is  generator. 
The  supply  circuit  for  the  electrodes  29,  31 

(Figures  4-7,  14  and  15)  or  29,  44  (Figure  8) 
comprises,  in  addition  to  said  battery  35  (Figures 
10  and  11),  a  switch  49  which  is  actuated  in  known 

20  manner  to  control  the  regeneration  of  the  filter. 
According  to  the  embodiment  of  Figure  10,  a 

thermistor  51  with  a  positive  temperature  coeffi- 
cient  (PTC)  is  disposed  in  series  with  the  switch 
49,  the  resistivity  of  which  thermistor  increases  with 

25  temperature.  The  PTC  51  is  disposed  in  the  vicinity 
of  the  wall  24  so  as  to  assume  substantially  the 
temperature  of  the  latter. 

When  the  switch  49  is  closed,  if  the  wall  24  is 
cold,  as  is  the  case  when  the  engine  is  being 

30  started,  the  resistivity  of  the  PTC  51  is  low  and, 
therefore,  a  high  electric  current  flows  through  the 
zone  36  or  48  so  that,  in  any  case,  any  residues  of 
the  gases  are  caused  to  undergo  combustion  in 
said  zone  36  or  48,  thus  initiating  the  regeneration 

35  of  the  filter  cartridge  23.  However,  if  the  tempera- 
ture  of  the  wall  24  is  high,  as  is  the  case  when  the 
engine  is  running  at  the  normal  operating  condition, 
the  resistivity  of  the  PTC  51  increases  and,  there- 
fore,  a  lower  electric  current  flows  through  the  zone 

40  36  or  48,  which  is  sufficient  to  initiate  the  regenera- 
tion  of  the  filter  cartridge  23.  In  this  way  the  con- 
sumption  of  electrical  energy  for  this  initiating  pro- 
cedure  is  always  reduced  to  the  minimum  required. 

According  to  the  embodiment  of  Figure  11,  in 
45  series  with  the  switch  49  there  is  disposed  a  sec- 

ond  switch  52  which  is  controlled  by  a  control 
circuit  53  of  the  type  known  as  a  "chopper".  The 
duty  cycle  of  the  chopper  circuit  53  is  reduced  as 
the  temperature  detected  by  a  temperature  sensor 

50  54  increases.  The  latter  essentially  comprises  a 
thermocouple  (TC)  which  can  detect  the  tempera- 
ture  of  the  wall  24,  whereby  the  chopper  circuit  53 
is  controlled  retroactively  by  the  thermocouple  54. 

When  the  temperature  of  the  wall  24  is  rela- 
55  tively  low,  the  thermocouple  54  controls  the  chop- 

per  circuit  53  in  such  a  way  as  to  actuate  the 
switch  52,  thus  causing  the  electric  current  to  flow 
through  the  zone  38  or  48  for  a  relatively  long  time. 

4 
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When  the  temperature  sensed  by  the  thermocouple 
54  increases,  the  signal  generated  by  the  ther- 
mocouple  54  itself  induces  a  reduction  in  the  duty 
cycle  of  the  output  signal  generated  by  the  chop- 
per  circuit  53,  whereby  the  electric  current  flows 
through  the  zone  36  or  48  of  the  wall  24  for  a  time 
which  on  average  is  less  than  that  previously  in- 
dicated.  In  this  way,  the  consumption  of  electrical 
energy  for  initiating  the  regeneration  is  always  re- 
duced  to  a  minimum. 

The  advantages  of  the  filters  of  the  invention 
with  respect  to  the  known  filters  are  obvious  from 
the  foregoing.  Firstly,  there  is  a  reduction  in  the 
zone  36  or  48  to  be  excited  by  means  of  the  power 
supplied  by  the  battery  35  of  the  motor  vehicle, 
thus  increasing  its  life.  In  addition,  a  gradual  regen- 
eration  is  obtained,  thus  avoiding  overheating  of  the 
wall  24  of  the  filter  cartridge  23.  Finally,  the  initiat- 
ing  cycle  can  be  controlled  periodically  in  an  auto- 
matic  manner. 

In  particular,  the  use  of  porous  metallic  material 
which  is  electroconductive  and  has  controlled  ther- 
mal  conduction  makes  possible: 

-  a  local  electric  initiating  procedure  with  a 
reduction  in  the  power  and  electrical  energy 
used; 

-  graduation  of  the  permeability  and  thermal 
conduction  so  as  to  allow  the  continuation  of 
regeneration  of  the  filter,  without  any  shut- 
ting-off  of  the  exhaust  gas; 

-  utilisation  of  the  resistance  to  oxidisation  and 
of  the  thermal  conductivity  of  the  filter  to 
absorb  temperature  peaks  in  the  filter  without 
damage,  even  in  the  event  of  accidental 
switching-off  and  the  resultant  overloading 
with  particulate,  prior  to  the  subsequent  re- 
generation. 

It  is  evident  that  various  modifications  and  im- 
provements  can  be  made,  without  departing  from 
the  scope  of  the  claims. 

For  example,  the  parts  32  and  33  of  the  wall 
24,  in  the  embodiments  of  Figures  4-7,  14  and  15, 
can  be  arranged  in  such  a  way  that  the  zone  36  is 
in  alignment  with  the  centre  line  of  the  wall  24.  In 
this  case,  the  propagation  of  regeneration  takes 
place  by  advancing  in  two  opposite  directions,  par- 
allel  to  the  axis  of  the  cylinder  of  the  wall  24. 

Moreover,  in  the  embodiment  of  Figure  8,  a 
single  electrode  44  can  be  provided  which  is  con- 
nected  to  a  part  46,  whereas  the  electrode  29  can 
be  connected  to  the  other  part  46  disposed  at  the 
end  of  the  same  generator  of  the  cylinder  of  the 
wall  24.  The  arrangement  of  the  electrodes  in  Fig- 
ures  4-8,  14  and  15  may  also  be  applied  to  the  wall 
24  in  accordance  with  the  variant  of  Figure  12. 

It  is  also  evident  that  the  shape  (cylindrical  or 
pleated)  of  the  wall  24  should  not  be  considered  to 
be  restrictive. 

Claims 

1.  A  regenerable  filter  for  the  exhaust  gas  of  an 
internal-combustion  engine,  comprising  a  filter 

5  layer  (24)  for  collecting  the  residual  products 
of  the  combustion  of  said  gas,  said  layer  (24) 
being  formed  of  a  porous  and  electrically  con- 
ductive  material,  and  electrical  means  (35,  29, 
31,  44)  which  can  be  actuated  to  supply  elec- 

io  trical  energy  to  said  layer  (24),  characterised  in 
that  said  electrical  means  (35,  29,  31,  44) 
comprise  at  least  two  electrodes  of  opposite 
polarity  connected  to  two  corresponding  parts 
(32,  33;  43,  46)  of  said  layer  (24)  and  such 

is  that,  by  supplying  said  energy,  current  is  caus- 
ed  to  flow  along  an  oblong  zone  (36,  48)  of 
said  layer  (24)  disposed  between  said  two 
electrodes  (29,  31;  29,  44),  said  current  being 
of  an  intensity  such  that  the  temperature  is 

20  raised  so  as  to  induce  the  combustion  of  said 
products  in  said  zone  (36,  48),  thus  initiating 
the  regeneration  of  said  layer  (24)  starting  from 
said  zone  (36,  48). 

25  2.  A  filter  according  to  Claim  1  ,  in  which  said  wall 
(24)  is  disposed  in  an  outer  casing  (13)  pro- 
vided  with  at  least  one  inlet  pipe  (14)  and  with 
an  outlet  pipe  (16),  characterised  in  that  said 
filter  layer  is  in  the  form  of  a  substantially 

30  tubular  wall  (24)  and  is  accommodated  in  a 
seating  (19,  21)  of  said  casing  (13)  substan- 
tially  coaxial  with  said  pipes  (14,  16). 

3.  A  filter  according  to  Claim  2,  characterised  in 
35  that  said  tubular  wall  (24)  is  substantially  cylin- 

drical. 

4.  A  filter  according  to  Claim  2,  characterised  in 
that  said  tubular  wall  (24)  is  of  pleated  dia- 

40  metral  section,  essentially  formed  by  a  series 
of  zig-zag  portions  (24'). 

5.  A  filter  according  to  any  one  of  Claims  2  to  4, 
characterised  in  that  said  zone  (36)  is  formed 

45  by  a  substantially  annular  portion  of  said  wall 
(24),  whereby  said  regeneration  propagates  ax- 
ially  along  said  wall  (24). 

6.  A  filter  according  to  Claim  5,  characterised  in 
50  that  two  end  parts  (32,  33)  of  said  annular  zone 

(36)  are  separated  by  a  part  (39',  42')  of  in- 
sulating  material,  said  electrodes  (29,  31)  be- 
ing  connected  to  said  two  end  parts  (32,  33), 
whereby  said  zone  (36)  is  developed  along  the 

55  entire  circumference  of  said  annular  part. 

7.  A  filter  according  to  Claim  5,  characterised  in 
that  said  wall  has  two  straight  edges  (36,  37) 

5 
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connected  by  a  bar  (39,  42)  of  insulating  ma- 
terial,  said  electrodes  (29,  31)  being  connected 
to  said  two  parts  (32,  33)  of  said  edges  (37, 
38),  whereby  said  zone  (36)  is  developed 
along  the  entire  circumference  of  said  annular 
part. 

8.  A  filter  according  to  Claim  6  or  7,  charac- 
terised  in  that  said  part  (39')  or  said  bar  (39)  of 
insulating  material  is  disposed  between  two 
opposite  surfaces  of  said  edges  (37,  38)  which 
are  superimposed  so  as  to  form  a  spiral  sec- 
tion  for  said  wall  (24). 

9.  A  filter  according  to  Claim  6  or  7,  charac- 
terised  in  that  said  part  (42')  or  said  bar  (42)  of 
insulating  material  is  disposed  between  said 
edges  (37,  38)  of  said  wall  (24)  and  that  said 
electrodes  (29,  31)  are  connected  on  the  same 
surface  of  said  wall  (24). 

10.  A  filter  according  to  Claim  3  or  4,  charac- 
terised  in  that  said  electrodes  (29,  31)  are 
connected  to  two  diametrically  opposite  parts 
(32,  33)  of  said  annular  part,  whereby  said 
zone  (36)  is  developed  along  two  half-circum- 
ferences  (36',  36")  of  said  annular  part. 

11.  A  filter  according  to  any  one  of  Claims  2  to  10, 
characterised  in  that  said  zone  (36)  is  disposed 
on  an  annular  edge  (41)  of  said  wall  (24) 
adjacent  said  inlet  pipe  (14). 

12.  A  filter  according  to  any  one  of  Claims  2  to  4, 
characterised  in  that  said  electrodes  (29,  44) 
are  disposed  along  the  same  generator  of  said 
wall  (24),  whereby  said  regeneration  propa- 
gates  circumferentially  on  said  wall  (24). 

13.  A  filter  according  to  Claim  12,  characterised  in 
that  an  electrode  (29)  of  predetermined  polarity 
is  disposed  on  a  central  part  (43)  of  said 
generator,  whereas  two  electrodes  (44)  of  op- 
posite  polarity  to  said  predetermined  polarity 
are  disposed  on  two  end  parts  (46)  of  said 
generator,  said  zone  (48)  being  formed  by  two 
segments  (48',  48")  which  are  developed  in 
opposite  directions  along  said  generator. 

14.  A  filter  according  to  any  one  of  the  preceding 
Claims,  characterised  in  that  said  filter  layer 
(24)  is  composed  of  a  powdered  or  fibre  metal- 
lic  material  which  is  compacted  in  such  a  way 
as  to  form  a  structure  which  is  gas-permeable 
and  is  electrically  conductive. 

15.  A  filter  according  to  Claim  15,  characterised  in 
that  said  material  is  partially  sintered  so  as  to 

form  a  spongy  structure  having  a  series  of 
micro-zones  (27)  which  cement  together  the 
particles  of  said  material. 

5  16.  A  filter  according  to  Claim  14,  characterised  in 
that  said  material  is  formed  from  steel  fila- 
ments. 

17.  A  filter  according  to  Claim  5  and  any  one  of 
io  Claims  14  to  16,  characterised  in  that  said 

material  is  supported  at  least  at  the  level  of 
said  zone  (36)  by  a  metal  netting  (26,  26') 
which  can  graduate  the  electric  resistance  and 
mechanical  strength  of  said  zone  (24). 

15 
18.  A  filter  according  to  Claim  17,  characterised  in 

that  said  metal  netting  (26)  entirely  covers  the 
outer  surface  of  said  wall  (24). 

20  19.  A  filter  according  to  Claim  17,  characterised  in 
that  the  inner  surface  and  the  outer  surface  of 
said  wall  (24)  are  supported  by  two  coaxial 
metal  nettings  (26). 

25  20.  A  filter  according  to  any  one  of  the  preceding 
Claims,  characterised  in  that  said  electrodes 
(29,  31  ;  29,  44)  are  actuated  under  the  control 
of  an  intermittent  control  element  (51,  54) 
which  is  sensitive  to  the  pressure  of  said  ex- 

30  haust  gas  and/or  to  the  temperature  of  said 
wall  (24). 

21.  A  filter  according  to  Claim  20,  characterised  in 
that  said  control  element  comprises  a  ther- 

35  mistor  (51)  with  a  positive  temperature  coeffi- 
cient  which  can  sense  said  temperature  and  is 
disposed  in  series  with  said  electrodes  (29,  31  ; 
29,  44). 

40  22.  A  filter  according  to  Claim  20,  characterised  in 
that  said  control  element  comprises  a  ther- 
mocouple  (54)  which  can  sense  said  tempera- 
ture  and  control  retroactively  a  chopper  circuit 
(53)  for  controlling  the  regeneration. 

45 
23.  A  filter  according  to  any  one  of  the  preceding 

Claims,  characterised  by  comprising  a  catalyst 
material  added  to  said  porous  and  electrically 
conductive  material  forming  said  layer  (24), 

50  said  catalyst  material  being  able  to  lower  the 
temperature  at  which  the  combustion  of  said 
residual  products  is  initiated. 

55 
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