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Description 

The  present  invention  relates  to  the  formation  of  smoking  articles  by  extrusion  and  foaming  of  a 
tobacco-containing  mixture. 

5  U.S.  Patent  4,510,950,  issued  16th  April  1985  and  the  corresponding  European  Patent  Application, 
published  under  No.  0113595  on  18th  July  1984,  describe  a  method  in  which  a  substantially  cylindrical 
smoking  article  is  extruded  under  conditions  such  that  the  water  in  the  wet  blend  fed  to  the  extruder  die  is 
converted  to  steam,  thereby  foaming  the  article.  The  article  is  monolithic,  that  is,  it  is  extruded  as  a  single 
strand  with  a  diameter  of  typically  about  8  mm  if  the  article  is  a  cigarette. 

10  Although  that  article  represents  an  advance  over  the  art,  in  certain  cases  the  article  has  been  found  to 
soften  sufficiently  during  smoking  to  cause  the  article  to  collapse.  Additionally,  in  some  cases  the 
resistance-to-draw  (RTD)  of  the  article  has  been  too  high  and/or  difficult  to  control. 

Accordingly,  there  is  a  continuing  need  for  smoking  articles  that  can  be  manufactured  easily,  whose 
RTD  and  other  physical  properties  can  be  easily  controlled  within  desired  ranges,  and  which  are  well 

15  accepted  in  the  marketplace. 
In  accordance  with  the  present  invention  there  is  provided  a  method  of  making  a  foamed,  extruded, 

tobacco-containing  smoking  article  comprising  forming  a  wet  blend  containing  15%  to  50%  of  water  and 
the  remainder,  on  a  dry  weight  basis,  comprising  5  to  98  weight  %  of  tobacco  particles  having  a  particle 
size  up  to  4  mm,  (5  mesh),  from  0  to  60  weight  %  of  a  filler  having  a  particle  size  of  not  more  than  350  urn, 

20  and  from  2  to  40  wt.%  of  a  binder  from  the  group  consisting  of  celluiosic  binders,  natural  binders,  modified 
natural  binders,  synthetic  binders,  and  mixtures  thereof,  extruding  the  wet  blend  through  a  die  having  a 
plurality  of  holes  to  form  a  plurality  of  strands  and  twisting  the  extruded  strands  together,  the  strands  being 
foamed  by  the  conversion  of  some  of  the  moisture  to  steam  and  adhered  together  to  form  a  smoking 
article. 

25  The  invention  also  provides  a  foamed  extruded,  tobacco-containing,  smoking  article  comprising  a 
plurality  of  co-extruded  strands  twisted  together  that  extend  generally  along  the  longitude  of  the  smoking 
article  and  are  adhered  to  one  another  so  as  to  leave  tortuous  flow  passageways  between  the  strands, 
which  passageways  extend  generally  along  the  longitude  of  the  smoking  article,  the  smoking  article  also 
comprising  on  a  dry  weight  basis  (a)  from  5  to  98  wt.%  of  tobacco  particles  having  a  particle  size  of  up  to 

30  about  4  mm  (5  mesh),  (b)  from  0  to  60  wt.%  of  a  filler  having  a  particle  size  of  up  to  about  350  um,  and  (c) 
from  about  2  to  40  wt.%  of  a  binder  selected  from  the  group  consisting  of  celluiosic  binders,  natural 
binders,  modified  natural  binders,  synthetic  binders,  and  mixtures  thereof,  and  further  comprising  (d)  from 
about  5  to  about  20  wt.%  water  calculated  as  a  percentage  of  the  total  product  weight,  the  article  having  a 
density  within  the  range  of  from  about  0.05  to  about  1.5  g/cc. 

35  The  binder  in  the  article  may  be  selected  from  the  groups  of  (1)  celluiosic  binders  consisting  of 
hydroxypropyl  cellulose,  carboxymethyl  cellulose  and  its  sodium,  potassium,  and  ammonium  salts, 
cross-linked  carboxymethyl  cellulose  and  its  sodium,  potassium,  and  ammonium  salts,  hydroxyethyl 
cellulose,  ethyl  hydroxyethyl  cellulose,  hydroxypropyl  methyl  cellulose,  methyl  cellulose,  ethyl  cellulose, 
and  mixtures  thereof;  or  (2)  natural  binders,  modified  natural  binders,  and  synthetic  binders  consisting  of 

40  pectin  and  its  ammonium,  sodium,  and  potassium  salts,  starch,  guar  and  derivatives  thereof, 
hemicellulose,  xanthan,  curdlan,  a  salt  of  xanthamonas  gum,  carageenan,  alginic  acid  and  its  ammonium, 
sodium,  and  potassium  salts,  chitosan  and  its  water  soluble  salts  oxycellulose,  polyvinyl  maleic  acid 
polymer  and  its  ammonium,  sodium,  and  potassium  salts,  microcrystalline  cellulose,  dextran,  dextrin, 
fibrous  cellulose,  and  mixtures  thereof;  or  (3)  a  mixture  of  celluiosic,  natural,  modified  natural,  or  synthetic 

45  binders. 
In  one  embodiment,  the  method  ("Method  A")  includes  the  steps  of: 
(a)  dry  blending  (i)  from  about  5  to  about  98  wt.%  of  tobacco  particles  having  a  particle  size  of  up  to 

about  5  mesh  and  an  OV  value  of  from  about  3  to  about  20%  with  (ii)  from  0  to  about  60  wt.%  of  a  filler 
having  a  particle  size  of  up  to  about  350  um,  and  (iii)  from  about  2  to  about  40  wt.%  of  a  binder,  ail  on  a  dry 

so  weight  basis  and 
(b)  admixing  the  dry  blend  from  step  (a)  with  water  to  form  a  wet  blend  for  extrusion  containing  from 

about  15  to  about  50  wt.%  of  water. 
In  an  alternative  embodiment,  the  method  ("Method  B")  includes  the  steps  of: 
(1)  dry  blending  from  about  5  to  about  98  wt.%  of  tobacco  particles  having  a  particle  size  of  up  to  about 

55  5  mesh  and  an  OV  value  of  from  about  3  to  about  20%  with  from  0  to  about  60  wt.%  of  a  filler  having  a 
particle  size  of  up  to  about  350  um; 

(2)  prehydrating  from  2  to  40  wt.%  of  a  binder  by  mixing  the  binder  with  water  to  activate  the  adhesive 
character  of  the  binder; 

(3)  admixing  the  dry  blend  from  step  (1)  and  the  prehydrated  binder  from  step  (2)  to  form  a  wet  blend 
60  for  extrusion  containing  from  about  15  to  about  50  wt.%  of  water. 

The  smoking  article  of  this  invention  is  easy  to  manufacture  and  its  TRD  and  other  physical  properties 
can  be  easily  controlled  within  desired  ranges.  Additionally,  the  multistrand,  coherent  smoking  article 
displays  a  surprising  combination  of  properties.  Its  stiffness  and  resistance  to  collapse  are  significantly 
better  than  a  single  strand's  but  the  RTD,  density,  taste,  and  other  properties  are  still  within  commercially 

65  favourable  ranges. 
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That  is  surprising  because  the  physical  complexity  of  manufactured  smoking  articles  is  such  that 
correcting  one  unfavorable  product  variable  usually  results  in  another  becoming  unfavorable.  For  example, 
the  stiffness  of  the  single  strand  smoking  article  could  be  rendered  favorable  by  increasing  the  density  or 
changing  the  composition  but  the  former  change  would  require  excessive  amounts  of  tobacco  per  article 

5  and  raise  its  RTD  and  the  latter  change  would  probably  change  the  taste  of  the  article. 
Other  advantages  of  the  present  invention  will  be  apparent  from  this  specification. 

Brief  description  of  the  drawings 
To  facilitate  further  discussion  of  the  invention,  the  following  drawings  are  provided  in  which: 

10  Figure  1  is  a  perspective  view  of  the  end  of  the  barrel  of  an  extruder  showing  the  preferred  die  of  this 
invention; 

Figure  2  is  a  side  sectional  view  taken  along  line  2  —  2  of  Figure  1; 
Figure  3  is  a  perspective  view  of  the  die; 
Figure  4  is  a  front  view  of  the  die; 

15  Figure  5  is  a  side  sectional  view  taken  along  line  5  —  5  of  Figure  4; 
Figure  6  shows  the  layout  of  the  holes  of  the  die; 
Figure  7  is  a  perspective  view  showing  the  steaming  strands  of  tobacco-containing  material  leaving  the 

extruder  barrel  of  Figure  1; 
Figure  8  is  a  perspective  view  showing  a  smoking  article  of  this  invention; 

20  Figure  9  is  an  end  view  of  the  distal  end  of  the  smoking  article;  and 
Figure  10  is  a  side  sectional  view  taken  along  line  10  —  10  of  Figure  9. 

Detailed  description  of  the  invention 
The  extruded,  coherent,  multistrand,  generally  cylindrical  smoking  article  of  this  invention  comprises  a 

25  plurality  of  co-extruded  strands  that  are  adhered  to  one  another  as  a  result  of  the  co-extrusion  process  used 
to  make  the  article  or  during  post-extrusion  processing  of  the  extruded  strands.  The  adherence  results  in 
the  article  being  "coherent",  that  is,  a  unitary  structure  of  strands  sufficiently  joined  to  one  another  rather 
than  being  a  mere  assemblage  of  separate  or  insufficiently  joined  strands.  The  strands  are  "co-extruded"  in 
the  sense  that  they  exit  different  holes  of  the  same  die,  desirably  at  substantially  the  same  linear  velocity  as 

30  one  another.  In  the  preferred  embodiment,  the  strands  are  randomly  adhered  to  one  another  leaving 
randomized  pathways  along  the  length  of  the  article. 

The  configuration  of  the  strands  and  passageways  provides  sufficient  heat  transfer  area  or  sufficient 
residence  time  or  both  for  the  hot  gases  drawn  towards  the  proximal  end  of  the  smoking  article  by  a 
smoker  to  cool  and  to  exit  the  proximal  end  at  a  comfortable  temperature  for  the  smoker.  By  "comfortable 

35  temperature"  is  meant  less  than  66°C  (150°F),  usually  less  than  57°C  (135°F),  preferably  less  than  49°C 
(120°F),  and  most  preferably  less  than  38°C  (100°F). 

If  the  strands  are  separate  or  if  they  are  insufficiently  joined,  strands  may  move  longitudinally  and  fall 
out  of  the  smoking  article  or  the  strands  may  move  radially  and  the  smoking  article  may  lose  its  generally 
cylindrical  shape.  Furthermore,  the  random  adherence  in  combination  with  the  propert  arrangement  of  the 

40  strands  to  form  the  randomized  passageways  between  the  strands  prevents  any  extensive  channeling  of 
the  gas/aerosol  drawn  by  the  smoker.  Such  channeling  prevents  the  gas/aerosol  from  contacting  sufficient 
surface  area  and/or  from  having  sufficient  residence  time  in  the  smoking  article  to  cool  the  gas/aerosol 
sufficiently.  The  "coherent"  nature  of  the  multistrand  smoking  article  is  such  that  it  has  the  look  and  feel  of 
a  smoking  article  (e.g.,  cigarette)  made  by  a  conventional  process.  The  twisting  of  the  coherent  strands  or 

45  rope  across  the  channeling  of  the  smoke  through  the  passageways.  This  forms  a  more  tortuous  path, 
increasing  the  path  length  and  increasing  the  relative  RTD. 

The  tobacco  used  herein  may  be  any  type  of  tobacco  and  will  generally  be  comminuted  tobacco 
selected  from  the  group  consisting  of  bright,  burley,  oriental,  and  mixtures  thereof,  comminuted 
reconstituted  tobacco,  comminuted  stems,  tobacco  dust  or  fines,  and  mixtures  thereof.  The  tobacco  may 

50  have  been  previously  subjected  to  a  stiffening  or  expansion  process  to  increase  its  filling  power.  The 
smoking  article  contains  from  about  5  wt.%  to  about  98  wt.%  tobacco  and  preferably  from  about  25—98 
wt.%. 

The  tobacco  is  measured  on  a  dry  weight  basis  but  in  practice  may,  for  example,  contain  3  to  20% 
moisture.  Where  a  dry  tobacco  dust  is  used  some  water  may  be  added  to  increase  the  moisture  content  of 

55  the  tobacco  in  order  to  facilitate  mixing  of  the  dry  blend.  The  moisture  in  the  dry  blend,  whether  added  or 
occurring  in  the  constituent  materials,  is  included  as  part  of  the  water  content  of  the  wet  blend. 

Whatever  the  source  of  the  tobacco  particles,  the  particles  employed  in  the  present  invention  will  have 
a  particle  size  of  up  to  about  5  mesh  (4  mm).  Preferably,  substantially  all  the  particles  will  be  less  than  35 
mesh  (500  mm),  and  more  preferably  will  be  less  than  50  mesh  (300  mm).  When  particle  sizes  greater  than 

60  35  mesh  are  employed,  it  may  be  necessary  to  add  a  polyfunctional  acid,  such  as  citric  or  phosphoric  acid 
and  their  ammonium,  sodium,  and  potassium  salts,  during  formation  of  the  wet  blend  in  order  to  achieve 
the  desired  appearance  and  foaming  of  the  extruded  article.  The  polyfunctional  acid  or  its  salts  is  added  in 
an  amount  such  that  the  smoking  article  contains  from  about  0.1  to  about  1  5  wt.%  thereof,  preferably  from 
about  2  to  about  10  wt.%. 

65  The  binder  is  preferably  selected  from  the  group  consisting  of  celluiosic  binder,  natural  binders, 
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modified  natural  binders,  synthetic  binders  and  mixtures  thereof.  The  celluiosic  binder  is  selected  from  the 
group  consisting  of  hydroxypropyl  cellulose,  carboxymethyl  cellulose  and  its  sodium,  potassium,  and 
ammonium  salts,  cross-linked  carboxymethyl  cellulose  and  its  sodium,  potassium,  and  ammonium  salts, 
hydroxyethyl  cellulose,  ethyl  hydroxyethyl  cellulose,  hydroxypropyl  methyl  cellulose,  methyl  cellulose, 

5  ethyl  cellulose,  and  mixtures  thereof. 
A  mixture  of  carboxymethyl  cellulose  and  hydroxypropyl  cellulose  is  particularly  preferred.  The 

celluiosic  binder  is  present  in  the  smoking  article  in  an  amount  of  from  0  to  about  40  wt.%  and  preferably 
from  about  1  to  about  30  wt.%. 

The  natural  binders,  modified  natural  binders,  and  synthetic  binders  are  selected  from  the  group 
w  consisting  of  pectin  and  its  sodium,  potassium,  and  ammonium  salts,  starch,  guar,  chitin,  chitosan, 

xanthan,  and  derivatives  thereof  (e.g.,  hydroxypropyl  guar),  hemicellulose,  curdlan,  a  salt  of  xanthamonas 
gum,  carageenen,  oxycellulose,  polyvinyl  alcohol,  vinyl  maleic  anhydride  polymer,  vinyl  maleic  acid 
polymer  and  its  sodium,  potassium,  and  ammonium  salts,  microcrystalline  cellulose,  dextran,  dextrin, 
fibrous  cellulose,  and  mixtures  thereof.  The  natural,  modified  natural,  and  synthetic  binders  are  present  in 

75  the  smoking  article  in  an  amount  from  0  to  about  40  wt.%. 
The  total  amount  of  binder  present  in  the  smoking  article  is  in  the  range  from  about  2  to  about  40  wt.%. 

A  typical  binder  combination  is  5  wt.%  hydroxypropyl  cellulose,  2.5  wt.%  carboxymethyl  cellulose,  and  2.5 
wt.%  starch.  Another  typical  combination  is  1  wt.%  hydroxypropyl  cellulose,  4  wt.%  hydroxypropyl  guar 
and  5  wt.%  starch. 

20  The  article  may  also  include  as  a  filler  any  particulate  material  having  a  particle  size  of  up  to  about  350 
um  that  is  compatible  with  the  other  components  of  the  blend.  The  filler  is  preferably  selected  from  the 
group  consisting  of  calcium  carbonate,  magnesium  carbonate,  calcium  oxide,  magnesium  oxide,  calcium 
hydroxide,  magnesium  hydroxide,  metallic  aluminum,  alumina,  hydrated  alumina,  clay,  silica,  and 
mixtures  thereof  and  preferably  is  calcium  carbonate.  When  the  filler  is  added,  it  is  added  in  an  amount  so 

25  that  it  is  from  about  5  to  about  60  wt.%  of  the  smoking  article. 
The  dried  or  equilibrated  smoking  article  contains  from  about  5  to  about  20  wt.%  water  calculated  as  a 

percentage  of  the  total  product  weight,  which  is  typically  measured  as  oven  volatiles  (OV).  Preferably,  the 
smoking  article  remains  from  about  8  to  about  17  wt.%  water. 

The  smoking  article  has  a  density  of  from  about  0.05  to  about  1.5  g/cc,  preferably  from  about  0.10  to 
30  about  1.0  g/cc.  The  articles  comprise  a  porous  structure  that  permits  static  burning  and  the  passage  of 

smoke  (gas/aerosol)  through  the  article  to  the  smoker.  The  density  of  the  article  is  related  to  the  porous 
structure  and  the  voids  created  between  the  strands,  and  an  article  having  a  density  within  the  specified 
range  and  having  the  randomized  passageways  of  this  invention  provides  good  burn  rate  and  transmission 
of  smoke  to  the  smoker. 

35  The  smoking  articles  may  also  include  from  about  0.001  to  about  1  wt.%  of  an  alcohol  compatible  with 
the  celluiosic  binder,  that  is,  an  alcohol  in  which  the  celluiosic  binder  is  soluble.  That  alcohol  is  selected 
from  the  group  consisting  of  ethanol,  methanol,  isopropanol,  n-propanol,  and  mixtures  thereof.  The 
alcohol  present  in  the  smoking  article  may  result  from  adding  alcohol  during  the  formation  of  the  article  to 
lower  the  moisture  content  of  the  extrudate  at  the  die  or  may  be  residual  alcohol  as  a  result  of  adding  flavor 

40  casings. 
The  smoking  article  may  also  contain  from  about  0.1  to  about  40  wt.%,  preferably  from  about  0.5  to 

about  20  wt.%,  of  a  cross-linking  or  stiffening  agent.  The  stiffening  agent  which  is  added  prior  to  extrusion 
and  then  cross-linked  during  extrusion  is  selected  from  the  group  consisting  of  alginic  acid,  carboxymethyl 
chitin,  pectinic  acid,  chitosan,  carboxymethyl  chitosan,  water  soluble  salts  thereof,  and  mixtures  thereof. 

45  From  about  0.1  to  10.0  wt.%  of  a  water  soluble  salt  of  calcium,  magnesium,  and/or  aluminium  may  also  be 
used. 

The  smoking  articles  are  preferably  formed  as  generally  cylindrical,  coherent,  multistrand  articles 
having  a  diameter  of  from  about  2  to  about  35  mm.  preferably  from  about  4  to  about  25  mm.  Alternate 
cross-sectional  configurations  may  be  made  with  an  appropriate  die,  for  example,  oval,  star-shaped, 

so  cylindrical,  and  the  like,  or  shaped  appropriately  in  a  post-extrusion  process.  These  rods  are  typically  made 
in  conventional  cigarette  or  cigar  lengths  and  may  be  wrapped  with  cigarette  paper,  a  cigar  wrapper,  or  a 
co-extruded  shell  of  combustible  material  or  the  like.  The  articles  may  be  thus  marketed  as  non-filtered 
"cigarettes"  or  as  "cigars".  A  conventional  filler  may  be  joined  to  the  "cigarette"  by  tipping  paper  to  form  a 
filtered  smoking  article. 

55  Various  flavorants  and/or  humectants  that  are  commonly  employed  in  the  manufacture  of  smoking 
'  articles  may  be  added  prior  to  extrusion  or  may  be  subsequently  added  to  the  extruded  article. 

The  method  of  the  present  invention  comprises  mixing  or  blending  together  tobacco  particles  with 
binder,  filler,  cross-linking  or  stiffening  agent,  and  any  other  desired  ingredient  with  water  to  form  a  wet 
blend,  and  extruding  the  wet  blend  through  a  die  having  a  plurality  of  holes,  thereby  forming  a  plurality  of 

so  strands,  the  extrusion  conditions  being  such  that  the  moisture  in  the  blend  is  converted  to  steam  so  as  to 
foam  each  strand  as  it  exits  the  die  of  the  extruder  and  the  strands  adhere  to  one  another  when  they  are 
twisted  together.  The  strands  may  also  be  processed  by  the  application  of  an  adhesive,  similar  material,  or 
other  manufacturing  process  under  conditions  that  will  produce  a  tacky  surface  on  the  individual  strands  so 
that  the  strands  will  adhere  to  each  other  along  their  outer  surfaces. 

65  Mixing  of  the  tobacco,  celluiosic  binder,  filler,  water,  and  other  desired  ingredients  may  be  carried  out 
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in  any  conventional  mixing  device.  The  resulting  mixture  is  to  be  a  wet  blend  containing  from  about  15  to 
about  50  wt.%  of  water. 

One  embodiment  of  the  present  invention,  Method  A,  comprises  the  steps:  (a)  dry  blending  tobacco 
particles  with  binder,  filler,  and  any  other  desired  ingredient;  (b)  admixing  this  dry  blend  with  water  to  form 

s  a  wet  blend;  and  (c)  extruding  the  wet  blend  through  a  die  having  a  plurality  of  holes  in  accordance  with  the 
extrusion  conditions  set  forth  above  so  as  to  foam  each  strand  and  adhere  the  strands  to  one  another. 

An  alternate  and  preferred  embodiment,  Method  B,  comprises  the  steps  (1)  dry  blending  tobacco 
particles  with  filler,  and  any  other  desired  ingredient,  (2)  prehydrating  the  binder  material  with  water  to 
activate  the  adhesive  character  of  the  binder,  (3)  admixing  the  dry  blend  and  the  prehydrated  binder  to 

10  form  a  wet  blend,  and  (4)  extruding  the  wet  blend  through  a  die  having  a  plurality  of  holes  under  the 
extrusion  conditions  set  forth  above  so  as  to  foam  each  strand  and  adhere  the  strands  to  one  another. 

Referring  to  Method  A,  blending  in  step  (a)  may  be  carried  out  in  any  conventional  mixing  device.  The 
dry  blend  from  step  (a)  is  then  admixed  in  step  (b)  with  water  to  form  a  wet  blend  containing  from  about  15 
to  about  50  wt.%  of  water.  Step  (b)  is  carried  out  in  a  conventional  mixing  device,  such  as  a  horizontal 

15  mixing  cylinder,  and  it  is  preferred  to  employ  a  low  shear  mixing  device. 
Referring  to  Method  B,  step  (2),  prehydrating  the  binder  and  other  desired  materials  with  water  can  be 

carried  out  in  any  conventional  mixing  device.  Similarly,  step  (1),  dry  blending  of  tobacco  particles,  filler, 
and  other  desired  materials,  can  be  carried  out  in  any  conventional  mixing  device.  Step  (3),  admixing  the 
prehydrated  binder  from  step  (2)  and  the  dry  blend  from  step  (1)  can  also  be  done  in  a  conventional  mixing 

20  device.  In  this  context,  the  resulting  wet  blend  can  then  be  fed  to  the  feed  chamber  of  the  extruder  as 
described  in  greater  detail  below.  In  a  preferred  embodiment,  Method  B  is  used  in  conjunction  with  a  twin 
screw  positive  mass  displacement  extruder  having  multiple  feed  ports.  Step  (2)  prehydration  is  performed 
by  adding  the  binder  materials  to  a  first  feed  port  of  the  extruder  and  by  adding  the  water  or  similar  solvent 
to  a  second  feed  port  a  distance  downstream  of  the  first  feed  port  so  that  as  a  charge  of  binder  in  inserted,  it 

25  is  processed,  sheared,  and  homogenized  as  it  progresses  down  the  extrusion  barrels.  Then  it  is  admixed 
with  the  water  as  it  passes  the  second  port,  prehydrating  the  binder  as  the  materials  are  displaced  down  the 
extruder  barrel.  Step  (1),  dry  blending  the  tobacco,  filler,  and  other  materials  occurs  in  a  conventional 
mixing  device  and  is  added  in  a  blended  state  to  the  extruder  barrel  by  a  third  feed  port,  a  distance 
downstream  of  the  second  port.  Thus  the  prehydrated  binder  material  from  step  (2)  is  admixed  with  the 

30  tobacco  and  other  materials  from  step  (1)  in  a  continuous  feed  process. 
The  amount  of  water  present  in  the  wet  blend  is  important.  If  the  water  content  is  reduced  to  less  than 

about  15  wt.%,  shear  at  the  die  may  increase  so  much  that  the  surface  of  the  extruded  product  becomes 
porous  and  rough  and  a  less  than  desirable  degree  of  foaming  results.  At  water  contents  in  excess  of  about 
50  wt.%  insufficient  energy  may  be  supplied  to  the  formulation  to  generate  sufficient  foam  as  the  product 

35  exits  the  die.  Also,  more  energy  maybe  required  to  dry  the  product  to  a  useable  condition  or  to  cause  the 
strands  to  foam.  Too  little  or  too  much  water  also  prevents  the  extruded  strands  from  adhering  to  one 
another  to  the  proper  degree  to  form  a  coherent  multistrand  article  with  the  desired,  preferably 
randomized,  passageways.  A  post-extrusion  drying  chamber  may  be  provided  for  drying  the  product  to  the 
desired  temperature  and  moisture  level  to  achieve  the  desired  porous  structure.  Preferably,  the  drying 

40  chamber  comprises  a  microwave  cavity  and  the  product  is  exposed  to  microwaves  for  an  appropriate  time 
to  obtain  a  smoking  article  having  the  desired  density. 

Tobacco  particles  typically  are  generally  more  hygroscopic  than  binder,  absorbing  water  at  a  faster 
rate.  Any  water  absorbed  by  the  tobacco  in  excess  of  the  desired  final  moisture  content  of  between  5  and  20 
wt.%  must  be  removed,  typically  by  drying,  for  example,  using  microwave  energy.  Further,  the  lower  the 

45  moisture  content  of  the  resulting  extrudate,  the  easier  the  extrudate  will  be  to  handle  and  the  less  energy 
will  be  required  to  dry  the  extrudate. 

In  Method  A,  water  is  added  to  a  dry  blend  of  binder  and  tobacco  and  other  materials.  In  Method  B, 
water  is  added  to  the  dry  binder  first,  before  the  bulk,  if  not  all  of  the  tobacco  is  added.  Relatively  less  water 
may  be  required  in  Method  B  than  in  Method  A  to  activate  the  adhesive  character  of  the  binder  materials 

50  because  in  Method  B,  the  binder  materials  may  not  have  to  compete  with  any  or  any  significant  amount  of 
tobacco  to  utilize  the  water.  Thus,  Method  B  is  preferred  because  by  prehydrating  the  binder,  the  water  is 
delivered  to  the  binder  where  it  is  most  needed,  reducing  the  overall  amount  of  water  required  to  have  the 
same  strength  product  as  obtained  by  Method  A. 

A  further  consequence  of  prehydration  is  that  because  the  binder  is  exposed  to  most  of  the  water 
55  without  significant  competition,  it  becomes  more  fully  activated  in  both  quantity  and  quality  than  the 

binder  in  accordance  with  Method  A.  Therefore  the  amount  of  binder  required  to  hold  the  extrudate 
together  may  be  significantly  reduced  to  achieve  the  same  strength  extrudate  as  found  by  the  application 
of  Method  A.  Reducing  the  amount  of  binder  used  is  not  only  more  economical,  but  it  also  enhances  the 
subjective  factors  of  a  smoking  article,  taste,  feel,  aroma,  color,  and  quality  of  smoke.  The  less  binder  used, 

60  the  more  favorable  the  subjective  factors  will  be. 
Method  B  prehydration  produces  a  significantly  more  activated  binder  material  than  Method  A,  and  as 

a  result  the  prehydrated  binder  is  also  more  viscous.  Because  some  extruder  and  mixing  apparatus  cannot 
generate  the  forces  necessary  to  process  and  extrude  the  smoking  article  in  accordance  with  this  invention 
by  the  application  of  Method  B,  it  may  be  advantageous  to  dry  blend  with  the  binder  a  small  amount  of 

55  tobacco  particles,  preferably  an  amount  less  than  5  wt.%  of  the  tobacco,  a  small  amount  of  filler,  or  other 
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added  component,  and  then  prehydrate  the  blended  binder  and  tobacco  or  other  components.  The 
resultant  wet  blend  will  have  a  lower  viscosity  than  if  no  tobacco  or  other  component  were  present  and 
may  be  more  easily  processed  without  significantly  raising  the  moisture  content  of  the  mass. 

Also,  because  the  viscous  prehydrated  binder  can  become  very  sticky  and  adhere  to  the  mixing 
5  equipment,  it  is  advantageous  to  dry  blend  with  the  binder  a  small  amount  of  tobacco  particles,  filler 

material,  or  both.  The  amount  of  tobacco  added  is  preferably  less  than  about  5  wt.%  of  the  tobacco.  The  dry 
blend  is  then  prehydrated,  resulting  in  a  wet  blend  that  has  a  reduced  tendency  to  stick  to  the  processing 
equipment  and  is  relatively  easier  to  process  uniformly,  as  the  material  progresses  from  one  step  to  the 
next. 

w  Alternately,  a  portion  of  the  binder  may  be  dry  blended  with  the  tobacco  and  the  balance  of  the  binder 
prehydrated.  Because  of  the  relative  surplus  of  water  (later  taken  up  by  the  dry  blended  tobacco  and 
binder),  the  viscosity  will  be  lower  and  the  mass  easier  to  handle.  Although  having  a  somewhat  higher 
moisture  content  than  without  cross  mixing  tobacco  and  binder  in  steps  (1)  and  (2),  the  more  efficient 
activation  of  the  binder  results  in  a  dryer  and  stronger  extrudate  than  that  made  by  the  application  of 

15  Method  A. 
The  wet  blend  is  fed  into  an  extruder  and  processed  as  set  forth  in  greater  detail  below.  The  extruder 

may  be  a  single  screw  cooking  extruder,  which  is  a  high  temperature/short  residence  time  extruder  that  is 
essentially  an  Archimedean  pump.  That  type  of  extruder  has  been  employed  in  the  food  industry.  Other 
suitable  extruders  are  hydraulic  piston  extruders,  ram  extruders,  extruders  employing  an  extrusion 

20  chamber  consisting  of  a  male  auger  and  a  sleeve  which  incorporates  a  female  auger,  a  spacer  ring,  and  a 
face  plate  (or  die)  and  extruders  employing  twin  screws  having  a  positive  mass  displacement  extrusion 
action.  It  is  important  that  the  tobacco  particles,  the  binder,  and  any  additional  ingredients  be  mixed  to 
form  a  homogeneous  mixture  prior  to  extrusion.  It  may  be  desired  to  add  water  at  one  or  more  points  along 
the  extruder  barrel  to  control  the  moisture  content  of  the  mass,  for  example,  above  15%  OV. 

25  Optionally  a  foaming  agent  may  be  added  to  the  blend  in  Method  A  or  Method  B.  The  foaming  agent  is 
preferably  selected  from  the  group  consisting  of  air,  nitrogen,  carbon  dioxide,  nitrous  oxide,  ammonium 
carbonate,  ammonium  carbamate,  an  azide,  a  hydrazide,  pentane,  hexane,  heptane,  a  halogenated 
flurocarbon,  pyrrole,  acetone,  ethanol,  a  peroxide,  and  azodicarbonamide.  Some  of  these  foaming  agent 
may  require  the  addition  of  an  acid  or  a  base  for  decomposition.  The  foaming  agent  will  supplement  the 

30  foaming  effect  of  the  water  in  the  wet  blend  and  may  allow  the  use  of  lower  amounts  of  water.  The  final 
product  should  not  contain  more  than  1  wt.%  of  residual  foaming  agent. 

The  feeding  bin  is  a  common  starting  point  for  extruder  systems.  It  is  usually  located  near  the  extruder 
and  its  purpose  is  to  provide  a  continuous  source  of  raw  ingredients  for  the  rest  of  the  extruder  system.  The 
feeding  bin  receives  material  from  a  conventional  mixer/surge  system  and  it  usually  feeds  a  variable  speed 

35  metering/feeding  device.  A  simple  gravity  bin  with  bottom  discharge  may  be  used  as  the  feeding  bin  for  the 
ingredients  employed  in  a  dry  blending  step. 

Referring  to  Method  A,  a  variable  speed  metering/feeding  device  is  usually  employed  to  transport  the 
dry  blend  from  the  feeding  bin  to  the  extruder.  Water  may  then  be  added  either  at  the  point  of  entry  to  the 
extruder  or  at  one  or  more  locations  along  the  extruder  barrel.  Vibratory  feeders  and  variable  speed  screw 

40  feeders  are  two  commonly  used  metering/feeding  devices. 
An  intermediary  processing  device  such  as  a  horizontal  mixing  cylinder  with  either  a  single  shaft  or 

twin  counter-rotating  shafts,  may  be  utilized  to  admix  the  water  with  the  dry  blend  in  step  (b).  Continuous 
mixing  of  the  dry  blend  with  the  water  is  accomplished  in  the  cylinder,  and  from  this  cylinder  the  wet  blend 
is  fed  directly  into  the  extruder  barrel.  Alternately,  hydration  of  the  dry  blend  from  step  (b)  could  occur 

45  within  the  extruder  barrel  by  the  addition  of  sufficient  water  at  a  controlled  rate  of  feed,  correlating  with  the 
rate  of  feed  of  the  dry  blend  from  step  (b),  either  at  the  point  of  entry,  or  downstream  of  the  dry  blend  feed. 

Referring  to  Method  B,  when  a  multiple  feed  port  extruder  is  selected,  each  of  the  mixing  steps  can  be 
carried  out  in  a  separate  conventional  mixer/surge  system  having  variable  speed  metering/feeding  devices 
to  provide  the  desired  blend  to  the  extruder.  For  example,  in  Method  B,  the  binder  materials  could  be  mixed 

so  at  one  station  and  fed  to  a  first  port  under  a  controlled  rate  of  feed.  At  a  second  station,  the  tobacco,  filler, 
and  other  material  could  be  mixed  and  similarly  fed  to  a  second  port  downstream  of  the  first  port,  also  at  a 
controlled  rate  of  feed.  Water  could  be  added  in  controlled  amounts  to  prehydrate  the  binder  at  a  location 
before  the  tobacco  blend  material  is  introduced  into  the  extruder  barrel,  and  added  elsewhere  if  necessary, 
to  control  the  moisture  content. 

55  When  a  single  feed  port  extruder  is  available,  the  binder  could  be  first  prehydrated  in  an  intermediary 
processing  device.  Then  the  tobacco,  filler,  and  other  materials,  having  first  been  dry  blended  in  a  separate 
device  are  introduced  to  the  intermediary  processor  for  admixture,  and  the  resulting  wet  blend  then  fed 
directly  to  the  extruder  barrel. 

The  extruder  barrel  may  be  built  in  segments  or  sections,  with  the  individual  screws  being  separated 
so  by  steam  locks.  That  gives  each  section  its  own  discrete  processing  capability.  Within  the  feed  zone  of  the 

extruder  barrel,  the  raw  material  exists  as  discrete  particles.  As  these  particles  are  transported  forward  in 
the  feed  zone,  there  is  a  positive  pumping  action  with  some  compression  of  the  material.  This  compression 
pushes  the  particles  together  into  a  more  solid  homogeneous  mass. 

As  the  material  advances  toward  the  die  and  into  an  additional  zone  or  zones,  this  compressdion  is 
65  continued  and  the  material  is  subjected  to  mixing  and  mild  shear,  resulting  in  heating  of  the  mixture  until 
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the  particles  are  transformed  into  a  dough-like  mass.  There  is  still  a  positive  pumping  effect  in  these  zones 
that  is  usually  somewhat  less  positive  than  the  feeding  zone. 

As  the  mixture  advances  toward  the  final  zone  before  the  die,  the  extruder  barrel  becomes  completely 
filled  with  product.  Leakage  flow  and  pressure  flow  are  greatest  within  this  final  zone,  resulting  in  higher 

5  viscous  shearing.  That  yields  maximum  heat  generation.  Heat  is  generated  by  the  particles  rubbing  against 
one  another  and  by  the  relative  motion  of  the  mixture  against  screw  and  wall  surfaces. 

The  final  die  has  two  major  functions.  The  first  is  to  offer  resistance  to  the  upward  flow  of  the  mixture, 
thereby  creating  a  condition  where  leakage  flow  and  pressure  flow  may  occur.  The  second  is  to  shape  the 
final  product.  Flow  resistance  of  the  die  is  the  greatest  factor  in  the  heating  of  the  mixture  because  the  flow 

io  resistance  has  the  greatest  control  over  the  pressure  (and,  therefore,  the  shear)  within  the  barrel. 
Preferably,  the  pressure  at  the  inlet  of  the  die  is  from  about  50  to  about  2500  psig,  (0.35  to  17.25  MPa)  more 
preferably  from  about  150  to  about  1500  psig,  (1.04  to  10.35  MPa). 

In  the  process  of  the  present  invention,  it  is  preferred  to  employ  a  die  having  a  plurality  of  holes, 
typically  from  about  10  to  about  30  holes,  each  ranging  in  size  from  about  0.010  inches  (.254  mm)  to  about 

15  0.050  inches  (1.27  mm)  in  diameter.  The  combination  of  the  number  of  holes  and  size  of  each  hole  is  chosen 
to  give  the  desired  diameter  and  shape  of  the  smoking  article.  The  holes  need  not  be  of  the  same  size  or 
shape.  A  typical  hole  pattern  will  be  described  below.  A  die  having  centrally  located  holes  and  an  outer 
annular  opening  may  be  used.  The  material  extruded  through  the  annulus  will  form  what  may  be 
considered  a  wrapper  for  the  co-extruded  strands. 

20  Typically,  foaming  of  the  product  occurs  immediately  after  extrusion.  Foaming  is  a  result  of  the 
moisture,  other  foaming  agent,  or  gas  within  the  extrudate  changing  from  a  super-heated  liquid  or 
compressed  gas  to  a  gas  at  essentially  atmospheric  pressure  as  the  extrudate  leaves  the  high-pressure 
environment  behind  the  die  inside  the  extruder  and  enters  the  atmospheric  environment  just  downstream 
of  the  die  openings. 

25  The  process  will  be  further  described  with  reference  to  the  preferred  extruders  although  other  types  of 
extruders  may  be  effectively  employed.  One  preferred  extruder  is  the  Wenger  Model  X20,  a  six-zone 
extrusion  screw/barrel  unit,  commercially  available  from  Wenger  Manufacturing,  Sabetha,  Kansas.  Various 
parameters  for  each  zone  are  set  forth  in  the  following  table. 

30  Zone  Screw  type/Wenger  No.  Barrel  type/wenger  No. 

1  Inlet/68638  Inlet/68714 

2  Single  flight/68327  Straight  rib/68318 
35 

3  Single  flight/68327  Straight  rib/68318 

4  Double  flight/68326  Spiral  rib/68372 

ao  5  Double  flight/68326  Spiral  rib/68372 

6  Tapered  tip/68321  Low  Tapered  spiral/68350 

Zones  1,  2,  and  3  knead  the  extrusion  mixture  to  develop  elasticity  and  hydrate  the  gum  (binder).  Zones 
45  4,  5,  and  6  work  the  mixture  by  shear.  If  the  Zone  6  screw  is  not  tapered,  the  mixture  will  be  overworked. 

The  multistrand  die  is  attached  to  the  end  of  Zone  6. 
A  1/8-inch  (3.175  mm)  thick  spacer  having  an  inner  diameter  equal  to  that  of  the  Zone  6  barrel  is  used 

between  the  exit  of  Zone  6  and  the  die  inlet.  If  a  1/4-inch  (6.35  mm)  thick  spacer  is  used,  some  of  the  mixture 
tends  to  collect  in  the  spacer,  and  collected  material  will  occasionally  exit  the  die  in  the  form  of  lumps. 

50  Furthermore,  with  the  1/4-inch  (6.35  mm)  spacer  and  for  the  preferred  mixture,  the  extrudate  will  be 
underworked,  appear  wet,  and  expansion  will  be  insufficient.  If  no  spacer  is  used,  it  is  possible  the 
extrudate  will  be  overworked  and  darkened  by  cooking  caused  by  the  overworking,  and  expansion  will  be 
decreased.  Thus,  there  is  an  optimal  range  for  working  of  any  particular  extrusion  mixture,  outside  of  which 
less  desirable  articles  are  produced. 

55  The  product  is  transported  through  the  extruder  barrel  by  the  extruder  screws,  complemented  by  the 
closure  around  the  screw.  The  extruder  barrel  is  jacketed,  and  the  jacket  is  designed  for  either  electrical 
heating  or  the  circulation  of  water,  steam,  or  other  liquid  thermofluid.  That  permits  adjustment  of  the 
temperature  profile  of  the  extruder  barrel  by,  for  example,  controlling  the  flow  of  cooling  water  in  the 
jacket.  Most  of  the  thermoenergy  within  the  extruder  is  created  by  the  conversion  of  the  mechanical  energy 

so  into  heat. 
For  continuous  operation  it  is  preferred  to  establish  and  maintain  a  temperature  gradient  that  increases 

along  the  length  of  the  extruder  barrel.  The  maximum  temperature  will  be  at  or  just  before  the  die.  The 
temperature  gradient  will  be  within  the  range  of  from  about  10  to  about  300°C  and  preferably  from  about  50 
to  about  250°C.  Usually,  thermocouples  are  inserted  through  the  head  into  the  flow  channel  and  are 

55  connected  to  either  temperature  indicators  or  to  automatic  temperature  control  systems. 
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Each  of  the  six  zones  of  the  Wenger  X20  unit  can  be  heated  or  cooled.  The  temperatures  of  Zones  1  —  5 
are  not  critical,  and  should  be  high  enough  for  the  mixture  to  flow  through  the  extruder  but  less  than  about 
230°F  (110°C).  The  temperature  of  Zone  6  should  be  between  about  160°F  (71°C)  and  260°F  (127°C).  With  the 
preferred  extrusion  mixture  described  below  and  when  making  a  cigarette-type  smoking  article  of  this 

5  invention,  the  following  cooling  water  exit  temperatures  have  been  measured: 

Zone  Temperature  (°F±10°F) 

1  Not  measured  but  <90 

2  Not  measured  but  <90 

3  90 

4  125 

5  125 

6  180 
20 

Turning  to  the  drawings,  Figure  1  shows  the  end  of  typical  extrusion  barrel  20  with  preferred  die  22 
having  holes  24.  (For  clarity  the  barrel  is  represented  schematically  and  without  the  jacket,  cooling  water 
tubing,  thermocouple  wires,  or  the  means  for  removing  the  head  to  change  the  die). 

Figure  2  shows  screw  28  schematically  in  barrel  20.  Shoulder  26  on  die  22  (having  internal  conical 
25  surface  30)  mates  with  a  corresponding  lip  on  head  52  and  prevents  die  22  from  being  forced  out  of  the 

head.  Spacer  54  lies  between  head  52  and  barrel  20. 
Figures  3,  4,  and  5  are  perspective,  end,  and  side  sectional  views  of  die  22,  respectively. 
Figure  6  shows  the  layout  of  holes  24  of  preferred  die  22  for  making  cigarettes  from  the  preferred 

blend.  There  are  twenty-two  holes,  each  0.033  —  0.035  inches  in  diameter.  There  is  one  hole  in  the  center,  an 
30  inner  ring  of  seven  holes,  and  an  outer  ring  of  fourteen  holes.  Angle  A  is  12°-51',  angle  B  is  25°-43',  and 

angle  C  is  51°-26'.  As  will  be  apparent,  these  values  have  been  rounded  to  the  nearest  minute.  The  inner 
ring  is  offset  from  (rotated  with  respect  to)  the  outer  ring  so  that  no  outer  ring  holes  and  either  of  the  two 
nearest  inner  ring  holes  falls  on  a  line  eith  the  center  hole.  That  is  to  prevent  any  excessive  channeling  in 
the  final  product.  The  centers  of  the  holes  in  the  inner  and  outer  rings  fall  on  the  circumferences  of 

35  imaginary  circles  0.128  inches  (3.25  mm)  and  0.256  inches  (6.5  mm)  in  diameter,  respectively.  The  center  of 
each  imaginary  circle  is  the  center  of  the  single  central  hole  of  the  die,  that  is,  the  one  central  hole,  the  inner 
ring,  and  the  outer  ring  are  concentric.  The  preferred  die  has  a  land  length  (length  of  holes  through  the  die 
face)  of  1/8  inch  (3.175  mm). 

In  Figure  7,  strands  32  of  extruded  material  are  shown  leaving  die  22  through  holes  24.  Upon  leaving 
40  the  die,  the  strands  expand  and  then  contact  and  adhere  to  one  another.  The  moist  rope  of  the  adhered 

strands  cools  and  starts  to  harden  quickly.  The  rope  may  be  twisted  to  further  increase  the  tortuosity  of  the 
passageways  in  the  article.  The  rope  may  be  collected  on  a  non-stick  surface  and  then  sent  to  a  drier. 

Drying  may  be  accomplished  in  any  suitable  manner.  Microwave  heating  is  preferred  because  of 
uniformity  in  drying  along  the  radial  direction.  Drying  desirably  reduced  the  water  content  of  the  rope 

45  made  by  the  application  of  Method  A  from  about  25  —  35  wt.%  at  the  die  exit  to  about  12  —  15  wt.%. 
In  the  application  of  Method  B,  the  water  content  of  the  rope  of  strands  is  desirably  reduced  from  about 

20—35  wt.%  at  the  die  exit  to  about  12—15  wt.%. 
After  drying,  the  rope  may  be  wrapped,  cut,  and  tipped  with  a  filter  to  produce  a  cigarette  as  shown  in 

Figure  8.  Cigarette  34  comprises  tobacco  rod  38  and  filter  36. 
50  Figure  9  is  an  end  view  of  tobacco  rod  38  of  cigarette  34.  Passageways  44  lie  between  strands  32.  The 

circumference  of  strands  32  is  not  completely  circular  because  of  deformation  at  the  points  of  contact  (and 
adherence)  of  the  strands  to  one  another. 

Because  of  microvariation  in  the  composition  and  particle  sizes  of  the  mixture  exiting  each  hole  of  the 
die  and  because  of  microvariations  in  the  pressures  just  upstream  of  each  die  hole,  the  extruded,  foamed 

55  strands  in  the  preferred  embodiment  have  generally  smooth  but  slightly  irregular  surfaces.  The  irregularity 
is  typically  random  and  a  principal  cause  of  the  randomness  of  contact  of  adjacent  strands.  Normally,  the 
contact  occurs  almost  immediately  after  the  strands  leave  the  die,  and  because  of  the  tackiness  of  the 
material,  adherence  is  immediate  upon  contact.  If  the  strands  do  not  expand  sufficiently  (e.g.,  because  of 
over-  or  underworking  or  too  much  or  too  little  water)  or  if  the  material  does  not  have  sufficient  tackiness 

so  (e.g.,  because  the  strands  are  too  dry,  too  cold,  or  the  binder  is  not  satisfactory),  the  desired  contact  and 
adherence  will  not  occur  and  the  article  will  not  have  the  desired  network  of  passageways  without 
post-extrusion  processing. 

The  holes  of  the  die  should  not  be  too  far  apart,  otherwise  the  extruded  strands  will  not  be  able  to 
contact  one  another  soon  enough  after  leaving  the  die  for  sufficient  adherence  to  occur.  If  the  velocity  of 

65  the  exiting  strands  is  too  high,  the  strands  may  cool  too  much  before  they  can  contact  and  adhere 
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sufficiently  to  one  another.  Also,  the  linear  velocity  of  the  strands  exiting  the  die  should  be  substantially 
uniform  so  that  there  is  as  little  linear  motion  of  the  strands  with  respect  to  one  another  as  possible.  To 
achieve  this  uniform  velocity  may  require  the  die  having  holes  of  different  sizes,  depending  on  the 
particular  extruder  used  and  its  particular  pressure  profile  just  upstream  of  the  die. 

5  In  accordance  with  the  post-extrusion  processing  of  the  strands,  the  spacing  of  the  holes  and  the 
temperature  of  the  strands  as  extruded  may  be  less  important  for  causing  the  strands  to  adhere  to  each 
other  because  heat  sufficient  to  cause  the  strands  to  become  tacky  and  adhere  is  imparted  to  the  product 
while  it  is  heated  in  the  drying  chamber  or,  in  other  circumstances,  an  adhesive  or  other  manufacturing 
condition  is  applied  to  cause  the  adjacent  strands  to  adhere  to  one  another. 

o.  Figure  10  is  an  enlarged  view  of  a  portion  of  tobacco  rod  38  having  wrapping  paper  40,  coal  42,  and 
passageways  44.  Arrow  48  indicates  the  flow  of  smoke  to  the  end  of  the  cigarette  proximal  to  the  smoker. 
When  that  smoke  reaches  an  area  of  adherence  46  of  one  strand  to  another,  the  smoke  finds  passageway 
44  blocked  and  may  travel  towards  the  smoker  as  indicated  by  arrows  50. 

'5  Example  I 
To  illustrate  preparation  of  smoking  articules  within  this  invention,  the  preferred  extruding 

composition  was  prepared  and  extruded  in  accordance  with  Method  A.  That  composition  was  made  by  first 
dry  blending 

20  90  wt.%  Tobacco  dust 

5  wt.%  Hydroxypropyl  cellulose  (Klucel®  HF  from  Hercules,  Inc.) 

2.5  wt.%  Carboxymethyl  cellulose  (CMC  7  HF  from  Hercules,  Inc.) 
25 

2.5%  Starch  (Lincoln  pre-gelatinized  corn  cereal  binder  #201  F  from  Lincoln  brain,  inc.  in 
Atchison,  Kansas) 

and  loading  that  mixture  into  the  feed  hopper  of  a  preferred  extruder,  the  wenger  a^u  unit  aescrmea 
30  above.  The  tobacco  dust  was  a  mixture  of  burley,  bright,  and  oriental  tobacco  particles,  essentially  all  of 

which  were  less  than  80  mesh  in  size. 
The  extruder  feeder  speed  was  set  at  10  rpm,  which  corresponds  to  about  136  pounds  per  hour  of  dry 

mixture,  and  the  mixing  cylinder  speed  was  set  at  300  rpm.  To  show  the  effect  on  product  properties  of  the 
amount  of  water  used  in  making  the  wet  blend,  the  effect  of  extruder  barrel  temperature,  and  the  effect  of 

35  variations  in  extruder  speed  (working  of  the  mixture),  comparative  runs  were  also  performed.  In  all  runs  the 
Wenger  X20  unit,  the  preferred  die,  and  a  1/8  inch  spacer  between  Zone  6  and  the  die  were  used. 

The  extruded  ropes  (if  formed)  were  dried,  wrapped  (if  possible),  cut  to  rods  63  mm  in  length,  and 
joined  to  a  filter  (if  possible).  The  run  conditions  and  results  are  shown  in  the  table  below. 

40 

45 

50 

55 
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TABLE  I 

91  591A  591B  591C  591D  591E  591F  591G  591H 

"emperature  (°F) 
—Zone  2  121 
—Zone  3  129 
—Zone  4  104 
—Zone  5  190 

Vater  feed 
—  rotameter  57.5 
—  Ibs/hr.  32.0 

■xtruder 
—rpm  400 
—  amps  20 

yloisture  of  extruder 
feed  (%  OV)  28.4 

08  108  101  101 
25  140  142  142 
04  102  107  107 
92  194  181  181 

14  50  74  70 
14.5  28.0  45.0  42.0 

W0  400  400  400 
!0  20  19  19 

!7.9  —  —  — 

U  1  111  IUD  IUU 
42  143  143  143 
07  106  106  106 
81  180  184  184 

18  65  62  60 
H.O  39.0  35.5  34.0 

W0  400  400  400 
19  19  19  19 

-  36.5  32.0  29.6 

1  00  IOZ 
31.7  30.0 
—  8.4 
Yes  Yes 
Some  Yes 

tope  at  die  exit 
—Ibs/hr  129  126  —  —  —  —  132  135  132 
—moisture  (%  OV)  28.8  26.6  —  —  —  —  32.3  31.7  30.0 
—diameter  (mm)  8.3  8.0  —  —  —  —  —  —  8.4 
—  strands  adhere?  Yes  Yes  No  No  Some  Some  Yes  Yes  Yes 
—  strands  expand?  Yes  Yes  Yes  Some  Some  Some  Some  Some  Yes 

)ried  product 
—weight  (g)  0.932  0.950  —  —  —  —  —  0.988  1.069 
—  circum.  (mm)  25.1  23.29  —  —  —  —  —  23.33  24.91 
—RTD  with  filter 

(inches  water)  ca.  4.0  ca.  4.0  —  —  —  —  —  —  — 
—  acceptable?  Yes  Yes  —  —  —  —  Yes  Yes  Yes 
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TABLE  I  (cont'd) 

Run  5911  591J  591K  591L  591M  591N  5910  591P 

Temperature  (°F) 
—Zone  2  114  116  116  102  123  138  117  113 
—Zone  3  141  147  150  130  131  144  138  136 
—Zone  4  109  112  116  105  104  113  109  110 
—Zone  5  194  201  207  188  180  199  225  ca.  245 

Water  feed 
—rotameter  58  58  58  58  58  58  58  58 
—Ibs/hr.  32.5  32.5  32.5  32.5  32.5  32.5  32.5  32.5 

Extruder 
—rpm  400  450  570  350  300  500  400  400 
—amps  20  20  —  20  20  19  20  20 

Moisture  of  extruder 
feed  (%  OV)  35.5  —  —  —  30.3 

Rope  at  die  exit  NP* 
—Ibs/hr  126  126  —  129  129  —  —  — 
—moisture  (%  OV)  29.0  _ _ _ _ _   29.7  — 
—diameter  (mm)  8.5  8.5  —  8.5  8.3  —  8.3  7.6 
—  strands  adhere?  Yes  Yes  —  Yes  Yes  No  Yes  Yes 
—strands  expand?  Yes  Yes  —  Yes  Yes  —  Yes  Some 

Dried  product 
—weight  (g)  0.977  0.959  —  1.053  1.077  —  0.948  0.887 
—  circum.  (mm)  23.38  23.61  —  24.18  23.98  —  23.23  22.23 
—RTD  with  filter 

(inches  water)  —  —  —  —  —  —  —  — 
—  acceptable?  Yes  Yes  —  Yes  Yes  No  Yes  Yes 

*"NP"  means  no  product  —  insufficient  flow  of  material  from  mixer  to  extruder. 

40 

45 

50 

Runs  591  and  591  A—  I  show  that  either  too  much  (591  C,  D,  E)  or  too  little  water  (591  B)  in  the  mixture  in  the 
die  feed  results  in  poor  expansion  and/or  poor  adhesion  of  the  extruded  strands.  Comparison  of  Runs  591 
and  591  J—  N  show  that  too  much  working  (591  K)  of  the  mixture  in  the  extruder  prevents  proper  expansion 
and/or  adhesion  of  the  strands. 

A  more  preferred  extruder  is  the  commercially  available  Baker-Perkins  Twin  Screw  extruder,  Model 
No.  MPF50D  (or  MPF50L).  Baker-Perkins  is  located  in  Raleigh,  North  Carolina. 

Example  II 
The  following  examples  were  extruded  in  a  Baker-Perkins  twin  screw  extruder,  Model  MPF-50D,  having 

a  1263.6  mm  long  extrusion  chamber,  wherein  the  two  screws  had  the  same  assemblage  of  components, 
as  follows: 

55 

50 

65 
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Screw  assembly 

Length  Elements 

5  6.325  mm  Spacer 
508  mm  Spacer 
152.4  mm  Feed  screw 
63.5  mm  Five  45°  forwarding  paddles 
50.8  mm  Short  pitch  feed  screw 

jo  177.8  mm  Feed  screw 
12.7  mm  One  paddle 
50.8  mm  Single  lead  screw 
63.5  mm  Five  45°  forwarding  paddles 
6.35  mm  One  orifice  plug 

is  50.8  mm  Single  lead  screw 
6.35  mm  One  paddle 
101.6  mm  Single  lead 
multihole  die  22  holes  about  .889  mm  diameter  in  a 

die  face  about  25.4  mm  in  diameter 
20 

The  screws  were  rotated  so  as  to  be  90°  out  of  phase  to  prevent  interfering  with  each  other  and  to 
provide  a  tolerance  between  the  screws  of  about  50/64  mm.  The  Baker-Perkins  extruder  has  multiple  feed 
ports  along  its  length  so  auxiliary  mixing  equipment  was  not  required  as  it  was  the  case  in  the  Wenger 
extruder.  The  binder  was  added  at  a  distance  15:1  length:diameter  ("L/D")  screw  length  measured  from  the 

25  extrusion  end  (die),  the  water  used  to  prehydrate  the  binder  was  added  at  a  distance  12:1  (L/D)  from  the  die, 
and  the  tobacco  dust  was  added  at  a  distance  10:1  (L/D)  from  the  die.  The  binder  mixture  used  consisted  of 
the  following  blend: 

1  part  Hydroxypropyl  cellulose  (Klucel-H®  from  Hercules,  Inc.) 
30  4  parts  Hydroxypropyl  guar  (Galaxy  781®  from  Henkel  Corp.) 

5  parts  Starch 

The  results  of  the  various  extrusions  are  set  forth  in  Table  II  below. 
The  products  of  runs  c,  d,  and  e,  made  in  accordance  with  Method  B  prehydration  of  binder  technique, 

35  were  much  stronger  and  better  in  appearance  than  the  product  made  by  the  non-prehydrated  Method  A, 
run  a,  even  though  they  contained  a  significantly  lesser  amount  of  binder.  In  addition,  using  Method  B  and 
prehydrating  the  binder  allowed  for  the  extrusion  of  a  drier  extrudate  by  using  a  lesser  amount  of  water. 
Run  "a",  made  in  accordance  with  Method  A,  could  not  produce  a  satisfactory  product  with  a  lesser 
amount  of  water  or  a  lesser  amount  of  binder  than  used  in  example. 

12 
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TABLE  II 

Feed 
Feed  Feed  rate  of  OV  in  Weight 

5  Screw  Wt.%  rate  of  rate  of  tobacco  mixing  OV  of  of 
speed  of  binder  water  dust  chamber  extrudate  extrudate/ 

Run  (RPM)  binder  (Kg/min)  (Kg/min)  (Kg/min)  (%)****  (%)  63  mm 

a*  490  12.7***  .1134  .2077  .816  28.4  18.7  1177 
0 

b*  490  10***  .0907  .2077  .816  28.4  **  ** 

c  490  10  .0907  .1837  .816  26.8  16.3  1241 

5  d  490  9.1  .0816  .1700  .816  25.9  15.9  1251 

e  490  8.2  .0816  .2009  .816  28.0  17.2  1204 

*  Runs  a  and  b  are  the  controls  and  were  made  in  accordance  with  Metnoa  A,  aaaing  tne  toDacco 
20  and  the  binder  blend  to  the  extruder  at  the  15:1  L/D  position  and  adding  the  water  at  the  12:1  L/D 

position  (the  same  location  as  per  examples  c,  d  and  e,  made  in  accordance  with  Method  B  where 
the  water  was  added  to  the  binder  blend  in  the  prehydration  mode). 

**  The  amount  of  binder  used  in  this  run  did  not  yield  a  strong  enough  product  to  collect  for  testing 
at  these  particular  extrusion  conditions. 

25  ***  The  amount  of  binder  used  represents  the  minimum  amount  of  binder  that  could  be  used  to 
produce  an  acceptable  result. 

****  The  OV  values  in  the  mixing  chamber  were  calculated  based  on  pump  feed  rates  of  the  materials. 

Claims 

1.  A  method  of  making  a  foamed,  extruded,  tobacco-containing  smoking  article  comprising  forming  a 
wet  blend  containing  15%  to  50%  of  water  and  the  remainder,  on  a  dry  weight  basis,  comprising  5  to  98 
weight  %  of  tobacco  particles  having  a  particle  size  up  to  4  mm,  (5  mesh),  from  0  to  60  weight  %  of  a  filler 
having  a  particle  size  of  not  more  than  350  um,  and  from  2  to  40  wt.%  of  a  binder  from  the  group  consisting 

35  of  celluiosic  binders,  natural  binders,  modified  natural  binders,  synthetic  binders,  and  mixtures  thereof, 
extruding  the  wet  blend  through  a  die  having  a  plurality  of  holes  to  form  a  plurality  of  strands  and  twisting 
the  extruded  strands  together,  the  strands  being  foamed  by  the  conversion  of  some  of  the  moisture  to 
steam  and  adhered  together  to  form  a  smoking  article. 

2.  A  method  as  claimed  in  claim  1  further  comprising  adhering  the  strands  to  each  other  by  applying  a 
40  material  to  the  individual  strands  to  produce  a  tacky  surface  on  the  strands  before  they  are  brought  into 

contact. 
3.  A  method  as  claimed  in  any  of  the  preceding  claims  in  which  the  filler  is  selected  from  the  group 

consisting  of  calcium  carbonate,  magnesium  carbonate,  calcium  oxide,  magnesium  oxide,  calcium, 
hydroxide,  magnesium  hydroxide,  metallic  aluminium,  alumina,  hydrated  alumina,  clay,  silica, 

45  diatomaceous  earth,  and  mixtures  thereof. 
4.  A  method  as  claimed  in  any  of  the  preceding  claims.in  which  the  binder  is  a  celluiosic  binder  selected 

from  the  group  consisting  of  hydroxypropyl  cellulose,  carboxymethyl  cellulose  and  its  ammonium, 
sodium,  and  potassium  salts,  cross-linked  carboxymethyl  cellulose  and  its  ammonium,  sodium,  and 
potassium,  salts,  hydroxyethyl  cellulose,  ethyl  hydroxyethyl  cellulose,  hydroxypropyl  methyl  cellulose, 

so  methyl  cellulose,  ethyl  cellulose,  and  mixtures  thereof. 
5.  A  method  as  claimed  in  any  of  claims  1  to  3  in  which  the  natural  binders,  modified  natural  binders,  or 

synthetic  binders  are  selected  from  the  group  consisting  of  pectin  and  its  sodium,  potassium,  and 
ammonium  salts,  starch,  guar  and  derivatives  thereof,  hemicellulose,  xanthan,  curdlan,  a  salt  of 
xanthamonas  gum,  carageenan,  alginic  acid  and  its  ammonium,  sodium,  and  potassium  salts, 

55  oxycellulose,  polyvinyl  alcohol,  vinyl  maleic  anhydride  polymer,  vinyl  maleic  acid  polymer  and  its  sodium, 
potassium,  and  ammonium  salts,  microcrystalline  cellulose,  dextran,  dextrin,  fibrous  cellulose,  and 
mixtures  thereof. 

6.  A  method  as  claimed  in  any  of  the  preceding  claims  in  which  from  0.1  to  15  wt.%,  on  a  dry  weight 
basis,  of  a  polyfunctional  acid  or  its  ammonium,  sodium  or  potassium  salts  is  included  in  the  wet  blend. 

60  7.  A  method  as  claimed  in  claim  6  in  which  the  polyfunctional  acid  is  citric  acid. 
8.  A  method  as  claimed  in  claim  6  in  which  the  polyfunctional  acid  is  phosphoric  acid. 
9.  A  method  as  claimed  in  any  of  the  preceding  claims  in  which  from  0.1  to  40  wt.%  on  a  dry  weight 

basis  of  a  cross-linking  or  stiffening  agent  selected  from  the  group  consisting  of  alginic  acid, 
carboxymethyl  chitin,  pectinic  acid,  chitosan,  water  soluble  salts  thereof,  and  mixture  thereof,  is  included  in 

e5  the  wet  blend. 
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10.  A  method  as  claimed  in  any  of  the  preceding  claims  wherein  from  2  to  40  wt.%  on  a  dry  weight 
basis  of  an  alcohol  selected  from  the  group  consisting  of  ethanol,  methanol,  isopropanol,  n-propanol,  and 
mixtures  thereof  is  included  in  the  wet  blend. 

11.  A  method  as  claimed  in  any  of  the  preceding  claims  in  which  the  tobacco  particles  comprise 
5  between  50  and  98%  of  the  dry  mixture. 

12.  A  method  as  claimed  in  any  of  the  preceding  claims  in  which  the  binder  is  pre-hydrated  by 
admixture  with  water  before  being  mixed  with  the  other  constituents  of  the  mixture  to  form  the  wet  blend. 

13.  A  method  as  claimed  in  claim  12  in  which  a  part  of  the  binder  is  mixed  dry  with  the  other 
constituents  and  only  the  remaining  part  is  pre-hydrated,  thereby  reducing  the  viscosity  of  the 

10  pre-hydrated  binder  and  reducing  its  tendency  to  stick  to  the  processing  equipment. 
14.  A  method  as  claimed  in  claim  12  or  13  in  which  up  to  5.0  wt.%  of  the  tobacco  particles  is  added  to 

the  binder  to  be  pre-hydrated. 
15.  A  foamed,  extruded,  tobacco-containing,  smoking  article  comprising  a  plurality  of  co-extruded 

strands  twisted  together  that  extend  generally  along  the  longitude  of  the  smoking  article  and  are  ahdered 
75  to  one  another  so  as  to  leave  tortuous  flow  passageways  between  the  strands,  which  passageways  extend 

generally  along  the  longitude  of  the  smoking  article,  the  smoking  article  also  comprising  on  a  dry  weight 
basis  (a)  from  5  to  98  wt.%  of  tobacco  particles  having  a  particle  size  of  up  to  about  4  mm  (5  mesh),  (b)  from 
0  to  60  wt.%  of  a  filler  having  a  particle  size  of  up  to  about  350  um,  and  (c)  from  about  2  to  40  wt.%  of  a 
binder  selected  from  the  group  consisting  of  celluiosic  binders,  natural  binders,  modified  natural  binders, 

20  synthetic  binders,  and  mixtures  thereof,  and  further  comprising  (d)  from  about  5  to  about  20  wt.%  water 
calculated  as  a  percentage  of  the  total  product  weight,  the  article  having  a  density  within  the  range  of  from 
about  0.05  to  about  1.5  g/cc. 

16.  The  smoking  article  of  claim  15  wherein  the  filler  is  selected  from  the  group  consisting  of  calcium 
carbonate,  magnesium,  carbonate,  calcium  oxide,  magnesium  oxide,  calcium  hydroxide,  magnesium 

25  hydroxide,  metallic  aluminium,  alumina,  hydrated  alumina,  clay,  silica,  diatomaceous  earth  and  mixtures 
thereof. 

17.  The  smoking  article  of  claim  15  or  16  wherein  the  celluiosic  binder  included  in  the  mixture  in  an 
amount  from  about  0  to  about  40  wt.%  is  selected  from  the  group  consisting  of  hydroxypropyl  cellulose, 
carboxymethyl  cellulose  and  its  ammonium,  sodium,  and  potassium  salts,  cross-linked  carboxymethyl 

30  cellulose  and  its  ammonium,  sodium,  and  potassium  salts,  hydroxyethyl  cellulose,  ethyl  hydroxyethyl 
cellulose,  hydroxypropyl  methyl  cellulose,  methyl  cellulose,  ethyl  cellulose,  and  mixtures  thereof. 

18.  The  smoking  article  of  any  of  claims  15  to  17  wherein  the  natural  binders,  modified  natural  binders, 
and  synthetic  binders  included  in  the  mixture  in  an  amount  from  0  to  about  40  wt.%  are  selected  from  the 
group  consisting  of  pectin  and  its  sodium,  potassium,  and  ammonium  salts,  starch,  guar  and  derivatives 

35  thereof,  hemiceliulose,  xanthan,  curdlan,  a  salt  of  xanthamonas  gum,  carageenen,  alginic  acid  and  its 
ammonium,  sodium,  and  potassium  salts,  oxycellulose,  polyvinyl  alcohol,  vinyl  maleic  anhydride  polymer, 
vinyl  maleic  acid  polymer  and  its  sodium,  potassium,  and  ammonium  salts,  microcrystalline  cellulose, 
dextran,  dextrin,  fibrous  cellulose,  and  mixtures  thereof. 

19.  The  smoking  article  of  any  of  claims  15  to  18  further  comprising  from  about  0.1  to  about  15  wt.%  of 
40  a  polyfunctional  acid  or  its  ammonium,  sodium,  and  potassium  salts. 

20.  The  smoking  article  of  claim  19  wherein  the  polyfunctional  acid  is  citric  acid  or  a  citrate. 
21  .  The  smoking  article  of  claim  1  9  wherein  the  polyfunctional  acid  is  phosphoric  acid  or  a  phosphate. 
22.  The  smoking  article  of  any  of  claims  1  5  to  21  further  comprising  from  about  0.1  to  about  40  wt.%  of 

a  cross-linking  or  stiffening  agent  selected  from  the  group  consisting  of  alginic  acid,  carboxymethyl  chitin, 
45  pectinic  acid,  chitosan,  water  soluble  salts  thereof,  and  mixtures  thereof. 

23.  The  smoking  article  of  any  of  claims  15  to  22  wherein  the  tobacco  particles  comprise  about  25  to 
about  98  wt.%  of  the  article. 

24.  The  smoking  article  of  any  of  claims  15  to  23  comprising  in  addition  up  to  1  wt.%  of  a  residual 
foaming  agent  other  than  water. 

50 
Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  geschaumten  extrudierten,  tabakhaltigen  Rauchartikels,  welches 
das  Bilden  einer  nassen  Mischung  mit  15%  bis  50%  Wasser,  wobei  der  Rest,  auf  Trockengewichtsbasis,  5 

55  bis  98  Gew.-%  Tabakteilchen  mit  einer  TeilchengrolSe  bis  zu  4  mm  (5  mesh),  0  bis  60  Gew.-%  eines 
Fullstoffs  mit  einer  TeilchengroSe  von  nicht  mehr  als  350  um,  und  2  bis  40  Gew.-%  eines  Bindemittels  aus 
der  aus  Bindemitteln  auf  Cellulosebasis,  naturlichen  Bindemitteln,  modifizierten  natCirlichen  Bindemitteln, 
synthetischen  Bindemitteln  und  Mischungen  davon  bestehenden  Gruppe  umfaBt,  das  Extrudieren  der 
nassen  Mischung  durch  eine  Diise  mit  einer  Vielzahl  von  Lochern  unter  Bildung  einer  Vielzahl  von  Strangen 

60  und  das  Zusammendrehen  der  extrudierten  Strange  umfaSt,  wobei  die  Strange  durch  die  Umwandlung 
von  einiger  Feuchtigkeit  in  Dampf  unter  Bildung  eines  Rauchartikels  geschaumt  und  zusammengeklebt 
werden. 

2.  Verfahren,  wie  in  Anspruch  1  beansprucht,  welches  weiterhin  das  Aneinanderkleben  der  Strange 
durch  Anwenden  eines  Materials  auf  die  einzelnen  Strange  unter  Bildung  einer  klebrigen  Oberflache  auf 

65  den  Strangen  umfaSt,  bevor  diese  in  Beruhrung  gebracht  werden. 
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3.  Verfahren,  wie  in  einem  der  vorstehenden  Anspriiche  beansprucht,  worm  der  Fullstoff  aus  der  aus 
Calciumcarbonat,  Magnesiumcarbonat,  Calciumoxid,  Magnesiumoxid,  Calciumhydroxid, 
Magnesiumhydroxid,  metallischem  Aluminium,  Aluminiumoxid,  hydratisiertem  Aluminiumoxid,  Tonerde, 
Siliciumdioxid,  Diatomeenerde  und  Mischungen  davon  bestehenden  Gruppe  ausgewahlt  wird. 

5  4.  Verfahren,  wie  in  einem  der  vorstehenden  Anspriiche  beansprucht,  worin  das  Bindemittel  ein 
Bindemittel  auf  Cellulosebasis  ist,  das  aus  der  aus  Hydroxypropylcellulose,  Carboxymethylcellulose  und 
ihren  Ammonium-,  Natrium-  und  Kaliumsalzen,  vernetzter  Carboxymethylcellulose  und  ihren  Ammonium-, 
Natrium-  und  Kaliumsalzen,  Hydroxyethylcellulose,  Ethylhydroxycellulose,  Hydroxypropylcellulose, 
Methylcellulose,  Ethylcellulose  und  Mischungen  davon  bestehenden  Gruppe  ausgewahlt  wird. 

jo  5.  Verfahren  wie  in  einem  der  Anspruche  1  bis  3  beansprucht,  worin  die  naturlichen  Bindemittel, 
modifizierten  naturlichen  Bindemittel  oder  synthetischen  Bindemittel  aus  der  aus  Pektin  und  seinen 
Natrium-,  Kalium-  und  Ammoniumsalzen,  Starke,  Guar  und  seinen  Derivaten,  Hemicellulose,  Xanthan, 
Curdlan,  einem  Salz  von  Xanthamonasgummi,  Carageenen,  Alginsaure  und  ihren  Ammonium-,  Natrium- 
und  Kaliumsalzen,  Oxycellulose,  Polyvinylalkohol,  Vinyl-Maleinsaureanhydrid  Polymer,  Vinyl-Maleinsaure- 

75  Polymer  und  seinen  Natrium-,  Kalium-  und  Ammoniumsalzen,  mikrokristalliner  Cellulose,  Dextran,  Dextrin, 
faserformiger  Cellulose  und  Mischungen  davon  bestehenden  Gruppe  ausgewahlt  werden. 

6.  Verfahren,  wie  in  einem  der  vorstehenden  Anspruche  beansprucht,  worin  0,1  bis  15  Gew.-% 
(Trockengewichtsbasis))  einer  polyfunktionellen  Saure  oder  ihre  Ammonium-,  Natrium-  oder  Kaliumsalze 
in  die  nasse  Mischung  einbezogen  werden. 

20  7.  Verfahren,  wie  in  Anspruch  6  beansprucht,  worin  die  polyfunktionelle  Saure  Zitronensaure  ist. 
8.  Verfahren,  wie  in  Anspruch  6  beansprucht,  worin  die  polyfunktionelle  Saure  Phosphorsaure  ist. 
9.  Verfahren,  wie  in  einem  der  vorstehenden  Anspruche  beansprucht,  worin  0,1  bis  40  Gew.-%,  auf 

Trockengewichtsbasis,  eines  Vernetzungs-  oder  Versteifungsmittels,  ausgewahlt  aus  der  aus  Alginsaure, 
Carboxymethylchitin,  Pektinsaure,  Chitosan,  wasserloslichen  Salzen  davon  und  Mischungen  davon 

25  bestehenden  Gruppe,  in  die  nasse  Mischung  einbezogen  werden. 
10.  Verfahren,  wie  in  einem  der  vorstehenden  Anspruche  beansprucht,  worin  2  bis  40  Gew.-%,  auf 

Trockengewichtsbasis,  eines  Alkohols,  ausgewahlt  aus  der  aus  Ethanol,  Methanol,  Isopropanol,  n-Propanol 
und  Mischungen  davon  bestehenden  Gruppe,  in  die  nasse  Mischung  einbezogen  werden. 

11.  Verfahren,  wie  in  einem  der  vorstehenden  Anspruche  beansprucht,  worin  die  Tabakteilchen 
30  zwischen  50  und  98%  der  trockenen  Mischung  ausmachen. 

12.  Verfahren,  wie  in  einem  der  vorstehenden  Anspruche  beansprucht,  worin  das  Bindemittel  durch 
Zumischen  von  Wasser  vorhydratisiert  wird,  bevor  es  mit  den  anderen  Bestandteilen  der  Mischung  unter 
Bildung  der  nassen  Mischung  gemischt  wird. 

13.  Verfahren,  wie  in  Anspruch  12  beansprucht,  worin  ein  Teil  des  Bindemittels  trocken  mit  den 
35  anderen  Bestandteilen  gemischt  wird  und  nur  der  verbleibende  Teil  vorhydratisiert  wird,  wodurch  die 

Viskositat  des  vorhydratisierten  Bindemittels  erniedrigt  wird  und  seine  Neigung,  an  der  Verarbeitungsein- 
richtung  haften  zu  bleiben,  vermindert  wird. 

14.  Verfahren,  wie  in  Anspruch  12  oder  13  beansprucht,  worin  bis  zu  5  Gew.-%  der  Tabakteilchen  dem 
vorzuhydratisierenden  Bindemittel  zugefiigt  werden. 

40  15.  Geschaumter,  extrudierter,  tabakhaltiger  Rauchartikel,  der  eine  Vielzahl  von  vorextrudierten, 
zusammengedrehten  Strangen  aufweist,  die  sich  im  allgemeinen  uber  die  Lange  des  Rauchartikels 
erstrecken  und  aneinandergeklebt  sind,  so  daB  gewundene  Stromungswege  zwischen  den  Strangen 
bleiben,  welche  Stromungswege  sich  in  allgemeinen  uber  die  Lange  des  Rauchartikels  erstrecken,  wobei 
der  Rauchartikel  weiterhin  auf  Trockengewichtsbasis  (a)  5  bis  98  Gew.-%  Tabkteilchen  mit  einer 

45  TeilchengroUevon  biszu  etwa4mm  (5  mesh),  (b)  0  bis  60  Gew.-%  eines  Fullstoffs  mit  einer  TeilchengrolSe 
von  bis  zu  etwa  350  um  und  (c)  etwa  2  bis  40  Gew.-%  eines  Bindemittels,  ausgewahlt  aus  der  aus 
Bindemitteln  auf  Cellulosebasis,  naturlichen  Bindemitteln,  modifizierten  naturlichen  Bindemitteln, 
synthetischen  Bindemitteln  und  Mischungen  davon  bestehenden  Gruppe  umfalSt,  sowie  weiterhin  (d)  etwa 
5  bis  etwa  20  Gew.-%  Wasser,  berechnet  als  Prozentanteil  des  gesamten  Produktgewichts,  und  der  Artikel 

so  eine  Dichte  im  Bereich  von  etwa  0,05  bis  1,5  g/cm3  aufweist. 
16.  Rauchartikel  nach  Anspruch  15,  worin  der  Fullstoff  aus  der  aus  Calciumcarbonat,  Magnesium- 

carbonat,  Calciumoxid,  magnesiumoxid,  Calciumhydroxid,  Magnesiumhydroxid,  metallischem 
Aluminium,  Aluminiumoxid,  hydratisiertem  Aluminiumoxid,  Tonerde,  Siliciumdioxid,  Diatomeenerde  und 
Mischungen  davon  bestehenden  Gruppe  ausgewahlt  ist. 

55  17.  Rauchartikel  nach  Anspruch  15  oder  16,  worin  das  in  der  Mischung  in  einer  Menge  von  etwa  0  bis 
etwa  40  Gew.-%  enthaltene  Bindemittel  auf  Cellulosebasis  aus  der  aus  Hydroxypropylcellulose, 
Carboxymethylcellulose  und  ihren  Ammonium-,  Natrium-  und  Kaliumsalzen,  vernetzter  Carboxymethyl- 
cellulose  und  ihren  Ammonium-,  Natrium-  und  Kaliumsalzen,  Hydroxyethylcellulose,  Ethylhydroxyethyl- 
cellulose,  Hydroxypropylmethylcellulose,  Methylcellulose,  Ethylcellulose  und  Mischungen  davon 

60  bestehenden  Gruppe  ausgewahlt  ist. 
18.  Rauchartikel  nach  einem  der  Anspruche  15  bis  17,  worin  die  in  der  Mischung  in  einer  Menge  von  0 

bis  etwa  40  Gew.-%  enthaltenen  naturlichen  Bindemittel,  modifizierten  naturlichen  Bindemittel  und 
synthetischen  Bindemittel  aus  der  aus  Pectin  und  seinen  Natrium-,  Kalium-  und  Ammoniumsalzen,  Starke, 
Guar  und  seinen  Derivaten,  Hemicellulose,  Xanthan,  Curdlan,  einem  Salz  von  Xanthomonasgummi, 

65  Carageen,  Alginsaure  und  ihren  Ammonium-,  Natrium-  und  Kaliumsalzen,  Oxycellulose,  Polyvinylalkohol, 
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Vinylmaleinsaureanhydrid-Polymer,  Vinylmaleinsaurepolymer  und  seinen  Natrium-,  Kalium-  und 
Ammoniumsalzen,  mikrokristalliner  Cellulose,  Dextran,  Dextrin,  faserfdrmiger  Cellulose  und  Mischungen 
davon  bestehenden  Gruppe  ausgewahlt  ist. 

19.  Rauchartikel  nach  einem  der  Anspriiche  15  bis  18,  welcher  weiterhin  etwa  0,1  bis  etwa  5  Gew.-% 
5  einer  polyfunktionellen  Saure  oder  ihrer  Ammonium-,  Natrium-  und  Kaliumsalze  umfaSt. 

20.  Rauchartikel  nach  Anspruch  19,  worin  die  polyfunktionelle  Saure  Zitronensaure  oder  ein  Citrat  ist. 
21.  Rauchartikel  nach  Anspruch  19,  worin  die  polyfunktionelle  Saure  Phosphorsaure  oder  ein  Phosphat 

ist. 
22.  Rauchartikel  nach  einem  der  Anspruche  15  bis  21,  welcher  weiterhin  etwa  0,1  bis  etwa  40  Gew.-% 

w  eines  Vemetzungs-  oder  Versteifungsmittels,  ausgewahlt  aus  der  aus  Alginsaure,  Carboxymethylchitin, 
Pectinsaure,  Chitosan,  wasserloslichen  Salzen  davon  sowie  Mischungen  davon  bestehenden  Gruppe, 
umfaGt. 

23.  Rauchartikel  nach  einem  der  Anspruche  15  bis  22,  worin  die  Tabakteilchen  etwa  25  bis  etwa  28% 
des  Artikeis  ausmachen. 

is  24.  Rauchartikel  nach  einem  der  Anspriiche  15  bis  23,  welcher  zusatzlich  bis  zu  1  Gew.-%  eines  von 
Wasser  verschiedenen  residualen  Schaumungsmittels  umfafit. 

Revendications 

20  1.  Procede  de  fabrication  d'un  article  a  fumer  contenant  du  tabac,  venu  d'  extrusion  et  expanse  en 
mousse,  dans  lequel  on  forme  un  melange  humide  contenant  de  15%  a  50%  d'eau,  le  reste  comprenant, 
par  rapport  au  poids  a  sec,  de  5  a  98%  en  poids  de  particules  de  tabac  ayant  une  taille  particulaire  allant 
jusqu'a  4  mm,  de  0  a  60%  en  poids  d'une  charge  ayant  une  taille  particulaire  non  superieure  a  350  um,  et  de 
2  a  40%  en  poids  d'un  liant  choisi  parmi  les  liants  ceilulosiques,  les  liants  naturels,  les  liants  naturels 

25  modifies,  les  liants  synthetiques  et  les  melanges  de  ceux-ci;  on  extrude  le  melange  humide  a  travers  une 
filiere  comportant  plusieurs  orifices,  pour  former  plusieurs  cordons,  et  on  retord  ensemble  les  cordons 
venus  d'extrusion,  les  cordons  etant  expanses  en  mousse  sous  I'effet  de  la  conversion  en  vapeur  d'une 
partie  de  I'humidite,  et  ils  adherent  ensemble  pour  former  un  article  a  fumer. 

2.  Procede  selon  la  revendication  1  dans  lequel  on  fait  en  outre  adherer  les  cordons  entre  eux,  en 
30  appliquant  un  materiau  sur  chaque  cordon,  pour  procurer  une  surface  adhesive  sur  les  cordons,  avant 

qu'ils  ne  rentrent  en  contact  entre  eux. 
3.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  charge  est  choisie 

parmi  le  carbonate  de  calcium,  le  carbonate  de  magnesium,  I'oxyde  de  calcium,  l'oxyde  de  magnesium, 
I'hydroxyde  de  calcium,  I'hydroxyde  de  magnesium,  I'aluminium  metallique,  I'alumine,  I'alumine 

35  hydratee,  I'argile,  la  silice,  la  terre  de  diatomees,  et  les  melanges  de  ceux-ci. 
4.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  liant,  consiste  en  un 

liant  cellulosique  choisie  parmi  i'hydroxypropyl  cellulose,  la  carboxymethyl  cellulose  et  ses  sels 
d'ammonium,  de  sodium  et  de  potassium,  la  carboxymethyl  cellulose  reticulee  et  ses  sels  d'ammonium,  de 
sodium  et  de  potassium,  I'hydroxyethyl  cellulose,  I'ethyl  hydroxyethyl  cellulose,  I'hydroxypropyl  methyl 

40  cellulose,  la  methyl  cellulose,  I'ethyl  cellulose  et  les  melanges  de  ceux-ci. 
5.  Procede  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  les  liants  naturels,  les  liants 

naturels  modifies  ou  les  liants  synthetiques  sont  choisis  parmi  la  pectine  et  ses  sels  de  sodium,  de 
potassium  et  d'ammonium,  I'amidon,  le  guar  et  ses  derives,  I'hemicellulose,  le  xanthane,  le  curdlan,  un  set 
de  gomme  de  xanthamonas,  la  caragenine,  I'acide  alginique  et  ses  sels  d'ammonium,  de  sodium  et  de 

45  potassium,  I'oxycellulose,  un  alcool  polyvinylique,  un  polymere  d'anhydride  vinyl  maleique,  un  polymere 
d'acide  vinyl  maleique  et  ses  sels  de  sodium,  de  potassium  et  d'ammonium,  la  cellulose  microcristailine,  le 
dextrane,  la  dextrine,  la  cellulose  fibreuse  et  les  melanges  de  ceux-ci. 

6.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  on  incorpore  dans  le 
melange  humide,  de  0,1  a  15%  en  poids,  par  rapport  au  poids  a  sec,  d'un  acide  polyfonctionnel  ou  de  son 

so  sel  d'ammonium,  de  sodium  ou  de  potassium. 
7.  Procede  selon  la  revendication  6,  dans  lequel  I'acide  polyfonctionnel,  est  I'acide  citrique. 
8.  Procede  selon  la  revendication  6,  dans  lequel  I'acide  polyfonctionnel,  est  I'acide  phosphorique. 
9.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  on  incorpore  dans  le 

melange  humide,  de  0,1  a  40%  en  poids,  par  rapport  au  poids  a  sec,  d'un  agent  reticulant  ou  rigidifiant, 
55  choisi  parmi  I'acide  alginique,  la  carboxymethyl  chitine,  I'acide  pectinique,  le  chitosane,  leurs  sels  solubles 

dans  l'eau,  et  les  melanges  de  ceux-ci. 
10.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  on  incorpore  dans  le 

melange  humide,  de  2  a  40%  en  poids,  par  rapport  au  poids  a  sec,  d'un  alcool  choisi  parmi  I'ethanol,  le 
methanol,  I'isopropanol,  le  n-propanol  et  les  melanges  de  ceux-ci. 

so  11.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  les  particules  de 
tabac,  represented  de  50  a  98%  du  melange  sec. 

12.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  liant  est 
prehydrate,  en  le  melangeant  avec  de  l'eau  avant  de  le  melanger  avec  les  autres  constituants  du  melange, 
pour  former  le  melange  humide. 

65  13.  Procede  selon  la  revendication  12,  dans  lequel  on  melange  une  partie  du  liant,  avec  les  autres 
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constituents,  et  dans  lequel  on  prehydrate  seulement  la  partie  restante,  de  facon  a  reduire  ainsi  la  viscosite 
du  liant  prehydrate  et  a  reduire  sa  tendance  a  adherer  sur  le  dispositif  de  traitement. 

14.  Procede  selon  la  revendication  12  ou  13,  dans  lequel  on  ajoute  jusqu'a  5,0%  en  poids  de  particules 
de  tabac,  dans  le  liant  destine  a  etre  prehydrate. 

5  1  5.  Article  a  fumer  contenant  du  tabac,  venu  d'extrusion  est  expanse  en  mousse,  comprenant  plusieurs 
cordons  co-extrudes,  retordus  ensemble  en  s'etendant  a  peu  pres  selon  la  longueur  de  I'article  a  fumer  et 
adherant  entre  eux  en  menageant  des  conduits  d'ecoulement  tortueux  entre  les  cordons,  ces  conduits 
s'etendant  a  peu  pres  selon  la  longueur  de  I'article  a  fumer,  I'article  a  fumer  comprenant  egalement,  par 
rapport  au  poids  a  sec,  (a)  de  5  a  98%  en  poids  de  particules  de  tabac  ayant  une  taille  particulaire  allant 

70  jusqu'a  environ  4  mm,  (b)  de  0  a  60%  en  poids  d'une  charge  ayant  une  taille  particulaire  allant  jusqu'a 
environ  350  um,  et  (c)  de  2  a  40%  en  poids  d'un  liant  choisi  parmi  les  liants  cellulosiques,  les  liants  naturels, 
les  liants  naturels  modifies,  les  liants  synthetiques  et  les  melanges  de  ceux-ci,  et  il  comprend  en  outre  (d) 
d'environ  5  a  environ  20%  en  poids  d'eau,  par  rapport  au  poids  total  du  produit,  I'article  ayant  une  masse 
volumique  d'environ  0,05  a  environ  1,5  g/cm3. 

75  16.  Article  a  fumer  selon  la  revendication  15,  dans  lequel  la  charge  est  choisie  parmi  le  carbonate  de 
calcium,  le  carbonate  de  magnesium,  I'oxyde  de  calcium,  I'oxyde  de  magnesium,  I'hydroxyde  de  calcium, 
I'hydroxyde  de  magnesium,  I'aluminium  metailique,  I'alumine,  I'alumine  hydratee,  I'argile,  la  silice,  la  terre 
de  diatomees  et  les  melanges  de  ceux-ci. 

17.  Article  a  fumer  selon  la  revendication  15  ou  16,  dans  lequel  le  liant  incorpore  dans  le  melange  selon 
20  une  quantite  d'environ  0  a  environ  40%  en  poids,  est  choisi  parmi  I'hydroxypropyl  cellulose,  la 

carboxymethyl  cellulose  et  ses  sels  d'ammonium,  de  sodium  et  de  potassium,  la  carboxymethyl  cellulose 
reticulee  et  ses  sels  d'ammonium,  de  sodium  et  de  potassium,  I'hydroxyethyl  cellulose,  I'ethyl 
hydroxyethyl  cellulose,  I'hydroxypropyl  methyl  cellulose,  la  methyl  cellulose,  I'ethyl  cellulose  et  les 
melanges  de  ceux-ci. 

25  18.  Article  a  fumer  selon  I'une  qulconque  des  revendications  15  a  17,  dans  lequel  les  liants  naturels,  les 
liants  naturels  modifies  et  les  liants  synthetiques,  incorpores  dans  le  melange  selon  une  quantite  de  0  a 
environ  40%  en  poids,  sont  choisis  parmi  la  pectine  et  ses  sels  de  sodium,  de  potassium  et  d'ammonium, 
I'amidon,  le  guar  et  ses  derives,  I'hemicellulose,  le  xanthane,  le  curdlan,  un  sel  de  gomme  de  xanthamonas, 
la  caragenine,  I'acide  alginique  et  ses  sels  d'ammonium,  de  sodium  et  de  potassium,  I'oxycellulose,  un 

30  alcool  polyvinylique,  un  polymere  d'anhydride  vinyl  maleique,  un  polymere  d'acide  vinyul  maleique  et  ses 
sels  de  sodium,  de  potassium  et  d'ammonium,  la  cellulose  microcristalline,  le  dextrane,  la  dextrine,  la 
cellulose  fibreuse  et  les  melanges  de  ceux-ci. 

19.  Article  a  fumer  selon  I'une  quelconque  des  revendications  15  a  18,  comprenant  en  outre  d'environ 
0,1  a  environ  15%  en  poids  d'un  acide  polyfonctionnel  ou  de  son  sel  d'ammonium,  de  sodium  ou  de 

35  potassium. 
20.  Article  a  fumer  selon  la  revendication  19,  dans  lequel  I'acide  polyfonctionnel,  est  I'acide  citrique  ou 

un  citrate. 
21.  Article  a  fumer  selon  la  revendication  19,  dans  lequel  I'acide  polyfonctionnel,  est  I'acide 

phosphorique  ou  un  phosphate. 
40  22.  Article  a  fumer  selon  I'une  quelconque  des  revendications  15  a  21,  comprenant  en  outre  d'environ 

0,1  a  environ  40%  en  poids  d'un  agent  reticulant  ou  rigidifiant,  choisi  parmi  I'acide  alginique,  la 
carboxymethyl  chitine,  I'acide  pectinique,  le  chitosane,  ses  sels  solubles  dans  l'eau,  et  les  melanges  de 
ceux-ci. 

23.  Article  a  fumer  selon  I'une  quelconque  des  revendications  15  a  22,  dans  lequel  les  particules  de 
45  tabac,  represented  d'environ  25  a  environ  98%  du  poids  de  I'article. 

24.  Article  a  fumer  selon  I'une  quelconque  des  revendications  15  a  23,  comprenant  en  outre,  jusqu'a 
1%  en  poids  d'un  agent  moussant  residuel  autre  que  l'eau. 

so 
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