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©  Foamed,  extruded  tobacco-containing  smoking  articles. 
©  A  cigarette  is  formed  by  extruding  a  plurality  of  strands 
32  through  orifices  24  in  a  nozzle  22.  The  mixture  which  is 
extruded  comprises  tobacco  and  binder  in  a  wet  blend  and 
the  conditions  of  extrusion  are  such  that  the  water  evapo- 
rates  and  effects  expansion  of  the  mixture  as  it  leaves  the 
nozzle.  The  extruded  strands  are  twisted  together  so  that 
they  adhere  to  each  other  to  form  a  cylindrical  mass  with 
passages  extending  generally  longitudinally  through  the 
mass. 

The  mixture  to  be  extruded  can  also  contain  fillers,  other 
foaming  agents,  a  polyfunctions!  acid  such  as  citric  or 
phosphoric  acid,  and  alcohol.  In  a  preferred  method  the 
binder  is  mixed  with  water  before  mixing  it  with  the  other 
components  of  the  mixture. 
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The  p r e s e n t   i nven t ion   r e l a t e s   to  the  format ion  of  smoking 
a r t i c l e s   by  e x t r u s i o n   and  foaming  of  a  t o b a c c o - c o n t a i n i n g   m i x t u r e .  

U.S.  Pa t en t   4 ,510 ,950 ,   i ssued  16th  Apr i l   1985  and  t h e  

c o r r e s p o n d i n g   European  Patent   A p p l i c a t i o n ,   pub l i shed   unde r  

No.0113595  on  18th  July  1984,  d e s c r i b e   a  method  in  which  a  

s u b s t a n t i a l l y   c y l i n d r i c a l   smoking  a r t i c l e   is  extruded  unde r  

c o n d i t i o n s   such  that   the  water  in  the  wet  blend  fed  to  the  e x t r u d e r  

die  is  c o n v e r t e d   to  steam,  thereby  foaming  the  a r t i c l e .   The  a r t i c l e  

is  m o n o l i t h i c ,   that   is ,   i t   is  ex t ruded  as  a  s ing le   s t rand  with  a  

d iameter   of  t y p i c a l l y   about  8  mm  if  the  a r t i c l e   is  a  c i g a r e t t e .  

Al though  that   a r t i c l e   r e p r e s e n t s   an  advance  over  the  a r t ,   i n  

c e r t a i n   cases   the  a r t i c l e   has  been  found  to  sof ten   s u f f i c i e n t l y  

during  smoking  to  cause  the  a r t i c l e   to  c o l l a p s e .   A d d i t i o n a l l y ,   i n  

some  cases  the  r e s i s t a n c e - t o - d r a w   (RTD)  of  the  a r t i c l e   has  been  t o o  

high  and /o r   d i f f i c u l t   to  c o n t r o l .  

A c c o r d i n g l y ,   there   is  a  c o n t i n u i n g   need  for  smoking  a r t i c l e s  

that   can  be  manufac tured   e a s i l y ,   whose  RTD  and  other  p h y s i c a l  

p r o p e r t i e s   can  be  e a s i l y   c o n t r o l l e d   w i th in   des i red   ranges ,   and  wh ich  

are  well  accep ted   in  the  m a r k e t p l a c e .  

The  p r e s e n t   i n v e n t i o n   solves  those  and  other  problems,  as  w i l l  

be  exp l a ined   below.  Broadly,   the  p r e s e n t   i n v e n t i o n   concerns  an  

ex t ruded ,   c o h e r e n t ,   m u l t i s t r a n d ,   t o b a c c o - c o n t a i n i n g ,   g e n e r a l l y  

c y l i n d r i c a l   smoking  a r t i c l e   compr is ing   a  p l u r a l i t y   of  c o - e x t r u d e d  

s t r a n d s   t ha t   extend  g e n e r a l l y   along  the  l ong i tude   of  the  smoking 

a r t i c l e   and  are  adhered  to  one  ano ther   so  as  to  leave  f l ow  

passageways  between  the  s t r a n d s ,   which  passageways  extend  g e n e r a l l y  

along  the  l o n g i t u d e   of  the  smoking  a r t i c l e ,   the  c o n f i g u r a t i o n   of  t h e  

s t r ands   and  passageways  providing  s u f f i c i e n t   heat  t r a n s f e r   area  o r  

s u f f i c i e n t   r e s i d e n c e   time  or  both  for  the  hot  gases  drawn  t o w a r d s  

the  proximal   end  of  the  smoking  a r t i c l e   by  a  smoker  to  cool  and  t o  

exi t   the  proximal   end  at  a  comfor t ab le   t empera tu re   for  the  smoker ,  

the  smoking  a r t i c l e   also  compris ing  (a)  from  about  5  to  a b o u t  

98  wt.%  of  tobacco  p a r t i c l e s   having  a  p a r t i c l e   s ize  of  up  to  about  5 

mesh,  (b)  from  0  to  about  60  wt.%  of  a  f i l l e r   having  a  p a r t i c l e   s i z e  

of  up  to  about  350µm,  (c)  from  about  2  to  about  40  wt.  %  of  a 



binder   and  (d)  from  5  to  20  wt.%  of  water ,   the  a r t i c l e   having  a 

d e n s i t y   within  the  range  of  from  0.05  to  1.5  g / c c .  

The  s t rands   are  p r e f e r a b l y   randomly  adhered  to  each  o ther   a l o n g  

t h e i r   outer  s u r f a c e s .  

The  binder  in  the  a r t i c l e   may  be  s e l e c t e d   from  the  groups  o f  

(1)  c e l l u l o s i c   b inde r s   c o n s i s t i n g   of  hyd roxypropy l   c e l l u l o s e ,  

carboxymethyl   c e l l u l o s e   and  i t s   sodium,  po t a s s ium,   and  ammonium 

s a l t s ,   c r o s s - l i n k e d   ca rboxymethy l   c e l l u l o s e   and  i t s   sod ium,  

po tass ium,   and  ammonium  s a l t s ,   hyd roxye thy l   c e l l u l o s e ,   e t h y l  

hydroxye thy l   c e l l u l o s e ,   hydroxypropyl   methyl  c e l l u l o s e ,   m e t h y l  

c e l l u l o s e ,   ethyl   c e l l u l o s e ,   and  mix tures   t h e r e o f ;   or  (2)  n a t u r a l  

b i n d e r s ,   modif ied  n a t u r a l   b i n d e r s ,   and  s y n t h e t i c   b inde r s   c o n s i s t i n g  

of  pec t in   and  i t s   ammonium,  sodium,  and  po tass ium  s a l t s ,   s t a r c h ,  

guar  and  d e r i v a t i v e s   t h e r e o f ,   h e m i c e l l u l o s e ,   xan than ,   cu rd lan ,   a 

s a l t   of  xanthamonas  gum,  ca rageenan ,   a l g i n i c   acid  and  i t s   ammonium, 

sodium,  and  po tass ium  s a l t s ,   c h i t o s a n   and  i t s   water  so lub le   s a l t s ,  

o x y c e l l u l o s e ,   p o l y v i n y l   male ic   acid  polymer  and  i t s   ammonium, 

sodium,  and  po tass ium  s a l t s ,   m i c r o c r y s t a l l i n e   c e l l u l o s e ,   d e x t r a n ,  

d e x t r i n ,   f i b rous   c e l l u l o s e ,   and  mix tures   t h e r e o f ;   or  (3)  a  m i x t u r e  

of  c e l l u l o s i c ,   n a t u r a l ,   modif ied   n a t u r a l ,   or  s y n t h e t i c   b i n d e r s .  

In  one  a spec t ,   the  i n v e n t i o n   concerns  making  a  foamed,  

ex t ruded ,   cohe ren t ,   m u l t i s t r a n d ,   t o b a c c o - c o n t a i n i n g ,   g e n e r a l l y  

c y l i n d r i c a l   smoking  a r t i c l e   compris ing  a  p l u r a l i t y   of  c o - e x t r u d e d  

s t r a n d s   that   extend  g e n e r a l l y   along  the  l o n g i t u d e   of  the  smoking 

a r t i c l e   and  are  adhered ,   p r e f e r a b l y   randomly,   to  one  another   as  a  

r e s u l t   of  the  c o - e x t r u s i o n   process   so  as  to  form  leave  f l o w  

passageways  between  the  s t r a n d s ,   which  passageways  are  p r e f e r a b l y  

randomized  and  extend  g e n e r a l l y   along  the  l o n g i t u d e   of  the  smoking 

a r t i c l e ,   the  c o n f i g u r a t i o n   of  the  s t r ands   and  passageways  p r o v i d i n g  
s u f f i c i e n t   heat  t r a n s f e r   area  or  s u f f i c i e n t   r e s i d e n c e   time  or  b o t h  

for  the  hot  gases  drawn  towards  the  proximal  end  of  the  smoking 

a r t i c l e   by  a  smoker  to  cool  and  to  exi t   the  proximal  end  at  a 

comfor t ab le   t e m p e r a t u r e   for  the  smoker,  the  method  compris ing  t h e  

s t eps   of:  mixing  t o g e t h e r   from  about  5  to  about  98  wt.%  of  t o b a c c o  

p a r t i c l e s   having  a  p a r t i c l e   size  of  up  to  about  5  mesh,  from  0  t o  

about  60  wt.%  of  a  f i l l e r   having  a  p a r t i c l e   s ize   of  up  to  a b o u t  

350 µm,  and  from  about  2  to  about  40  wt.%  of  a  b inder   a l l   measured  



on  a  dry  weight  b a s i s ,   and  water  to  form  a  wet  blend  c o n t a i n i n g   f rom 

about  15  to  about  50  wt.%  of  water ;   and  ex t rud ing   the  wet  b l e n d  

through  a  die  having  a  p l u r a l i t y   of  holes  under  e x t r u s i o n   c o n d i t i o n s  

of  t empera tu re   and  p r e s s u r e   such  that   as  the  wet  blend  is  e x t r u d e d ,  

thereby  forming  a  p l u r a l i t y   of  s t r a n d s ,   (i)  the  mois tu re   in  s a i d  

blend  is  conver ted   to  steam  so  as  to  foam  each  s t rand   and  ( i i )   t h e  

s t r ands   adhere  randomly  to  one  another   along  t h e i r   outer   s u r f a c e s .  

In  ano ther   aspec t   of  the  i n v e n t i o n ,   the  s t r ands   may  a d h e r e  

t o g e t h e r   independent   of  the  e x t r u s i o n   c o n d i t i o n s   and  t empera tu re   by 

the  a p p l i c a t i o n   of  an  adhes ive   or  other   manufac tu r ing   process   t h a t  

wi l l   produce  a  tacky  s u r f a c e   on  the  i n d i v i d u a l   s t r a n d s   so  that   t h e  

s t r a n d s   wi l l   adhere  to  each  o ther   along  t h e i r   outer  s u r f a c e s .  

In  one  embodiment,  the  method  ("Method  A")  comprises   the  s t e p s  

o f :  

(a)  dry  b lending   (i)  from  about  5  to  about  98  wt.%  of  t o b a c c o  

p a r t i c l e s   having  a  p a r t i c l e   s ize   of  up  to  about  5  mesh  and  an  0V 

value  of  from  about  3  to  about  20%  with  ( i i )   from  0  to  about  60  wt.% 

of  a  f i l l e r   having  a  p a r t i c l e   s ize   of  up  to  about  350µm,   and  ( i i i )  

from  about  2  to  about  40  wt.%  of  a  b inder ,   a l l   on  a  dry  w e i g h t  

b a s i s  

(b)  admixing  the  dry  blend  from  step  (a)  with  water  to  form  a  wet  

blend  c o n t a i n i n g   from  about  15  to  about  50  wt.%  of  w a t e r ;  

(c)  e x t r u d i n g   the  wet  blend  from  step  (b)  through  a  die  h a v i n g  

a  p l u r a l i t y   of  ho les ,   under  e x t r u s i o n   c o n d i t i o n s   of  t empera tu re   and 

p r e s s u r e ,   such  that   as  the  wet  blend  is  ex t ruded ,   the reby   forming  a  

p l u r a l i t y   of  s t r a n d s ,   the  mois tu re   in  said  blend  is  conver ted   t o  

steam  so  as  to  foam  each  s t rand   and  the  s t r ands   adhere  to  one 

another   along  t h e i r   outer   s u r f a c e s .  

In  an  a l t e r n a t i v e   embodiment,  the  method  ("Method  B")  c o m p r i s e s  

the  s teps  o f :  

(1)  dry  b lend ing   from  about  5  to  about  98  wt.%  of  t o b a c c o  

p a r t i c l e s   having  a  p a r t i c l e   s ize   of  up  to  about  5  mesh  and  an  0V 

value  of  from  about  3  to  about  20X  with  from  0  to  about  60  wt.%  of  a  

f i l l e r   having  a  p a r t i c l e   s ize   of  up  to  about  3 5 0 µ m  

(2)  p r e h y d r a t i n g   from  2  to  40  wt.%  of  a  binder  by  mixing  t h e  

b inder   with  water  to  a c t i v a t e   the  adhes ive   c h a r a c t e r   of  the  b i n d e r ;  

(3)  admixing  the  dry  blend  from  step  (1)  and  the  p r e h y d r a t e d  



binder   from  s tep   (2)  to  form  a  wet  blend  c o n t a i n i n g   from  about  15 

to  about  50  wt.%  of  water;  and  

(4)  e x t r u d i n g   the  wet  blend  from  s tep  (3)  as  set  f o r t h   i n  

Method  A  s tep   ( c ) .  

The  smoking  a r t i c l e   of  t h i s   i n v e n t i o n   is  easy  to  m a n u f a c t u r e  

and  i t s   RTD  and  other   p h y s i c a l   p r o p e r t i e s   can  be  e a s i l y   c o n t r o l l e d  

w i t h i n   d e s i r e d   ranges .   A d d i t i o n a l l y ,   the  m u l t i s t r a n d ,   c o h e r e n t  

smoking  a r t i c l e   d i sp l ays   a  s u r p r i s i n g   combina t ion   of  p r o p e r t i e s .  

I t s   s t i f f n e s s   and  r e s i s t a n c e   to  c o l l a p s e   are  s i g n i f i c a n t l y   b e t t e r  

than  a  s i n g l e   s t r a n d ' s   but  the  RTD,  d e n s i t y ,   t a s t e ,   and  o t h e r  

p r o p e r t i e s   are  s t i l l   wi th in   commerc ia l ly   f a v o u r a b l e   r a n g e s .  



T h a t   i s   s u r p r i s i n g   b e c a u s e   t h e   p h y s i c a l   c o m p l e x i t y  

of   m a n u f a c t u r e d   s m o k i n g   a r t i c l e s   i s   s u c h   t h a t   c o r -  

r e c t i n g   one  u n f a v o r a b l e   p r o d u c t   v a r i a b l e   u s u a l l y  

r e s u l t s   in   a n o t h e r   b e c o m i n g   u n f a v o r a b l e .   F o r  

e x a m p l e ,   t h e   s t i f f n e s s   o f   t h e   s i n g l e   s t r a n d   s m o k i n g  

a r t i c l e   c o u l d   be  r e n d e r e d   f a v o r a b l e   by  i n c r e a s i n g  

t h e   d e n s i t y   or  c h a n g i n g   t h e   c o m p o s i t i o n   b u t   t h e  

f o r m e r   c h a n g e   w o u l d   r e q u i r e   e x c e s s i v e   a m o u n t s   o f  

t o b a c c o   p e r   a r t i c l e   and   r a i s e   i t s   RTD  and  t h e   l a t t e r  

c h a n g e   w o u l d   p r o b a b l y   c h a n g e   t h e   t a s t e   of   t h e  

a r t i c l e .  

O t h e r   a d v a n t a g e s   o f   t h e   p r e s e n t   i n v e n t i o n  

w i l l   be  a p p a r e n t   f r o m   t h i s   s p e c i f i c a t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

To  f a c i l i t a t e   f u r t h e r   d i s c u s s i o n   o f   t h e  

i n v e n t i o n ,   t h e   f o l l o w i n g   d r a w i n g s   a r e   p r o v i d e d   i n  

w h i c h :  

F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of   t h e   e n d  

o f   t h e   b a r r e l   o f   an  e x t r u d e r   s h o w i n g   t h e   p r e f e r r e d  

d i e   o f   t h i s   i n v e n t i o n ;  

F i g u r e   2  i s   a  s i d e   s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   2-2  o f   F i g u r e   1 ;  

F i g u r e   3  i s   a  p e r s p e c t i v e   v i e w   of   t h e   d i e ;  

F i g u r e   4  i s   a  f r o n t   v i e w   of   t h e   d i e ;  

F i g u r e   5  i s   a  s i d e   s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   5-5  o f   F i g u r e   4 ;  

F i g u r e   6  s h o w s   t h e   l a y o u t   of   t h e   h o l e s   o f  

t h e   d i e ;  

F i g u r e   7  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   t h e  

s t e a m i n g   s t r a n d s   o f   t o b a c c o - c o n t a i n i n g   m a t e r i a l  

l e a v i n g   t h e   e x t r u d e r   b a r r e l   o f   F i g u r e   1 ;  

F i g u r e   8  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   a  

s m o k i n g   a r t i c l e   o f   t h i s   i n v e n t i o n ;  

F i g u r e   9  i s   an  end  v i e w   of   t h e   d i s t a l   e n d  

o f  t h e   s m o k i n g   a r t i c l e ;   a n d  



F i g u r e   10  i s   a  s i d e   s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   1 0 - 1 0   of   F i g u r e   9 .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  e x t r u d e d ,   c o h e r e n t ,   m u l t i s t r a n d ,  

g e n e r a l l y   c y l i n d r i c a l   s m o k i n g   a r t i c l e   o f   t h i s   i n v e n -  

t i o n   c o m p r i s e s   a  p l u r a l i t y   of   c o - e x t r u d e d   s t r a n d s  

t h a t   a r e   a d h e r e d   to   one  a n o t h e r   as  a  r e s u l t   o f   t h e  

c o - e x t r u s i o n   p r o c e s s   u s e d   to   make  t h e   a r t i c l e   o r  

d u r i n g   p o s t - e x t r u s i o n   p r o c e s s i n g   o f   t h e   e x t r u d e d  

s t r a n d s .   The  a d h e r e n c e   r e s u l t s   i n   t h e   a r t i c l e   b e i n g  

" c o h e r e n t , "   t h a t   i s ,   a  u n i t a r y   s t r u c t u r e   o f   s t r a n d s  

s u f f i c i e n t l y   j o i n e d   to   one  a n o t h e r   r a t h e r   t h a n   b e i n g  

a  mere   a s s e m b l a g e   o f   s e p a r a t e   or   i n s u f f i c i e n t l y  

j o i n e d   s t r a n d s .   The  s t r a n d s   a r e   " c o - e x t r u d e d "   i n  

t h e   s e n s e   t h a t   t h e y   e x i t   d i f f e r e n t   h o l e s   o f   t h e   s a m e  

d i e ,   d e s i r a b l y   a t   s u b s t a n t i a l l y   t h e   same  l i n e a r  

v e l o c i t y   as  one   a n o t h e r .   In  t h e   p r e f e r r e d   e m b o d i -  

m e n t ,   t h e   s t r a n d s   a r e   r a n d o m l y   a d h e r e d   t o   one  a n o t h e r  

l e a v i n g   r a n d o m i z e d   p a t h w a y s   a l o n g   t h e   l e n g t h   o f   t h e  

a r t i c l e .  

The  c o n f i g u r a t i o n   o f   t h e   s t r a n d s   a n d  

p a s s a g e w a y s   p r o v i d e s   s u f f i c i e n t   h e a t   t r a n s f e r   a r e a  

or   s u f f i c i e n t   r e s i d e n c e . t i m e   or   b o t h   f o r   t h e   h o t  

g a s e s   d r a w n   t o w a r d s   t h e   p r o x i m a l   end   of   t h e   s m o k i n g  

a r t i c l e   by  a  s m o k e r   to   c o o l   and   t o   e x i t   t h e   p r o x i m a l  

end   a t   a  c o m f o r t a b l e   t e m p e r a t u r e   f o r   t h e   s m o k e r .   B y  

" c o m f o r t a b l e   t e m p e r a t u r e "   i s   m e a n t   l e s s   t h a n   1 5 0 ° F ,  

u s u a l l y   l e s s   t h a n   1 3 5 ° F ,   p r e f e r a b l y   l e s s   t h a n   1 2 0 ° F ,  

and  m o s t   p r e f e r a b l y   l e s s   t h a n   1 0 0 ° F .  

I f   t h e   s t r a n d s   a r e   s e p a r a t e   or   i f   t h e y   a r e  

i n s u f f i c i e n t l y   j o i n e d ,   s t r a n d s   may  move  l o n g i t u d i -  

n a l l y   and  f a l l   o u t   of   t h e   s m o k i n g   a r t i c l e   o r   t h e  

s t r a n d s   may  move  r a d i a l l y   and  t h e   s m o k i n g   a r t i c l e  

may  l o s e   i t s   g e n e r a l l y   c y l i n d r i c a l   s h a p e .   F u r t h e r -  

m o r e ,   t h e   r a n d o m   a d h e r e n c e   i n   c o m b i n a t i o n   w i t h   t h e  

p r o p e r   a r r a n g e m e n t   o f   t h e   s t r a n d s   t o   f o rm  t h e  



r a n d o m i z e d   p a s s a g e w a y s   b e t w e e n   t h e   s t r a n d s   p r e v e n t s  

any   e x t e n s i v e   c h a n n e l i n g   of   t h e   g a s / a e r o s o l   d r a w n   b y  

t h e   s m o k e r .   Such   c h a n n e l i n g   p r e v e n t s   t h e   g a s / a e r o s o l  

f rom  c o n t a c t i n g   s u f f i c i e n t   s u r f a c e   a r e a   a n d / o r   f r o m  

h a v i n g   s u f f i c i e n t   r e s i d e n c e   t i m e   i n   t h e   s m o k i n g  

a r t i c l e   to   c o o l   t h e   g a s / a e r o s o l   s u f f i c i e n t l y .   T h e  

" c o h e r e n t "   n a t u r e   o f   t h e   m u l t i s t r a n d   s m o k i n g   a r t i c l e  

i s   s u c h   t h a t   i t   h a s   t h e   l o o k   and  f e e l   of  a  s m o k i n g  

a r t i c l e   ( e . g . ,   c i g a r e t t e )   made  by  a  c o n v e n t i o n a l  

p r o c e s s .   H o w e v e r   t h e   s m o k i n g   a r t i c l e   i s   f o r m e d ,  

t w i s t i n g   o f   t h e   c o h e r e n t   s t r a n d s   or   r o p e   r e d u c e s   t h e  

c h a n n e l i n g   o f   t h e   smoke   t h r o u g h   t h e   p a s s a g e w a y s .  
T h i s   f o r m s   a  more   t o r t u o u s   p a t h ,   i n c r e a s i n g   t h e   p a t h  

l e n g t h   and  i n c r e a s i n g   t h e   r e l a t i v e   RTD. 

A d h e r i n g   s t r i p s   or   s t r a n d s   of   t o b a c c o  

m a t e r i a l   to   one  a n o t h e r   a f t e r   t h e   s t r i p s   or   s t r a n d s  

h a v e   b e e n   f o r m e d   s i n g l y   and  a r e   r e l a t i v e l y   d r y   d o e s  

n o t   r e s u l t   in   a  p r o d u c t   o f   t h i s   i n v e n t i o n .   E x c e p t  

as  p r o v i d e d   f o r   by  t h e   a d d i t i o n a l   a p p l i c a t i o n   o f   a n  

a d h e s i v e ,   s p e c i a l   p r o c e s s i n g   c o n d i t i o n s ,   or   t w i s t i n g ,  

s u c h   a  s m o k i n g   a r t i c l e   w i l l   g e n e r a l l y   n o t   h a v e   t h e  

r e q u i r e d   b a l a n c e   of   p r o p e r t i e s ,   e . g . ,   t h e   i n t e r n a l  

t o r t u o s i t y   to   c o o l   t h e   g a s / a e r o s o l   s u f f i c i e n t l y ,  

a c c e p t a b l e   RTD,  d e n s i t y ,   t a s t e ,   f e e l ,   and  so  f o r t h .  

F u r t h e r m o r e ,   as  w i l l   be  e x p l a i n e d   b e l o w ,  

many  f a c t o r s   w i l l  a f f e c t   w h e t h e r   a  s m o k i n g   a r t i c l e  

e x t r u d e d   f rom  a  c o m p o s i t i o n   w i t h i n   t h e   p r e s e n t   i n v e n -  

t i o n   f o r m s   a  c o h e r e n t   s m o k i n g   a r t i c l e   w i t h   t h e   r e -  

q u i r e d   p a s s a g e w a y s .   Some  o f   t h e   f a c t o r s   a r e   t y p e   o f  

e x t r u d e r ,   d i e   c o n f i g u r a t i o n ,   a m o u n t   and  t y p e   o f  

b i n d e r   and  o t h e r   a d d i t i v e s   ( e . g . ,   s t i f f e n i n g   a g e n t s ) ,  

a m o u n t   o f   w a t e r   i n   t h e   c o m p o s i t i o n ,   o p e r a t i n g   t e m -  

p e r a t u r e s   i n   t h e   e x t r u d e r   and   e x t r u s i o n  

v e l o c i t y .  

The  t o b a c c o   u s e d   h e r e i n   may  be  any   t y p e   o f  

t o b a c c o   and  w i l l   g e n e r a l l y   be  c o m m i n u t e d   t o b a c c o  

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f   b r i g h t ,   b u r l e y ,  



o r i e n t a l ,   and  m ix tu r e s   t h e r e o f ,   comminuted  r e c o n s t i t u t e d   t o b a c c o ,  

comminuted  s tems,   tobacco  dust  or  f i ne s ,   and  m ix tu r e s   t he reof .   The 

tobacco  may  have  been  p r e v i o u s l y   s u b j e c t e d   to  a  s t i f f e n i n g   o r  

expansion  process   to  i nc r ea se   i t s   f i l l i n g   power.  The  smoking 

a r t i c l e   c o n t a i n s   from  about  5  wt.%  to  about  98  wt.%  tobacco  and  

p r e f e r a b l y   from  about  25-98  wt.%. 

The  tobacco  is  measured  on  a  dry  weight   bas i s   but  in  p r a c t i c e  

may,  for  example,   c o n t a i n   3  to  20%  m o i s t u r e .   Where  a  dry  t o b a c c o  

dust  is  used  some  water   may  be  added  to  i n c r e a s e   the  m o i s t u r e  

con ten t   of  the  tobacco  in  order  to  f a c i l i t a t e   mixing  of  the  d r y  

blend.  The  m o i s t u r e   in  the  dry  blend,   whether   added  or  occur ing  i n  

the  c o n s t i t u e n t   m a t e r i a l s ,   is  included  as  pa r t   of  the  water  c o n t e n t  

of  the  wet  b l e n d .  

Whatever  the  source  of  the  tobacco  p a r t i c l e s ,   the  p a r t i c l e s  

employed  in  the  p r e sen t   i nven t ion   wi l l   have  a  p a r t i c l e   s ize   of  up  t o  

about  5  mesh  (4mm).  P r e f e r a b l y ,   s u b s t a n t i a l l y   a l l   the  p a r t i c l e s  

w i l l   be  l ess   than  35  mesh  (500  mm),  and  more  p r e f e r a b l y   wi l l   be  l e s s  

than  50  mesh  (300  mm).  When  p a r t i c l e   s i z e s   g r e a t e r   than  35  mesh  a r e  

employed,  i t   may  be  neces sa ry   to  add  a  p o l y f u n c t i o n a l   acid,   such  a s  

c i t r i c   or  phosphor ic   acid  and  the i r   ammonium,  sodium,  and  p o t a s s i u m  

s a l t s ,   during  f o r m a t i o n   of  the  wet  blend  in  order  to  achieve  t h e  

de s i r ed   appearance   and  foaming  of  the  ex t ruded   a r t i c l e .   The 

p o l y f u n c t i o n a l   acid  or  i t s   s a l t s   is  added  in  an  amount  such  tha t   t h e  

smoking  a r t i c l e   c o n t a i n s   from  about  0.1  to  about  15  wt.%  t h e r e o f ,  

p r e f e r a b l y   from  about  2  to  about  10  wt .%.  

The  b inder   is  p r e f e r a b l y   s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

c e l l u l o s i c   b i n d e r ,   n a t u r a l   b inders ,   mod i f i ed   n a t u r a l   b i n d e r s ,  

s y n t h e t i c   b inde r s   and  mix tu res   t he r eo f .   The  c e l l u l o s i c   binder   i s  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  hyd roxypropy l   c e l l u l o s e ,  

ca rboxymethy l   c e l l u l o s e   and  i t s   sodium,  p o t a s s i u m ,   and  ammonium 

s a l t s ,   c r o s s - l i n k e d   carboxymethyl   c e l l u l o s e   and  i t s   sod ium,  

po tas s ium,   and  ammonium  s a l t s ,   h y d r o x y e t h y l   c e l l u l o s e ,   e t h y l  

hydroxye thy l   c e l l u l o s e ,   hydroxypropyl   methyl   c e l l u l o s e ,   m e t h y l  

c e l l u l o s e ,   e thy l   c e l l u l o s e ,   and  mix tu res   t h e r e o f .  



The  c e l l u l o s i c   b i n d e r   i s   p r e f e r a b l y   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of   h y d r o x y p r o p y l   c e l l u l o s e ,  

c a r b o x y m e t h y l   c e l l u o s e   and  i t s   ammonium  and  a l k a l i  

m e t a l   s a l t s ,   h y d r o x y e t h y l   c e l l u l o s e ,   and  m i x t u r e s  

t h e r e o f .   A  m i x t u r e   o f   c a r b o x y m e t h y l   c e l l u l o s e   a n d  

h y d r o x y p r o p y l   c e l l u o s e   i s   p a r t i c u l a r l y   p r e f e r r e d .  

The  c e l l u l o s i c   b i n d e r   i s   p r e s e n t   i n   t h e   s m o k i n g  

a r t i c l e   i n   an  a m o u n t   o f   f rom  0  t o   a b o u t   40  wt .%  a n d  

p r e f e r a b l y   f rom  a b o u t   1  to   a b o u t   30  w t . % .  

The  n a t u r a l   b i n d e r s ,   m o d i f i e d   n a t u r a l  

b i n d e r s ,   and   s y n t h e t i c   b i n d e r s   a r e   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   o f   p e c t i n   and  i t s   s o d i u m ,   p o t a s s i u m ,  

and   ammonium  s a l t s ,   s t a r c h ,   g u a r ,   c h i t i n ,   c h i t o s a n ,  

x a n t h a n ,   and   d e r i v a t i v e s   t h e r e o f   ( e . g . ,   h y d r o x y p r o p y l  

g u a r ) ,   h e m i c e l l u l o s e ,   c u r d l a n ,   a  s a l t   o f   x a n t h a m o n a s  

gum,  c a r a g e e n a n ,   o x y c e l l u l o s e ,   p o l y v i n y l   a l c o h o l ,  

v i n y l   m a l e i c   a n h y d r i d e   p o l y m e r ,   v i n y l   m a l e i c   a c i d  

p o l y m e r   and   i t s   s o d i u m ,   p o t a s s i u m ,   and  a m m o n i u m  

s a l t s ,   m i c r o c r y s t a l l i n e   c e l l u l o s e ,   d e x t r a n ,   d e x t r i n ,  

f i b r o u s   c e l l u l o s e ,   and  m i x t u r e s   t h e r e o f .   T h e  

n a t u r a l ,   m o d i f i e d   n a t u r a l ,   and  s y n t h e t i c   b i n d e r s  

a r e   p r e s e n t   in   t h e   s m o k i n g   a r t i c l e   in   an  a m o u n t  

f r o m   0  to   a b o u t   40  w t . % .  

The  t o t a l   a m o u n t   o f   b i n d e r   p r e s e n t   i n   t h e  

s m o k i n g   a r t i c l e   i s   i n   t h e   r a n g e   f r o m   a b o u t   2  to   a b o u t  

40  w t . % .   A  t y p i c a l   b i n d e r   c o m b i n a t i o n   i s   5  w t . %  

h y d r o x y p r o p y l   c e l l u l o s e ,   2 . 5   w t .%  c a r b o x y m e t h y l  

c e l l u l o s e ,   and  2 . 5   w t .%  s t a r c h .   A n o t h e r   t y p i c a l  

c o m b i n a t i o n   i s   1  w t .%  h y d r o x y p r o p y l   c e l l u l o s e ,  

4  w t .%  h y d r o x y p r o p y l   g u a r   and  5  w t . %   s t a r c h .  

The  a r t i c l e   may  a l s o   i n c l u d e   as  a  f i l l e r  

any   p a r t i c u l a t e   m a t e r i a l   h a v i n g   a  p a r t i c l e   s i z e   o f  

up  to   a b o u t   350  µm  t h a t   i s   c o m p a t i b l e   w i t h   t h e   o t h e r  

c o m p o n e n t s   o f   t h e   b l e n d .   The  f i l l e r   i s   p r e f e r a b l y  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   c a l c i u m  

c a r b o n a t e ,   m a g n e s i u m   c a r b o n a t e ,   c a l c i u m   o x i d e ,   m a g -  

n e s i u m   o x i d e ,   c a l c i u m   h y d r o x i d e ,   m a g n e s i u m   h y d r o x i d e ,  



m e t a l l i c   a l u m i n u m ,   a l u m i n a ,   h y d r a t e d   a l u m i n a ,   c l a y ,  

s i l i c a ,   and  m i x t u r e s   t h e r e o f   and  p r e f e r a b l y   i s   c a l -  

c ium  c a r b o n a t e .   When  t h e   f i l l e r   i s   a d d e d ,   i t   i s  

a d d e d   in   an  a m o u n t   so  t h a t   i t   i s   f rom  a b o u t   5  t o  

a b o u t   60  wt .%  o f   t h e   s m o k i n g   a r t i c l e .  

The  d r i e d   o r   e q u i l i b r a t e d   s m o k i n g   a r t i c l e  

c o n t a i n s   f rom  a b o u t   5  t o   a b o u t   20  wt .%  w a t e r ,   w h i c h  

i s   t y p i c a l l y   m e a s u r e d   as   o v e n   v o l a t i l e s   (OV).   P r e -  

f e r a b l y ,   t h e   s m o k i n g   a r t i c l e   c o n t a i n s   f r o m   a b o u t   8  

t o   a b o u t   17  w t .%  w a t e r .  

The  s m o k i n g   a r t i c l e   has   a  d e n s i t y   o f   f r o m  

a b o u t   0 . 0 5   to   a b o u t   1 . 5   g / c c ,   p r e f e r a b l y   f r o m   a b o u t  

0 . 1 0   t o   a b o u t   1 . 0   g / c c .   The  a r t i c l e s   c o m p r i s e   a  

p o r o u s   s t r u c t u r e   t h a t   p e r m i t s   s t a t i c   b u r n i n g   and  t h e  

p a s s a g e   o f   smoke  ( g a s / a e r o s o l )   t h r o u g h   t h e   a r t i c l e  

t o   t h e   s m o k e r .   The  d e n s i t y   o f   t h e   a r t i c l e   i s   r e l a t e d  

to   t h e   p o r o u s   s t r u c t u r e   and   t h e   v o i d s   c r e a t e d   b e t w e e n  

t h e   s t r a n d s ,   and  an  a r t i c l e   h a v i n g   a  d e n s i t y   w i t h i n  

t h e   s p e c i f i e d   r a n g e   and   h a v i n g   t h e   r a n d o m i z e d  

p a s s a g e w a y s   o f   t h i s   i n v e n t i o n   p r o v i d e s   g o o d   b u r n  

r a t e   and  t r a n s m i s s i o n   o f   smoke   to   t h e   s m o k e r .  

The  s m o k i n g   a r t i c l e s   may  a l s o   i n c l u d e   f r o m  

a b o u t   0 . 0 0 1   t o   a b o u t   1  w t . %   o f   an  a l c o h o l   c o m p a t i b l e  

w i t h   t h e   c e l l u l o s i c   b i n d e r ,   t h a t   i s ,   an  a l c o h o l   i n  

w h i c h   t h e   c e l l u l o s i c   b i n d e r   i s   s o l u b l e .   T h a t   a l c o h o l  

i s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f   e t h a n o l ,  

m e t h a n o l ,   i s o p r o p a n o l ,   n - p r o p a n o l ,   and  m i x t u r e s  

t h e r e o f .   The  a l c o h o l   p r e s e n t   i n   t h e   s m o k i n g   a r t i c l e  

may  r e s u l t   f rom  a d d i n g   a l c o h o l   d u r i n g   t h e   f o r m a t i o n  

o f   t h e   a r t i c l e   t o   l o w e r   t h e   m o i s t u r e   c o n t e n t   o f   t h e  

e x t r u d a t e   a t   t h e   d i e   o r   may  be  r e s i d u a l   a l c o h o l   a s  

a  r e s u l t   o f   a d d i n g   f l a v o r   c a s i n g s .  

The  s m o k i n g   a r t i c l e   may  a l s o   c o n t a i n   f r o m  

a b o u t   0 . 1   to   a b o u t   40  w t . % ,   p r e f e r a b l y   f r o m   a b o u t  

0 . 5   to   a b o u t   20  w t . % ,   o f   a  c r o s s - l i n k i n g   o r   s t i f f e n -  

i n g   a g e n t .   The  s t i f f e n i n g   a g e n t   w h i c h   i s   a d d e d   p r i o r  

t o   e x t r u s i o n   and  t h e n   c r o s s - l i n k e d   d u r i n g   e x t r u s i o n  



is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  a l g i n i c   ac id ,   c a r b o x y m e t h y l  

c h i t i n ,   p e c t i n i c   ac id ,   c h i t o s a n ,   carboxymethyl   c h i t o s a n ,   w a t e r  

so lub le   s a l t s   t h e r e o f ,   and  mix tures   t h e r e o f .   From  about  0.1  to  1 0 . 0  

wt.%  of  a  water   so lub le   sa l t   of  ca lc ium,   magnesium,  and /or   a lumin ium 

may  also  be  u s e d .  

The  smoking  a r t i c l e s   are  p r e f e r a b l y   formed  as  g e n e r a l l y  

c y l i n d r i c a l ,   c o h e r e n t ,   m u l t i s t r a n d   a r t i c l e s   having  a  d iamete r   o f  

from  about  2  to  about  35  mm.  p r e f e r a b l y   from  about  4  to  about  25  mm. 

A l t e r n a t e   c r o s s - s e c t i o n a l   c o n f i g u r a t i o n s   may  be  made  with  an  

a p p r o p r i a t e   die ,   for  example,  oval ,   s t a r - s h a p e d ,   c y l i n d r i c a l ,   and 

the  l i k e ,   or  shaped  a p p r o p r i a t e l y   in  a  p o s t - e x t r u s i o n   p r o c e s s .  
These  rods  are  t y p i c a l l y   made  in  c o n v e n t i o n a l   c i g a r e t t e   or  c i g a r  

l e n g t h s   and  may  be  wrapped  with  c i g a r e t t e   paper ,   a  c iga r   wrapper ,   o r  

a  c o - e x t r u d e d   she l l   of  combus t ib le   m a t e r i a l   or  the  l i k e .   The 

a r t i c l e s   may  be  thus  marketed  as  n o n - f i l t e r e d   " c i g a r e t t e s "   or  a s  

" c i g a r s " .   A  c o n v e n t i o n a l   f i l t e r   may  be  jo ined  to  the  " c i g a r e t t e "  

by  t i p p i n g   paper  to  form  a  f i l t e r e d   smoking  a r t i c l e .  

Var ious   f l a v o r a n t s   and/or  humectants   tha t   are  commonly  employed 

in  the  manufac tu re   of  smoking  a r t i c l e s   may  be  added  p r io r   t o  

e x t r u s i o n   or  may  be  subsequen t ly   added  to  the  extuded  a r t i c l e .  

The  method  of  the  present   i n v e n t i o n   comprises   mixing  o r  

b l end ing   t o g e t h e r   tobacco  p a r t i c l e s   with  b inder ,   f i l l e r ,   c r o s s -  

l i n k i n g   or  s t i f f e n i n g   agent,   and  any  o ther   des i r ed   i n g r e d i e n t   w i t h  

water  to  form  a  wet  blend,  and  e x t r u d i n g   the  wet  blend  through  a  d i e  

having  a  p l u r a l i t y   of  holes ,   t he reby   forming  a  p l u r a l i t y   of  s t r a n d s ,  

the  e x t r u s i o n   c o n d i t i o n s   being  such  tha t   the  moisture   in  the  b l e n d  

is  conver t ed   to  steam  so  as  to  foam  each  s t rand   as  i t   e x i t s   the  d i e  

of  the  e x t r u d e r   and  ( i i )   the  s t r a n d s   adhere   to  one  a n o t h e r .   The 

s t r a n d s   may  a l so   be  processed  by  the  a p p l i c a t i o n   of  an  a d h e s i v e ,  

s i m i l a r   m a t e r i a l ,   or  other  manufac tu r i ng   process   under  c o n d i t i o n s  

tha t   wi l l   produce  a  tacky  su r face   on  the  i n d i v i d u a l   s t r a n d s   so  t h a t  

the  s t r a n d s   w i l l   adhere  to  each  other   along  t he i r   outer  s u r f a c e s .  

Mixing  of  the  tobacco,   c e l l u l o s i c   b inde r ,   f i l l e r ,   water ,   and 

other   d e s i r e d   i n g r e d i e n t s   may  be  c a r r i e d   out  in  any  c o n v e n t i o n a l  

mixing  d e v i c e .   The  r e s u l t i n g   mixture   is  to  be  a  wet  b l e n d  

c o n t a i n i n g   from  about  15  to  about  50  wt.X  of  w a t e r .  



One  embodiment  of  the  p r e s e n t   i n v e n t i o n ,   Method  A,  c o m p r i s e s  

the  s t eps :   (a)  dry  b lend ing   tobacco   p a r t i c l e s   with  b inde r ,   f i l l e r ,  

and  any  o ther   d e s i r e d   i n g r e d i e n t ;   (b)  admixing  th is   dry  blend  w i t h  

water  to  form  a  wet  blend;  and  (c)  e x t r u d i n g   the  wet  blend  through  a 

die  having  a  p l u r a l i t y   of  holes   in  accordance   with  the  e x t r u s i o n  

c o n d i t i o n s   set  fo r th   above  so  as  to  foam  each  strand  and  adhere  t h e  

s t r ands   to  one  a n o t h e r .  

An  a l t e r n a t e   and  p r e f e r r e d   embodiment,  Method  B,  compr ises   t h e  

s teps   (1)  dry  b lending  tobacco  p a r t i c l e s   with  f i l l e r ,   and  any  o t h e r  

de s i r ed   i n g r e d i e n t ,   (2)  p r e h y d r a t i n g   the  binder  m a t e r i a l   with  w a t e r  

to  a c t i v a t e   the  adhesive   c h a r a c t e r   of  the  b inder ,   (3)  admixing  t h e  

dry  blend  and  the  p r e h y d r a t e d   b inde r   to  form  a  wet  b lend ,   and  ( 4 )  

ex t rud ing   the  wet  blend  th rough  a  die  having  a  p l u r a l i t y   of  h o l e s  

under  the  e x t r u s i o n   c o n d i t i o n s   set   f o r t h   above  so  as  to  foam  e a c h  

s t rand   and  adhere  the  s t r a n d s   to  one  a n o t h e r .  

R e f e r r i n g   to  Method  A,  b l e n d i n g   in  step  (a)  may  be  c a r r i e d   o u t  

in  any  c o n v e n t i o n a l   mixing  d e v i c e .   The  dry  blend  from  s tep   (a)  i s  

then  admixed  in  step  (b)  with  water  to  form  a  wet  blend  c o n t a i n i n g  

from  about  15  to  about  50  wt.%  of  water .   Step  (b)  is  c a r r i e d   out  i n  

a  c o n v e n t i o n a l   mixing  dev ice ,   such  as  a  h o r i z o n t a l   mixing  c y l i n d e r ,  

and  i t   is  p r e f e r r e d   to  employ  a  low  shear  mixing  d e v i c e .  

R e f e r r i n g   to  Method  B,  s tep  (2) ,   p r ehydra t ing   the  b inder   and 

other   d e s i r e d   m a t e r i a l s   with  water   can  be  c a r r i e d   out  in  a n y  
c o n v e n t i o n a l   mixing  dev ice .   S i m i l a r l y ,   step  (1),   dry  b l e n d i n g  

of  tobacco  p a r t i c l e s ,   f i l l e r ,   and  o ther   des i r ed   m a t e r i a l s ,   can  b e  

c a r r i e d   out  in  any  c o n v e n t i o n a l   mixing  device .   Step  (3) ,   a d m i x i n g  

the  p r e h y d r a t e d   b inder   from  s tep  (2)  and  the  dry  blend  from  s tep   ( 1 )  

can  a lso  be  done  in  a  c o n v e n t i o n a l   mixing  device.   In  t h i s   c o n t e x t ,  

the  r e s u l t i n g   wet  blend  can  then  be  fed  to  the  feed  chamber  of  t h e  

e x t r u d e r   as  desc r ibed   in  g r e a t e r   d e t a i l   below.  In  a  p r e f e r r e d  

embodiment,  Method  B  is  used  in  c o n j u n c t i o n   with  a  twin  s c r e w  

p o s i t i v e   mass  d i sp lacement   e x t r u d e r   having  mu l t i p l e   feed  p o r t s .  

Step  (2)  p r e h y d r a t i o n   is  performed  by  adding  the  b inder   m a t e r i a l s   t o  

a  f i r s t   feed  port   of  the  e x t r u d e r   and  by  adding  the  water  or  s i m i l a r  

so lvent   to  a  second  feed  port   a  d i s t a n c e  



d o w n s t r e a m   of   t h e   f i r s t   f e e d   p o r t   so  t h a t   as  a  

c h a r g e   o f   b i n d e r   i s   i n s e r t e d ,   i t   i s   p r o c e s s e d ,  

s h e a r e d ,   and  h o m o g e n i z e d   as  i t   p r o g r e s s e s   down  t h e  

e x t r u s i o n   b a r r e l s .   Then  i t   i s   a d m i x e d   w i t h   t h e  

w a t e r   as  i t   p a s s e s   t h e   s e c o n d   p o r t ,   p r e h y d r a t i n g  

t h e   b i n d e r   as  t h e   m a t e r i a l s   a r e   d i s p l a c e d   down  t h e  

e x t r u d e r   b a r r e l .   S t e p   ( 1 ) ,   d r y   b l e n d i n g   t h e   t o b a c c o ,  

f i l l e r ,   and  o t h e r   m a t e r i a l s   o c c u r s   in   a  c o n v e n t i o n a l  

m i x i n g   d e v i c e   and  i s   a d d e d   i n   a  b l e n d e d   s t a t e   t o  

t h e   e x t r u d e r   b a r r e l   by  a  t h i r d   f e e d   p o r t ,   a  d i s t a n c e  

d o w n s t r e a m   of   t h e   s e c o n d   p o r t .   Thus   t h e   p r e h y d r a t e d  
b i n d e r   m a t e r i a l   f rom  s t e p   (2)   i s   a d m i x e d   w i t h   t h e  

t o b a c c o   and  o t h e r   m a t e r i a l s   f r o m   s t e p   (1)   in   a  

c o n t i n u o u s   f e e d   p r o c e s s .  
The  a m o u n t   of   w a t e r   p r e s e n t   i n   t h e   w e t  

b l e n d   i s   i m p o r t a n t .   I f   t h e   w a t e r   c o n t e n t   i s   r e d u c e d  

to   l e s s   t h a n   a b o u t   15  w t . % ,   s h e a r   a t   t h e   d i e   m a y  
i n c r e a s e   so  much  t h a t   t h e   s u r f a c e   o f   t h e   e x t r u d e d  

p r o d u c t   b e c o m e s   p o r o u s   and  r o u g h   and   r e s u l t s   in   a  

l e s s   t h a n   d e s i r a b l e   d e g r e e   o f   f o a m i n g .   At  w a t e r  

c o n t e n t s   i n   e x c e s s   of   a b o u t   50  w t . %   i n s u f f i c i e n t  

e n e r g y   may  be  s u p p l i e d   to   t h e   f o r m u l a t i o n   t o  

g e n e r a t e   s u f f i c i e n t   foam  as  t h e   p r o d u c t   e x i t s   t h e  

d i e .   A l s o ,   more   e n e r g y   maybe   r e q u i r e d   t o   d r y   t h e  

p r o d u c t   t o   a  u s e a b l e   c o n d i t i o n   o r   t o   c a u s e   t h e  

s t r a n d s   t o   f oam.   Too  l i t t l e   o r   t o o   much  w a t e r   a l s o  

p r e v e n t s   t h e   e x t r u d e d   s t r a n d s   f r o m   a d h e r i n g   to   o n e  

a n o t h e r   to   t h e   p r o p e r   d e g r e e   to   f o r m   a  c o h e r e n t  

m u l t i s t r a n d   a r t i c l e   w i t h   t h e   d e s i r e d ,   p r e f e r a b l y  

r a n d o m i z e d ,   p a s s a g e w a y s .   A  p o s t - e x t r u s i o n   d r y i n g  

c h a m b e r   may  be  p r o v i d e d   f o r   d r y i n g   t h e   p r o d u c t   t o  

t h e   d e s i r e d   t e m p e r a t u r e   and  m o i s t u r e   l e v e l   t o  

a c h i e v e   t h e   d e s i r e d   p o r o u s   s t r u c t u r e .   P r e f e r a b l y ,  

t h e   d r y i n g   c h a m b e r   c o m p r i s e s   a  m i c r o w a v e   c a v i t y  

and  t h e   p r o d u c t   i s   e x p o s e d   to   m i c r o w a v e s   f o r   a n  

a p p r o p r i a t e   t i m e   to   o b t a i n   a  s m o k i n g   a r t i c l e   h a v i n g  

t h e   d e s i r e d   d e n s i t y .  



Tobacco  p a r t i c l e s   t y p i c a l l y   are  g e n e r a l l y   more  hygroscop ic   t h a n  

b i n d e r ,   abso rb ing   water  at  a  f a s t e r   r a t e .   Any  water  absorbed   by  t h e  

tobacco  in  excess  of  the  de s i r ed   f i n a l   mois tu re   content   of  between  5 

and  20  wt.%  must  be  removed,  t y p i c a l l y   by  drying,   for  example,  u s i n g  

microwave  energy.   F u r t h e r ,   the  lower  the  mois ture   con ten t   of  t h e  

r e s u l t i n g   e x t r u d a t e ,   the  e a s i e r   the  e x t r u d a t e   wil l   be  to  handle   and 

the  l ess   energy  wi l l   be  r e q u i r e d   to  dry  the  e x t r u d a t e .  

In  Method  A,  water  is  added  to  a  dry  blend  of  b inder   and  

tobacco  and  o ther   m a t e r i a l s .   In  Method  B,  water  is  added  to  the  d r y  

b inder   f i r s t ,   be fore   the  bulk,   if   not  a l l   of  the  tobacco  is  a d d e d .  

R e l a t i v e l y   l ess   water  may  be  r e q u i r e d   in  Method  B  than  in  Method  A 

to  a c t i v a t e   the  adhes ive   c h a r a c t e r   of  the  binder   m a t e r i a l s   b e c a u s e  

in  Method  B,  the  b inder   m a t e r i a l s   may  not  have  to  compete  with  any  

or  any  s i g n i f i c a n t   amount  of  tobacco  to  u t i l i z e   the  water .   T h u s ,  

Method  B  is  p r e f e r r e d   because  by  p r e h y d r a t i n g   the  b i n d e r ,   the  w a t e r  

is  d e l i v e r e d   to  the  binder   where  it   is  most  needed,  r educ ing   t h e  

o v e r a l l   amount  of  water  r e q u i r e d   to  have  the  same  s t r e n g t h   p r o d u c t  

as  ob ta ined   by  Method  A. 

A  f u r t h e r   consequence  of  p r e h y d r a t i o n   is  that   because  t h e  

binder   is  exposed  to  most  of  the  water  wi thout   s i g n i f i c a n t   c o m p e t -  

i t i o n ,   i t   becomes  more  fu l ly   a c t i v a t e d   in  both  q u a n t i t y   and  q u a l i t y  

than  the  b inder   in  accordance  with  Method  A.  Therefore   the  amount  o f  

b inder   r e q u i r e d   to  hold  the  e x t r u d a t e   t o g e t h e r   may  be  s i g n i f i c a n t l y  

reduced  to  achieve   the  same  s t r e n g t h   e x t r u d a t e   as  found  by  t h e  

a p p l i c a t i o n   of  Method  A.  Reducing  the  amount  of  binder   used  i s  



n o t   o n l y   more  e c o n o m i c a l ,   b u t   i t   a l s o   e n h a n c e s  

t h e   s u b j e c t i v e   f a c t o r s   of   a  s m o k i n g   a r t i c l e ,   t a s t e ,  

f e e l ,   a r o m a ,   c o l o r ,   and  q u a l i t y   o f   s m o k e .   T h e  

l e s s   b i n d e r   u s e d ,   t h e   more   f a v o r a b l e   t h e   s u b j e c t i v e  

f a c t o r s   w i l l   b e .  

M e t h o d   B  p r e h y d r a t i o n   p r o d u c e s   a  s i g n i f i -  

c a n t l y   more   a c t i v a t e d   b i n d e r   m a t e r i a l   t h a n   M e t h o d   A,  

and   as  a  r e s u l t   t h e   p r e h y d r a t e d   b i n d e r   i s   a l s o   m o r e  
v i s c o u s .   B e c a u s e   some  e x t r u d e r   and   m i x i n g   a p p a r a t u s  

c a n n o t   g e n e r a t e   t h e   f o r c e s   n e c e s s a r y   t o   p r o c e s s   a n d  

e x t r u d e   t h e   s m o k i n g   a r t i c l e   in   a c c o r d a n c e   w i t h   t h i s  

i n v e n t i o n   by  t h e   a p p l i c a t i o n   o f   M e t h o d   B,  i t   may  b e  

a d v a n t a g e o u s   to   d r y   b l e n d   w i t h   t h e   b i n d e r   a  s m a l l  

a m o u n t   o f   t o b a c c o   p a r t i c l e s ,   p r e f e r a b l y   an  a m o u n t  

l e s s   t h a n   5  w t .%  o f   t h e   t o b a c c o ,   a  s m a l l   a m o u n t   o f  

f i l l e r ,   o r   o t h e r   a d d e d   c o m p o n e n t ,   and   t h e n   p r e h y d r a t e  

t h e   b l e n d e d   b i n d e r   and  t o b a c c o   or   o t h e r   c o m p o n e n t s .  

The  r e s u l t a n t   w e t   b l e n d   w i l l   h a v e   a  l o w e r   v i s c o s i t y  

t h a n   i f   no  t o b a c c o   or   o t h e r   c o m p o n e n t   w e r e   p r e s e n t  

and   may  be  more  e a s i l y   p r o c e s s e d   w i t h o u t   s i g n i f i c a n t l y  

r a i s i n g   t h e   m o i s t u r e   c o n t e n t   of   t h e   m a s s .  

A l s o ,   b e c a u s e   t h e   v i s c o u s   p r e h y d r a t e d   b i n d e r  

c a n   b e c o m e   v e r y   s t i c k y   and  a d h e r e   t o   t h e   m i x i n g   e q u i p -  

m e n t ,   i t   i s   a d v a n t a g e o u s   to   d r y   b l e n d   w i t h   t h e   b i n d e r  .  

a  s m a l l   a m o u n t   o f   t o b a c c o   p a r t i c l e s ,   f i l l e r   m a t e r i a l ,  

o r   b o t h .   The  a m o u n t   of   t o b a c c o   a d d e d   i s   p r e f e r a b l y  

l e s s   t h a n   a b o u t   5  wt .   %  of   t h e   t o b a c c o .   The  d r y   b l e n d  

i s   t h e n   p r e h y d r a t e d ,   r e s u l t i n g   i n   a  w e t   b l e n d   t h a t   h a s  

a  r e d u c e d   t e n d e n c y   t o   s t i c k   to   t h e   p r o c e s s i n g   e q u i p m e n t  

and  i s   r e l a t i v e l y   e a s i e r   t o   p r o c e s s   u n i f o r m l y ,   as  t h e  

m a t e r i a l   p r o g r e s s e s   f rom  one  s t e p   t o   t h e   n e x t .  

A l t e r n a t e l y ,   a  p o r t i o n   o f   t h e   b i n d e r   m a y  

be  d r y   b l e n d e d   w i t h   t h e   t o b a c c o   and   t h e   b a l a n c e   o f  

t h e   b i n d e r   p r e h y d r a t e d .   B e c a u s e   o f   t h e   r e l a t i v e  

s u r p l u s   o f   w a t e r   ( l a t e r   t a k e n  

up  by  t h e   d r y   b l e n d e d   t o b a c c o   and  b i n d e r ) ,   t h e  

v i s c o s i t y   w i l l   be  l o w e r   and  t h e   m a s s   e a s i e r   t o  



handle .   Although  having  a  somewhat  h igher   mo i s tu re   con ten t   t h a n  

wi thou t   cross  mixing  tobacco  and  b inder   in  s teps   (1)  and  (2) ,   t h e  

more  e f f i c i e n t   a c t i v a t i o n   of  the  b inder   r e s u l t s   in  a  dryer   and 

s t r o n g e r   e x t r u d a t e   than  that   made  by  the  a p p l i c a t i o n   of  Method  A. 

The  wet  blend  is  fed  into  an  e x t r u d e r   and  p rocessed   as  s e t  

f o r t h   in  g r e a t e r   d e t a i l   below.  The  e x t r u d e r   may  be  a  s i ng l e   s c r e w  

cooking  e x t r u d e r ,   which  is  a  high  t e m p e r a t u r e / s h o r t   r e s i d e n c e   t i m e  

e x t r u d e r   that   is  e s s e n t i a l l y   an  Archimedean  pump.  That  type  o f  

e x t r u d e r   has  been  employed  in  the  food  i n d u s t r y .   Other  s u i t a b l e  

e x t r u d e r s   are  h y d r a u l i c   p i s ton   e x t r u d e r s ,   ram  e x t r u d e r s ,   e x t r u d e r s  

employing  an  e x t r u s i o n   chamber  c o n s i s t i n g   of  a  male  auger  and  a  

s l eeve   which  i n c o r p o r a t e s   a  female  auger ,   a  spacer  r i ng ,   and  a  f a c e  

p l a t e   (or  die)  and  e x t r u d e r s   employing  twin  screws  having  a  p o s i t i v e  

mass  d i sp l acemen t   e x t r u s i o n   a c t i o n .   It  is  impor t an t   tha t   t h e  

tobacco  p a r t i c l e s ,   the  b i n d e r ,   and  any  a d d i t i o n a l   i n g r e d i e n t s   b e  

mixed  to  form  a  homogeneous  mixture   p r i o r   to  e x t r u s i o n .   It  may  be  

d e s i r e d   to  add  water  at  one  or  more  po in t s   along  the  ex t rude r   b a r r e l  

to  con t ro l   the  m o i s t u r e   con ten t   of  the  mass,  for  example,  above  15X 

0V. 

O p t i o n a l l y   a  foaming  agent  may  be  added  to  the  blend  in  Method 

A  or  Method  B.  The  foaming  agent  is  p r e f e r a b l y   s e l e c t e d   from  t h e  

group  c o n s i s t i n g   of  a i r ,   n i t r o g e n ,   carbon  d iox ide ,   n i t r o u s   o x i d e ,  

ammonium  c a r b o n a t e ,   ammonium  carbamate ,   an  a z ide ,   a  h y d r a z i d e ,  

pen tane ,   hexane,  h e p t a n e ,   a  ha logena ted   f l u r o c a r b o n ,   p y r r o l e ,  

ace tone ,   e t h a n o l ,   a  p e r o x i d e ,   and  a zod i ca rbonamide .   Some  of  t h e s e  

foaming  agent  may  r e q u i r e   the  a d d i t i o n   of  an  acid  or  a  base  f o r  

decompos i t i on .   The  foaming  agent  wil l   supplement   the  foaming  e f f e c t  

of  the  water  in  the  wet  blend  and  may  a l low  the  use  of  lower  amounts  

of  w a t e r .  



The  f e e d i n g   b i n   i s   a  common  s t a r t i n g   p o i n t  

f o r   e x t r u d e r   s y s t e m s .   I t   i s   u s u a l l y   l o c a t e d   n e a r  

t h e   e x t r u d e r   and  i t s   p u r p o s e   i s   to   p r o v i d e   a  c o n t i n -  

u o u s   s o u r c e   of   raw  i n g r e d i e n t s   f o r   t h e   r e s t   o f   t h e  

e x t r u d e r   s y s t e m .   The  f e e d i n g   b i n   r e c e i v e s   m a t e r i a l  

f r o m   a  c o n v e n t i o n a l   m i x e r / s u r g e   s y s t e m   and  i t   u s u a l l y  

f e e d s   a  v a r i a b l e   s p e e d   m e t e r i n g / f e e d i n g   d e v i c e .   A 

s i m p l e   g r a v i t y   b i n   w i t h   b o t t o m   d i s c h a r g e   may  be  u s e d  

as  t h e   f e e d i n g   b i n   f o r   t h e   i n g r e d i e n t s   e m p l o y e d   in   a  

d r y   b l e n d i n g   s t e p .  

R e f e r r i n g   t o   M e t h o d   A,  a  v a r i a b l e   s p e e d  

m e t e r i n g / f e e d i n g   d e v i c e   i s   u s u a l l y   e m p l o y e d   to   t r a n s -  

p o r t   t h e   d r y   b l e n d   f r o m   t h e   f e e d i n g   b i n   to   t h e   e x -  

t r u d e r .   W a t e r   may  t h e n   be  a d d e d   e i t h e r   a t   t h e   p o i n t  
o f   e n t r y   to   t h e   e x t r u d e r   or   a t   one  o r   m o r e   l o c a t i o n s  

a l o n g   t h e   e x t r u d e r   b a r r e l .   V i b r a t o r y   f e e d e r s   a n d  

v a r i a b l e   s p e e d   s c r e w   f e e d e r s   a r e   two  c o m m o n l y   u s e d  

m e t e r i n g / f e e d i n g   d e v i c e s .  

An  i n t e r m e d i a r y   p r o c e s s i n g   d e v i c e   s u c h   a s  

a  h o r i z o n t a l   m i x i n g   c y l i n d e r   w i t h   e i t h e r   a  s i n g l e  

s h a f t   or   t w i n   c o u n t e r - r o t a t i n g   s h a f t s ,   may  be  u t i l -  

i z e d   t o   admix   t h e   w a t e r   w i t h   t h e   d r y   b l e n d   i n  

s t e p   ( b ) .   C o n t i n u o u s   m i x i n g   of   t h e   d r y   b l e n d   w i t h  

t h e   w a t e r   i s   a c c o m p l i s h e d   i n   t h e   c y l i n d e r ,   and  f r o m  

t h i s   c y l i n d e r   t h e   w e t   b l e n d   i s   f e d   d i r e c t l y   i n t o   t h e  

e x t r u d e r   b a r r e l .   A l t e r n a t e l y ,   h y d r a t i o n   o f   t h e   d r y  

b l e n d   f rom  s t e p   (b )   c o u l d   o c c u r   w i t h i n   t h e   e x t r u d e r  

b a r r e l   by  t h e   a d d i t i o n   o f   s u f f i c i e n t   w a t e r   a t   a  

c o n t r o l l e d   r a t e   o f   f e e d ,   c o r r e l a t i n g   w i t h   t h e   r a t e  

o f   f e e d   of   t h e   d r y   b l e n d   f rom  s t e p   ( b ) ,   e i t h e r   a t   t h e  

p o i n t   o f   e n t r y ,   o r   d o w n s t r e a m   of   t h e   d r y   b i n d e r   f e e d .  

R e f e r r i n g   t o   M e t h o d   B,  when   a  m u l t i p l e  

f e e d   p o r t   e x t r u d e r   i s   s e l e c t e d ,   e a c h   o f   t h e   m i x i n g  

s t e p s   c an   be  c a r r i e d   o u t   in   a  s e p a r a t e   c o n v e n -  

t i o n a l   m i x e r / s u r g e   s y s t e m   h a v i n g   v a r i a b l e   s p e e d  

m e t e r i n g / f e e d i n g   d e v i c e s   to   p r o v i d e   t h e   d e s i r e d  

b l e n d   t o   t h e   e x t r u d e r .   For   e x a m p l e ,   i n   M e t h o d   B ,  



t h e   b i n d e r   m a t e r i a l s   c o u l d   be  m i x e d   a t   one   s t a t i o n  

and   f e d   to   a  f i r s t   p o r t   u n d e r   a  c o n t r o l l e d   r a t e   o f  

f e e d .   At  a  s e c o n d   s t a t i o n ,   t h e   t o b a c c o ,   f i l l e r ,  

and   o t h e r   m a t e r i a l   c o u l d   be  m i x e d   and   s i m i l a r l y   f e d  

to   a  s e c o n d   p o r t   d o w n s t r e a m   of   t h e   f i r s t   p o r t ,   a l s o  

a t   a  c o n t r o l l e d   r a t e   o f   f e e d .   W a t e r   c o u l d   be  a d d e d  

i n   c o n t r o l l e d   a m o u n t s   to   p r e h y d r a t e   t h e   b i n d e r   a t  

a  l o c a t i o n   b e f o r e   t h e   t o b a c c o   b l e n d   m a t e r i a l   i s  

i n t r o d u c e d   i n t o   t h e   e x t r u d e r   b a r r e l ,   and   a d d e d  

e l s e w h e r e   i f   n e c e s s a r y ,   to   c o n t r o l   t h e   m o i s t u r e  

c o n t e n t .  

When  a  s i n g l e   f e e d   p o r t   e x t r u d e r   i s  

a v a i l a b l e ,   t h e   b i n d e r   c o u l d   be  f i r s t   p r e h y d r a t e d  

i n   an  i n t e r m e d i a r y   p r o c e s s i n g   d e v i c e .   T h e n   t h e  

t o b a c c o ,   f i l l e r ,   and   o t h e r  m a t e r i a l s ,   h a v i n g   f i r s t  

b e e n   d r y   b l e n d e d   i n   a  s e p a r a t e   d e v i c e   a r e   i n t r o d u c e d  

to   t h e   i n t e r m e d i a r y   p r o c e s s o r   f o r   a d m i x t u r e ,   and  t h e  

r e s u l t i n g   w e t   b l e n d   t h e n   f e d   d i r e c t l y   t o   t h e   e x t r u d e r  

b a r r e l .  

The  e x t r u d e r   b a r r e l   may  be   b u i l t   i n   s e g -  
m e n t s   or   s e c t i o n s ,   w i t h   t h e   i n d i v i d u a l   s c r e w s   b e i n g  

s e p a r a t e d   by  s t e a m   l o c k s .   T h a t   g i v e s   e a c h   s e c t i o n  

i t s   own  d i s c r e t e   p r o c e s s i n g   c a p a b i l i t y .   W i t h i n   t h e  

f e e d   zone   o f   t h e   e x t r u d e r   b a r r e l ,   t h e   raw  m a t e r i a l  

e x i s t s   as  d i s c r e t e   p a r t i c l e s .   As  t h e s e   p a r t i c l e s  

a r e   t r a n s p o r t e d   f o r w a r d   i n   t h e   f e e d   z o n e ,   t h e r e   i s   a  

p o s i t i v e   p u m p i n g   a c t i o n   w i t h   some  c o m p r e s s i o n   of   t h e  

m a t e r i a l .   T h i s   c o m p r e s s i o n   p u s h e s   t h e   p a r t i c l e s  

t o g e t h e r   i n t o   a  more   s o l i d   h o m o g e n e o u s   m a s s .  

As  t h e   m a t e r i a l   a d v a n c e s   t o w a r d   t h e   d i e  

and   i n t o   an  a d d i t i o n a l   z o n e   or   z o n e s ,   t h i s   c o m p r e s -  
s i o n   i s   c o n t i n u e d   and   t h e   m a t e r i a l   i s   s u b j e c t e d   t o  

m i x i n g   and  m i l d   s h e a r ,  r e s u l t i n g   i n   h e a t i n g   o f   t h e  

m i x t u r e   u n t i l   t h e   p a r t i c l e s   a r e   t r a n s f o r m e d   i n t o   a  

d o u g h - l i k e   m a s s .   T h e r e   i s   s t i l l   a  p o s i t i v e   p u m p i n g  

e f f e c t   i n   t h e s e   z o n e s   t h a t   i s   u s u a l l y   s o m e w h a t   l e s s  

p o s i t i v e   t h a n   i n   t h e   f e e d i n g   z o n e .  



As  t h e   m i x t u r e   a d v a n c e s   t o w a r d   t h e   f i n a l  

z o n e   b e f o r e   t h e   d i e ,   t h e   e x t r u d e r   b a r r e l   b e c o m e s  

c o m p l e t e l y   f i l l e d   w i t h   p r o d u c t .   L e a k a g e   f l o w   and  . 

p r e s s u r e   f l o w   a r e   g r e a t e s t   w i t h i n   t h i s   f i n a l   z o n e ,  

r e s u l t i n g   in   h i g h e r   v i s c o u s   s h e a r i n g .   T h a t   y i e l d s  

maximum  h e a t   g e n e r a t i o n .   H e a t   i s   g e n e r a t e d   by  t h e  

p a r t i c l e s   r u b b i n g   a g a i n s t   one  a n o t h e r   and  by  t h e  

r e l a t i v e   m o t i o n   of   t h e   m i x t u r e   a g a i n s t   s c r e w   a n d  

w a l l   s u r f a c e s .  

The  f i n a l   d i e   h a s   two  m a j o r   f u n c t i o n s .  

The   f i r s t   i s   to   o f f e r   r e s i s t a n c e   to   t h e   f o r w a r d   f l o w  

o f   t h e   m i x t u r e ,   t h e r e b y   c r e a t i n g   a  c o n d i t i o n   w h e r e  

l e a k a g e   f l o w   and  p r e s s u r e   f l o w   may  o c c u r .   The  s e c o n d  

i s   t o   s h a p e   t h e   f i n a l   p r o d u c t .   F low  r e s i s t a n c e   o f  

t h e   d i e   i s   t h e   g r e a t e s t   f a c t o r   i n   t h e   h e a t i n g   o f   t h e  

m i x t u r e   b e c a u s e   t h e   f l o w   r e s i s t a n c e   h a s   t h e   g r e a t e s t  

c o n t r o l   o v e r   t h e   p r e s s u r e   ( a n d ,   t h e r e f o r e ,   t h e   s h e a r )  

w i t h i n   t h e   b a r r e l .   P r e f e r a b l y ,   t h e   p r e s s u r e   a t   t h e  

i n l e t   o f   t h e   d i e   i s   f r o m   a b o u t   50  to   a b o u t   2500  p s i g ,  

m o r e   p r e f e r a b l y   f rom  a b o u t   150  to   a b o u t   1500  p s i g .  

In  t h e   p r o c e s s   o f   t h e   p r e s e n t   i n v e n t i o n ,  

i t   i s   p r e f e r r e d   to   e m p l o y   a  d i e   h a v i n g   a  p l u r a l i t y  

o f   h o l e s ,   t y p i c a l l y   f rom  a b o u t   10  to   a b o u t   30  h o l e s ,  

e a c h   r a n g i n g   in   s i z e   f rom  a b o u t   0 . 0 1 0   i n c h e s   ( . 2 5 4 m m )  

t o   a b o u t   0 . 0 5 0   i n c h e s   ( 1 . 2 7   mm)  i n   d i a m e t e r .   T h e  

c o m b i n a t i o n   of   t h e   n u m b e r   of   h o l e s   and  s i z e   o f   e a c h  

h o l e   i s   c h o s e n   to   g i v e   t h e   d e s i r e d   d i a m e t e r   and   s h a p e  

o f   t h e   s m o k i n g   a r t i c l e .   The  h o l e s   n e e d   n o t   be  o f  

t h e   same  s i z e   or   s h a p e .   A  t y p i c a l   h o l e   p a t t e r n   w i l l  

be  d e s c r i b e d   b e l o w .   A  d i e   h a v i n g   c e n t r a l l y   l o c a t e d  

h o l e s   and   an  o u t e r   a n n u l a r   o p e n i n g   may  be  u s e d .   T h e  

m a t e r i a l   e x t r u d e d   t h r o u g h   t h e   a n n u l u s   w i l l   fo rm  w h a t  

may  be  c o n s i d e r e d   a  w r a p p e r   f o r   t h e   c o - e x t r u d e d  

s t r a n d s .  

T y p i c a l l y ,   f o a m i n g   o f   t h e   p r o d u c t   o c c u r s  

i m m e d i a t e l y   a f t e r   e x t r u s i o n .   F o a m i n g   i s   a  r e s u l t   o f  

t h e   m o i s t u r e ,   o t h e r   f o a m i n g   a g e n t ,   or   gas   w i t h i n   t h e  



e x t r u d a t e   changing   from  a  s u p e r - h e a t e d   l i q u i d   or  compressed  gas  to  a 

gas  at  e s s e n t i a l l y   a tmosphe r i c   p r e s s u r e   as  the  e x t r u d a t e   leaves   t h e  

h i g h - p r e s s u r e   envi ronment   behind  the  die  i n s ide   the  ex t rude r   and  

e n t e r s   the  a t m o s p h e r i c   environment   j u s t   downstream  of  the  d i e  

o p e n i n g s .  

The  p roce s s   wi l l   be  f u r t h e r   d e s c r i b e d   with  r e f e r e n c e   to  t h e  

p r e f e r r e d   e x t r u d e r s   a l though   other   types   of  e x t r u d e r s   may  b e  

e f f e c t i v e l y   employed.  One  p r e f e r r e d   e x t r u d e r   is  the  Wenger  Model 

X20,  a  s i x - z o n e   e x t r u s i o n   s c r e w / b a r r e l   u n i t ,   commerc ia l ly   a v a i l a b l e  

from  Wenger  M a n u f a c t u r i n g ,   Sabetha,   Kansas.   Various  parameters   f o r  

each  zone  are  set   f o r t h   in  the  fo l lowing   t a b l e .  



Z o n e s   1,  2,  and  3  k n e a d   t h e   e x t r u s i o n   m i x -  

t u r e   to   d e v e l o p   e l a s t i c i t y   and  h y d r a t e   t h e   gum 

( b i n d e r ) .   Z o n e s   4,  5,  and  6  w o r k   t h e   m i x t u r e   by  . 
s h e a r .   I f   t h e   Zone   6  s c r e w   i s   n o t   t a p e r e d ,   t h e   m i x -  

t u r e   w i l l   be  o v e r w o r k e d .   The  m u l t i s t r a n d   d i e   i s  

a t t a c h e d   to   t h e   end   o f   Zone  6 .  

A  1 / 8 - i n c h   ( 3 . 1 7 5   mm)  t h i c k   s p a c e r   h a v i n g  

an  i n n e r   d i a m e t e r   e q u a l   to   t h a t   o f   t h e   Zone  6  b a r r e l  

i s   u s e d   b e t w e e n   t h e   e x i t   of   Zone  6  and  t h e   d i e   i n l e t .  

I f   a  1 / 4 - i n c h   ( 6 . 3 5   mm)  t h i c k   s p a c e r   i s   u s e d ,   some  o f  

t h e   m i x t u r e   t e n d s   t o   c o l l e c t   i n   t h e   s p a c e r ,   and  c o l -  

l e c t e d   m a t e r i a l   w i l l   o c c a s i o n a l l y   e x i t   t h e   d i e   i n  

t h e   fo rm  of   l u m p s .   F u r t h e r m o r e ,   w i t h   t h e   1 / 4 - i n c h  

s p a c e r   and   f o r   t h e   p r e f e r r e d   m i x t u r e ,   t h e   e x t r u d a t e  

w i l l   be  u n d e r w o r k e d ,   a p p e a r   w e t ,   and   e x p a n s i o n   w i l l  

be  i n s u f f i c i e n t .   I f   no  s p a c e r   i s   u s e d ,   i t   i s   p o s s i b l e  

t h e   e x t r u d a t e   w i l l   be  o v e r w o r k e d   and   d a r k e n e d   b y  

c o o k i n g   c a u s e d   by  t h e   o v e r w o r k i n g ,   and  e x p a n s i o n  

w i l l   be  d e c r e a s e d .   T h u s ,   t h e r e   i s   an  o p t i m a l   r a n g e  
f o r   w o r k i n g   of   any   p a r t i c u l a r   e x t r u s i o n   m i x t u r e ,  

o u t s i d e   o f   w h i c h   l e s s   d e s i r a b l e   a r t i c l e s   a r e   p r o d u c e d .  

The  p r o d u c t   i s   t r a n s p o r t e d   t h r o u g h   t h e  

e x t r u d e r   b a r r e l   by  t h e   e x t r u d e r   s c r e w s ,   c o m p l e m e n t e d  

by  t h e   c l o s u r e   a r o u n d   t h e   s c r e w .   The  e x t r u d e r   b a r r e l  

i s   j a c k e t e d ,   and   t h e   j a c k e t   i s   d e s i g n e d   f o r   e i t h e r  

e l e c t r i c a l   h e a t i n g   o r   t h e   c i r c u l a t i o n   o f   w a t e r ,  

s t e a m ,   or   o t h e r   l i q u i d   t h e r m o f l u i d .   T h a t   p e r m i t s  

a d j u s t m e n t   o f   t h e   t e m p e r a t u r e   p r o f i l e   o f   t h e   e x t r u d e r  

b a r r e l   by ,   f o r   e x a m p l e ,   c o n t r o l l i n g   t h e   f l o w   o f  

c o o l i n g   w a t e r   i n   t h e   j a c k e t .   M o s t   o f   t h e   t h e r m o -  

e n e r g y   w i t h i n   t h e   e x t r u d e r   i s   c r e a t e d   by  t h e   c o n v e r -  

s i o n   o f   t h e   m e c h a n i c a l   e n e r g y   i n t o   h e a t .  

For   c o n t i n u o u s   o p e r a t i o n   i t   i s   p r e f e r r e d  

to   e s t a b l i s h   and   m a i n t a i n   a  t e m p e r a t u r e   g r a d i e n t  

t h a t   i n c r e a s e s   a l o n g   t h e   l e n g t h   o f   t h e   e x t r u d e r  

b a r r e l .   The  maximum  t e m p e r a t u r e   w i l l   be  a t   or   j u s t  

b e f o r e   t h e   d i e .   The  t e m p e r a t u r e   g r a d i e n t   w i l l   b e  



w i t h i n   t h e   r a n g e   o f   f r o m   a b o u t   10  to   a b o u t   3 0 0 ° C   a n d  

p r e f e r a b l y   f rom  a b o u t   50  t o   a b o u t   2 5 0 ° C .   U s u a l l y ,  

t h e r m o c o u p l e s   a r e   i n s e r t e d   t h r o u g h   t h e   h e a d   i n t o   t h e  

f l o w   c h a n n e l   and  a r e   c o n n e c t e d   to   e i t h e r   t e m p e r a t u r e  

i n d i c a t o r s   or   t o   a u t o m a t i c   t e m p e r a t u r e   c o n t r o l  

s y s t e m s .  
E a c h   o f   t h e   s i x   z o n e s   o f   t h e   W e n g e r   X 2 0  

u n i t   c a n   be  h e a t e d   o r   c o o l e d .   The  t e m p e r a t u r e s   o f  

Z o n e s   1 -5   a r e   n o t   c r i t i c a l ,   and  s h o u l d   be  h i g h   e n o u g h  

f o r   t h e   m i x t u r e   to   f l o w   t h r o u g h   t h e   e x t r u d e r   b u t  

l e s s   t h a n   a b o u t   2 3 0 ° F   ( 1 1 0 0 C ) .   The  t e m p e r a t u r e   o f  

Zone   6  s h o u l d   be  b e t w e e n   a b o u t   1 6 0 ° F   ( 7 1 ° C )   and   2 6 0 ° F  

( 1 2 7 ° C ) .   W i t h   t h e   p r e f e r r e d   e x t r u s i o n   m i x t u r e   d e s -  

c r i b e d   b e l o w   and  when   m a k i n g   a  c i g a r e t t e - t y p e   s m o k i n g  

a r t i c l e   o f   t h i s   i n v e n t i o n ,   t h e   f o l l o w i n g   c o o l i n g  

w a t e r   e x i t   t e m p e r a t u r e s   h a v e   b e e n   m e a s u r e d :  

T u r n i n g   t o   t h e   d r a w i n g s ,   F i g u r e   1  s h o w s  

t h e   e n d   o f   t y p i c a l   e x t r u s i o n   b a r r e l   20  w i t h   p r e f e r r e d  

d i e   22  h a v i n g   h o l e s   24 .   ( F o r   c l a r i t y   t h e   b a r r e l   i s  

r e p r e s e n t e d   s c h e m a t i c a l l y   and   w i t h o u t   t h e   j a c k e t ,  

c o o l i n g   w a t e r   t u b i n g ,   t h e r m o c o u p l e   w i r e s ,   o r   t h e  

m e a n s   f o r   r e m o v i n g   t h e   h e a d   to   c h a n g e   t h e   d i e . )  

F i g u r e   2  s h o w s   s c r e w   28  s c h e m a t i c a l l y   i n  

b a r r e l   20.   S h o u l d e r   26  on  d i e   22  ( h a v i n g   i n t e r n a l  

c o n i c a l   s u r f a c e   30)   m a t e s   w i t h   a  c o r r e s p o n d i n g   l i p  

on  h e a d   52  and  p r e v e n t s   d i e   22  f rom  b e i n g   f o r c e d   o u t  

o f   t h e   h e a d .   S p a c e r   54  l i e s   b e t w e e n   h e a d   52  a n d  

b a r r e l   2 0 .  

F i g u r e s   3,  4,  and   5  a r e   p e r s p e c t i v e ,   e n d ,  

and   s i d e   s e c t i o n a l   v i e w s   o f   d i e   22,  r e s p e c t i v e l y .  



F i g u r e   6  shows   t h e   l a y o u t   o f   h o l e s   24  o f  

p r e f e r r e d   d i e   22  f o r   m a k i n g   c i g a r e t t e s   f r o m   t h e   p r e -  
f e r r e d   b l e n d .   T h e r e   a r e   t w e n t y - t w o   h o l e s ,   e a c h  

0 . 0 3 3 - 0 . 0 3 5   i n c h e s   i n   d i a m e t e r .   T h e r e   i s   one   h o l e  

i n   t h e   c e n t e r ,   an  i n n e r   r i n g   of   s e v e n   h o l e s ,   and  a n  

o u t e r   r i n g   of   f o u r t e e n   h o l e s .   A n g l e   A  i s   1 2 ° - 5 1 ' ,  

a n g l e   B  i s   2 5 ° - 4 3 ' ,   and  a n g l e   C  i s   5 1 ° - 2 6 ' .   As  w i l l  

be  a p p a r e n t ,   t h e s e   v a l u e s   h a v e   b e e n   r o u n d e d   to   t h e  

n e a r e s t   m i n u t e .   The  i n n e r   r i n g   i s   o f f s e t   f r o m  

( r o t a t e d   w i t h   r e s p e c t   t o )   t h e   o u t e r   r i n g   so  t h a t   n o  

o u t e r   r i n g   h o l e s   and  e i t h e r   o f   t h e   two  n e a r e s t   i n n e r  

r i n g   h o l e s   f a l l s   on  a  l i n e   w i t h   t h e   c e n t e r   h o l e .  

T h a t   i s   to   p r e v e n t   any   e x c e s s i v e   c h a n n e l i n g   i n   t h e  

f i n a l   p r o d u c t .   The  c e n t e r s   o f   t h e   h o l e s   i n   t h e   i n n e r  

and  o u t e r   r i n g s   f a l l   on  t h e   c i r c u m f e r e n c e s   o f   i m a g i -  

n a r y   c i r c l e s   0 . 1 2 8   i n c h e s   ( 3 . 2 5   mm)  and  0 . 2 5 6   i n c h e s  

( 6 . 5   mm)  in   d i a m e t e r ,   r e s p e c t i v e l y .   The  c e n t e r   o f  

e a c h   i m a g i n a r y   c i r c l e   i s   t h e   c e n t e r   o f   t h e   s i n g l e  

c e n t r a l   h o l e   o f   t h e   d i e ,   t h a t   i s ,   t h e   one   c e n t r a l  

h o l e ,   t h e   i n n e r   r i n g ,   and  t h e   o u t e r   r i n g   a r e   c o n -  

c e n t r i c .   The  p r e f e r r e d   d i e   h a s   a  l a n d   l e n g t h   ( l e n g t h  

o f   h o l e s   t h r o u g h   t h e   d i e   f a c e )   o f   1 / 8   i n c h   ( 3 . 1 7 5   m m ) .  

In  F i g u r e   7,  s t r a n d s   32  o f   e x t r u d e d   m a t e -  

r i a l   a r e   shown  l e a v i n g   d i e   22  t h r o u g h   h o l e s   2 4 .  

Upon  l e a v i n g   t h e   d i e ,   t h e   s t r a n d s   e x p a n d   and   t h e n  

c o n t a c t   and  a d h e r e   to   one  a n o t h e r .   The  m o i s t   r o p e  
of   t h e   a d h e r e d   s t r a n d s   c o o l s   and  s t a r t s   t o   h a r d e n  

q u i c k l y .   The  r o p e   may  be  t w i s t e d   t o   f u r t h e r   i n c r e a s e  

t h e   t o r t u o s i t y   o f   t h e   p a s s a g e w a y s   i n   t h e   a r t i c l e .  

The  r o p e   may  be  c o l l e c t e d   on  a  n o n - s t i c k   s u r f a c e   a n d  

t h e n   s e n t   to   a  d r i e r .  

D r y i n g   may  be  a c c o m p l i s h e d   i n   any   s u i t a b l e  

m a n n e r .   M i c r o w a v e   h e a t i n g   i s   p r e f e r r e d   b e c a u s e   o f  

u n i f o r m i t y   in   d r y i n g   a l o n g   t h e   r a d i a l   d i r e c t i o n .  

D r y i n g   d e s i r a b l y   r e d u c e s   t h e   w a t e r   c o n t e n t   o f   t h e  

r o p e   made  by  t h e   a p p l i c a t i o n   o f   M e t h o d   A  f r o m   a b o u t  

2 5 - 3 5   wt .%  a t   t h e   d i e   e x i t   to   a b o u t   1 2 - 1 5   w t . % .  



In  t h e   a p p l i c a t i o n   of  M e t h o d   B,  t h e   w a t e r  

c o n t e n t   of   t h e   r o p e   o f   s t r a n d s   i s   d e s i r a b l y   r e d u c e d  

f r o m   a b o u t   2 0 - 3 5   w t . %   a t   t h e   d i e   e x i t   t o   a b o u t  

1 2 - 1 5   w t . % .  

A f t e r   d r y i n g ,   t h e   r o p e   may  be  w r a p p e d ,   c u t ,  

and   t i p p e d   w i t h   a  f i l t e r   t o   p r o d u c e   a  c i g a r e t t e   a s  

s h o w n   i n   F i g u r e   8.  C i g a r e t t e   34  c o m p r i s e s   t o b a c c o  

r o d   38  and  f i l t e r   3 6 .  

F i g u r e   9  i s   an  end   v i e w   of   t o b a c c o   r o d   3 8  

o f   c i g a r e t t e   34 .   P a s s a g e w a y s   44  l i e   b e t w e e n  

s t r a n d s   32.   The  c i r c u m f e r e n c e   o f   s t r a n d s   32  i s   n o t  

c o m p l e t e l y   c i r c u l a r   b e c a u s e   of   d e f o r m a t i o n   a t   t h e  

p o i n t s   o f   c o n t a c t   ( a n d   a d h e r e n c e )   o f   t h e   s t r a n d s   t o  

one   a n o t h e r .  

B e c a u s e   o f   m i c r o v a r i a t i o n   i n   t h e   c o m p o s i -  

t i o n   and   p a r t i c l e   s i z e s   o f   t h e   m i x t u r e   e x i t i n g   e a c h  

h o l e   o f   t h e   d i e   and   b e c a u s e   o f   m i c r o v a r i a t i o n s   i n  

t h e   p r e s s u r e s   j u s t   u p s t r e a m   of   e a c h   d i e   h o l e ,   t h e  

e x t r u d e d ,   f o a m e d   s t r a n d s   i n   t h e   p r e f e r r e d   e m b o d i m e n t  

h a v e   g e n e r a l l y   s m o o t h   b u t   s l i g h t l y   i r r e g u l a r   s u r f a c e s .  

The  i r r e g u l a r i t y   i s   t y p i c a l l y   r a n d o m   and   a  p r i n c i p a l  

c a u s e   o f   t h e   r a n d o m n e s s   o f   c o n t a c t   o f   a d j a c e n t   s t r a n d s .  

N o r m a l l y ,   t h e   c o n t a c t   o c c u r s   a l m o s t   i m m e d i a t e l y   a f t e r  

t h e   s t r a n d s   l e a v e   t h e   d i e ,   and  b e c a u s e   o f   t h e   t a c k i -  

n e s s   o f   t h e   m a t e r i a l ,   a d h e r e n c e   i s   i m m e d i a t e   u p o n  
c o n t a c t .   I f   t h e   s t r a n d s   do  n o t   e x p a n d   s u f f i c i e n t l y  

( e . g . ,   b e c a u s e   o f   o v e r -   o r   u n d e r w o r k i n g   o r   t o o   m u c h  

o r   t o o   l i t t l e   w a t e r )   o r   i f   t h e   m a t e r i a l   d o e s   n o t  

h a v e   s u f f i c i e n t   t a c k i n e s s   ( e . g . ,   b e c a u s e   t h e   s t r a n d s  

a r e   t o o   d r y ,   t o o   c o l d ,   or   t h e   b i n d e r   i s   n o t   s a t i s -  

f a c t o r y ) ,   t h e   d e s i r e d   c o n t a c t   and  a d h e r e n c e   w i l l   n o t  

o c c u r   and  t h e   a r t i c l e   w i l l   n o t   h a v e   t h e   d e s i r e d  

n e t w o r k   o f   p a s s a g e w a y s   w i t h o u t   p o s t - e x t r u s i o n  

p r o c e s s i n g .  

The  h o l e s   o f   t h e   d i e   s h o u l d   n o t   be  t o o   f a r  

a p a r t ,   o t h e r w i s e   t h e   e x t r u d e d   s t r a n d s   w i l l   n o t   b e  

a b l e   to,  c o n t a c t   one   a n o t h e r   s o o n   e n o u g h   a f t e r   l e a v i n g  



t h e   d i e   f o r   s u f f i c i e n t   a d h e r e n c e   to   o c c u r .   I f   t h e  

v e l o c i t y   o f   t h e   e x i t i n g   s t r a n d s   i s   t o o   h i g h ,   t h e  

s t r a n d s   may  c o o l   t o o   much  b e f o r e   t h e y   c an   c o n t a c t  

and  a d h e r e   s u f f i c i e n t l y   to   one  a n o t h e r .   A l s o ,   t h e  

l i n e a r   v e l o c i t y   of   t h e   s t r a n d s   e x i t i n g   t h e   d i e   s h o u l d  

be  s u b s t a n t i a l l y   u n i f o r m   so  t h a t   t h e r e   i s   as  l i t t l e  

l i n e a r   m o t i o n   of   t h e   s t r a n d s   w i t h   r e s p e c t   t o   o n e  

a n o t h e r   as  p o s s i b l e .   To  a c h i e v e   t h i s   u n i f o r m  

v e l o c i t y   may  r e q u i r e   t h e   d i e   h a v i n g   h o l e s   o f  

d i f f e r e n t   s i z e s ,   d e p e n d i n g   on  t h e   p a r t i c u l a r   e x t r u d e r  

u s e d   and  i t s   p a r t i c u l a r   p r e s s u r e   p r o f i l e   j u s t  

u p s t r e a m   of   t h e   d i e .  

In  a c c o r d a n c e   w i t h   t h e   p o s t - e x t r u s i o n   p r o -  
c e s s i n g   o f   t h e   s t r a n d s ,   t h e   s p a c i n g   o f   t h e   h o l e s   a n d  

t h e   t e m p e r a t u r e   o f   t h e   s t r a n d s   as  e x t r u d e d   may  b e  

l e s s   i m p o r t a n t   f o r   c a u s i n g   t h e   s t r a n d s   t o   a d h e r e   t o  

e a c h   o t h e r   b e c a u s e   h e a t   s u f f i c i e n t   to   c a u s e   t h e  

s t r a n d s   t o   b e c o m e   t a c k y   and  a d h e r e   i s   i m p a r t e d   t o  

t h e   p r o d u c t   w h i l e   i t   i s   h e a t e d   i n   t h e   d r y i n g   c h a m b e r  

o r ,   in   o t h e r   c i r c u m s t a n c e s ,   an  a d h e s i v e   or   o t h e r   m a n u -  

f a c t u r i n g   c o n d i t i o n   i s   a p p l i e d   t o   c a u s e   t h e   a d j a c e n t  

s t r a n d s   to   a d h e r e   to   one  a n o t h e r .  

F i g u r e   10  i s   an  e n l a r g e d   v i e w   o f   a  p o r t i o n  

o f   t o b a c c o   r o d   38  h a v i n g   w r a p p i n g   p a p e r   40 ,   c o a l   4 2 ,  

and  p a s s a g e w a y s   44 .   A r r o w   48  i n d i c a t e s   t h e   f l o w   o f  

smoke  to   t h e   end   o f   t h e   c i g a r e t t e   p r o x i m a l   t o   t h e  

s m o k e r .   When  t h a t   smoke  r e a c h e s   an  a r e a   o f   a d h e r -  

e n c e   46  o f   one   s t r a n d   t o   a n o t h e r ,   t h e   smoke   f i n d s  

p a s s a g e w a y   44  b l o c k e d   and  may  t r a v e l   t o w a r d s   t h e  

s m o k e r   as  i n d i c a t e d   by  a r r o w s   5 0 .  



E x a m p l e   I  

To  i l l u s t r a t e   p r e p a r a t i o n   o f   s m o k i n g   a r t i -  

c l e s   w i t h i n   t h i s   i n v e n t i o n ,   t h e   p r e f e r r e d   e x t r u d i n g  

c o m p o s i t i o n   was  p r e p a r e d   and  e x t r u d e d   i n   a c c o r d a n c e  

w i t h   M e t h o d   A.  T h a t   c o m p o s i t i o n   was  made  by  f i r s t  

d r y   b l e n d i n g  

90  w t . %   T o b a c c o   d u s t  

5  w t . %   H y d r o x y p r o p y l   c e l l u l o s e  

( K l u c e l @   HF  f r o m   H e r c u l e s ,  

I n c . )  

2 . 5   w t . %   C a r b o x y m e t h y l   c e l l u l o s e  

(CMC  7  HF  f r o m   H e r c u l e s ,  

I n c . )  

2 . 5   w t . %   S t a r c h  

( L i n c o l n   p r e - g e l a t i n i z e d  

c o r n   c e r e a l   b i n d e r   # 2 0 1 F  

f rom  L i n c o l n   G r a i n ,   I n c .   i n  

A t c h i s o n ,   K a n s a s )  

and   l o a d i n g   t h a t   m i x t u r e   i n t o   t h e   f e e d   h o p p e r   of   a  

p r e f e r r e d   e x t r u d e r ,   t h e   W e n g e r   X20  u n i t   d e s c r i b e d  

a b o v e .   The  t o b a c c o   d u s t   was  a  m i x t u r e   o f   b u r l e y ,  

b r i g h t ,   and   o r i e n t a l   t o b a c c o   p a r t i c l e s ,   e s s e n t i a l l y  

a l l   o f   w h i c h   w e r e   l e s s   t h a n   80  mesh   i n   s i z e .  

The  e x t r u d e r   f e e d e r   s p e e d   was  s e t   a t  

10  rpm,  w h i c h   c o r r e s p o n d s   to   a b o u t   136  p o u n d s   p e r  
h o u r   o f   d r y   m i x t u r e ,   and   t h e   m i x i n g   c y l i n d e r   s p e e d  

was  s e t   a t   300  rpm.   To  show  t h e   e f f e c t   on  p r o d u c t  

p r o p e r t i e s   o f   t h e   a m o u n t   o f   w a t e r   u s e d   i n   m a k i n g   t h e  

w e t   b l e n d ,   t h e   e f f e c t   o f   e x t r u d e r   b a r r e l   t e m p e r a t u r e ,  

and   t h e   e f f e c t   o f   v a r i a t i o n s   i n   e x t r u d e r   s p e e d  

( w o r k i n g   o f   t h e   m i x t u r e ) ,   c o m p a r a t i v e   r u n s   we re   a l s o  

p e r f o r m e d .   In   a l l   r u n s   t h e   W e n g e r   X20  u n i t ,   t h e  



p r e f e r r e d   d i e ,   and  a  1 /8   i n c h   s p a c e r   b e t w e e n   Zone  6 

and  t h e   d i e   w e r e   u s e d .  

The  e x t r u d e d   r o p e s   ( i f   f o r m e d )   w e r e   d r i e d ,  

w r a p p e d   ( i f   p o s s i b l e ) ,   c u t   to   r o d s   63  mm  in   l e n g t h ,  

and  j o i n e d   to   a  f i l t e r   ( i f   p o s s i b l e ) .   The  r u n   c o n -  
d i t i o n s   and   r e s u l t s   a r e   shown   i n   t h e   t a b l e   b e l o w .  







Runs  591  and  5 9 1 A - I   show  t h a t   e i t h e r   t o o  

much  ( 5 9 1 C ,   D,  E)  or   t o o   l i t t l e   w a t e r   ( 5 9 1 B )   i n   t h e  

m i x t u r e   in   t h e   d i e   f e e d   r e s u l t s   in   p o o r   e x p a n s i o n  

a n d / o r   p o o r   a d h e s i o n   o f   t h e   e x t r u d e d   s t r a n d s .   C o m -  

p a r i s o n   o f   Runs   591  and  5 9 1 J - N   show  t h a t   t o o   m u c h  

w o r k i n g   ( 5 9 1 K )   o f   t h e   m i x t u r e   i n   t h e   e x t r u d e r   p r e -  

v e n t s   p r o p e r   e x p a n s i o n   a n d / o r   a d h e s i o n   o f   t h e  

s t r a n d s .  

A  more   p r e f e r r e d   e x t r u d e r   i s   t h e   c o m m e r -  

c i a l l y   a v a i l a b l e   B a k e r - P e r k i n s   Twin  Sc rew  e x t r u d e r ,  

Mode l   No.  MPF50D  ( o r   MPF50L) .   B a k e r - P e r k i n s   i s  

l o c a t e d   i n   R a l e i g h ,   N o r t h   C a r o l i n a .  

E x a m p l e   I I  

The  f o l l o w i n g   e x a m p l e s   w e r e   e x t r u d e d   i n   a  
B a k e r - P e r k i n s   t w i n   s c r e w   e x t r u d e r ,   Model   M P F - 5 0 D ,  

h a v i n g   a  1 2 6 3 . 6   mm  l o n g   e x t r u s i o n   c h a m b e r ,   w h e r e i n  

t h e   two  s c r e w s   had   t h e   same  a s s e m b l a g e   o f   c o m p o n e n t s ,  

as  f o l l o w s :  



Screw  Assembly 

Length  Elements  ( C o n t ' d )  

101.6  mm  Single   l e a d  

mu l t i ho l e   die  22  holes  about  .889  mm  d iamete r   in  a 

die  face  about  25.4  mm  in  d i a m e t e r  

The  s c r e w s   w e r e   r o t a t e d   so  as  to   be  90°  o u t   o f   p h a s e  

to   p r e v e n t   i n t e r f e r i n g   w i t h   e a c h   o t h e r   and   to   p r o v i d e  

a  t o l e r a n c e   b e t w e e n   t h e   s c r e w s   of   a b o u t   5 0 / 6 4   mm. 

The  B a k e r - P e r k i n s   e x t r u d e r   h a s   m u l t i p l e   f e e d   p o r t s  

a l o n g   i t s   l e n g t h   so  a u x i l l a r y   m i x i n g   e q u i p m e n t   w a s  

n o t   r e q u i r e d   as  i t   was  t h e   c a s e   i n   t h e   W e n g e r  

e x t r u d e r .   The  b i n d e r   was  a d d e d   a t   a  d i s t a n c e   1 5 : 1  

l e n g t h : d i a m e t e r   ( " L / D " )   s c r e w   l e n g t h   m e a s u r e d   f r o m  

t h e   e x t r u s i o n   end   ( d i e ) ,   t h e   w a t e r   u s e d   to   p r e h y d r a t e  

t h e   b i n d e r   was  a d d e d   a t   a  d i s t a n c e   1 2 : 1   ( L / D )   f r o m  

t h e   d i e ,   and  t h e   t o b a c c o   d u s t   was  a d d e d   a t   a  d i s t a n c e  

1 0 : 1   ( L / D )   f rom  t h e   d i e .   The  b i n d e r   m i x t u r e   u s e d  

c o n s i s t e d   o f   t h e   f o l l o w i n g   b l e n d :  

The  r e s u l t s   of   t h e   v a r i o u s   e x t r u s i o n s   a r e   s e t   f o r t h  

i n   T a b l e   II   b e l o w .  

The  p r o d u c t s   o f   r u n s   c,  d,  and  e,  made  i n  

a c c o r d a n c e   w i t h   M e t h o d   B  p r e h y d r a t i o n   o f   b i n d e r   t e c h -  

n i q u e ,   w e r e   much  s t r o n g e r   and  b e t t e r   i n   a p p e a r a n c e  
t h a n   t h e   p r o d u c t   made  by  t h e   n o n - p r e h y d r a t e d   M e t h o d   A,  

r u n   a,  e v e n   t h o u g h   t h e y   c o n t a i n e d   a  s i g n i f i c a n t l y  

l e s s e r   a m o u n t   of   b i n d e r .   In  a d d i t i o n ,   u s i n g   M e t h o d   B 

and  p r e h y d r a t i n g   t h e   b i n d e r   a l l o w e d   f o r   t h e   e x t r u s i o n  

of   a  d r i e r   e x t r u d a t e   by  u s i n g   a  l e s s e r   a m o u n t   o f   w a t e r .  

Run  " a " ,   made  in   a c c o r d a n c e   w i t h   M e t h o d   A,  c o u l d   n o t  

p r o d u c e   a  s a t i s f a c t o r y   p r o d u c t   w i t h   a  l e s s e r   a m o u n t   o f  

w a t e r   o r   a  l e s s e r   a m o u n t   o f   b i n d e r   t h a n   u s e d   i n   e x a m p l e .  





1.  A  method  of  making  a  foamed,  ex t ruded ,   t o b a c c o - c o n t a i n i n g  

smoking  a r t i c l e   c o m p r i s i n g   forming  a  wet  blend  c o n t a i n i n g   15%  to  50% ' 

of  water  and  the  r ema inde r ,   on  a  dry  weight   bas i s ,   compr i s ing   5  t o  

98X  weight  %  of  tobacco  p a r t i c l e s   having  a  p a r t i c l e   size  up  to  5 

mesh  (4mm),  from  0  to  60  weight  %  of  a  f i l l e r   having  a  p a r t i c l e   s i z e  

of  not  more  than  350  µm,  and   from  2  to  40  %  by  weight  of  a  b i n d e r ,  

ex t rud ing   the  wet  blend  through  a  die  having  a  p l u r a l i t y   o f  

holes  to  form  a  p l u r a l i t y   of  s t r ands ,   the  s t r ands   being  foamed  by 

the  convers ion   of  some  of  the  mois tu re   to  steam  and  adhered  t o g e t h e r  

to  form  a  smoking  a r t i c l e   with  a  dens i ty   in  the  range  of  0.05  to  1.5 

gm/cc .  

2.  A  method  as  c la imed  in  claim  1  in  which  the  ext ruded  s t r a n d s  

are  twis ted   t o g e t h e r .  

3.  A  method  as  c la imed  in  claim  1  or  2  f u r t h e r   compr i s ing   a d h e r i n g  

the  s t r ands   to  each  o the r   by  applying  a  m a t e r i a l   to  the  i n d i v i d u a l  

s t r ands   to  produce  a  tacky  su r face   on  the  s t r ands   before   they  a r e  

brought  into  c o n t a c t .  

4.  A  method  as  c la imed  in  any  of  the  p reced ing   c la ims   in  which  t h e  

f i l l e r   is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  ca lc ium  c a r b o n a t e ,  

magnesium  c a r b o n a t e ,   ca lc ium  oxide,  magnesium  oxide,  c a l c i u m  

hydroxide ,   magnesium  hydrox ide ,   m e t a l l i c   a lumin ium,   a l u m i n a ,  

hydra ted   a lumina,   c l ay ,   s i l i c a ,   d i a tomaceous   e a r th ,   and  m i x t u r e s  

t h e r e o f .  

5.  A  method  as  c la imed  in  any  of  the  p reced ing   c la ims  in  which  t h e  

binder   is  a  c e l l u l o s i c   b inder   s e l ec t ed   from  the  group  c o n s i s t i n g   o f  

hydroxypropyl   c e l l u l o s e ,   carboxymethyl   c e l l u l o s e   and  i t s   ammonium, 

sodium,  and  po ta s s ium  s a l t s ,   c r o s s - l i n k e d   ca rboxymethy l   c e l l u l o s e  

and  i t s   ammonium,  sodium,  and  po tass ium,   s a l t s ,   h y d r o x y e t h y l  

c e l l u l o s e ,   e thy l   h y d r o x y e t h y l   c e l l u l o s e ,   hydroxypropy l   m e t h y l  

c e l l u l o s e ,   methyl  c e l l u l o s e ,   e thyl   c e l l u l o s e ,   and  mixtures   t h e r e o f .  



6.  A  method  as  claimed  in  any  of  c la ims   1  to  4  in  which  the  b i n d e r  

is  a  n a t u r a l   bindey,  modif ied   n a t u r a l   b inder ,   or  s y n t h e t i c   b i n d e r  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  pec t in   and  i t s   s o d i u m ,  

po t a s s ium,   and  ammonium  s a l t s ,   s t a r c h ,   guar  and  d e r i v a t i v e s   t h e r e o f ,  

h e m i c e l l u l o s e ,   xanthan,  cu rd lan ,   a  s a l t   of  xanthamonas  gum, 

ca rageenan ,   a l g i n i c   acid  and  i t s   ammonium,  sodium,  and  p o t a s s i u m  

s a l t s ,   o x y c e l l u l o s e ,   po lyv iny l   a l c o h o l ,   v inyl   maleic  a n h y d r i d e  

polymer,   v iny l   male ic   acid  polymer  and  i t s   sodium,  p o t a s s i u m ,   and  

ammonium  s a l t s ,   m i c r o c r y s t a l l i n e   c e l l u l o s e ,   dex t ran ,   d e x t r i n ,  

f i b r o u s   c e l l u l o s e ,   and  mix tu res   t h e r e o f .  

7.  A  method  as  claimed  in  any  of  the  preceding  c la ims   in  w h i c h  

from  0.1  to  15  wt.  %  of  a  p o l y f u n c t i o n a l   acid  or  i t s   ammonium, 

sodium  or  potass ium  s a l t s   is  i nc luded   in  the  dry  m i x t u r e .  

8.  A  method  as  c laimed  in  claim  7  in  which  the  p o l y f u n c t i o n a l  

acid  is  c i t r i c   a c i d .  

9.  A  method  as  claimed  in  claim  7  in  which  the  p o l y f u n c t i o n a l   a c i d  

is  phosphor i c   a c i d .  

10.  A  method  as  claimed  in  any  of  the  preceding  c laims  in  w h i c h  

from  0.1  to  40  wt.%  of  a  c r o s s - l i n k i n g   or  s t i f f e n i n g   agent  s e l e c t e d  

from  the  group  c o n s i s t i n g   of  a l g i n i c   acid,   carboxymethyl   c h i t i n ,  

p e c t i n i c   ac id ,   c h i t o s a n ,   water  s o l u b l e   s a l t s   t h e r e o f ,   and  m i x t u r e s  

t h e r e o f ,   is  inc luded   in  the  dry  m i x t u r e .  

11.  A  method  as  claimed  in  any  of  the  preceding   c la ims  where in   f r o m  

2  to  40  wt.%  of  an  a lcohol   s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

e t h a n o l ,   methanol ,   i s o p r o p a n o l ,   n - p r o p a n o l ,   and  m ix tu r e s   t h e r e o f   i s  

i nc luded   in  the  dry  m i x t u r e .  

12.  A  method  as  claimed  in  any  of  the  preceding  c la ims  in  which  t h e  

tobacco  p a r t i c l e s   comprise  between  50  and  98%  of  the  dry  m i x t u r e .  



13.  A  method  as  c la imed  in  any  of  the  p reced ing   c la ims   in  which  t h e  

b inder   is  p r e - h y d r a t e d   by  admix tu re   with  water   before   being  mixed 

with  the  other   c o n s t i t u e n t s   of  the  mixture  to  form  the  wet  b l e n d .  

14.  A  method  as  c la imed  in  claim  13  in  which  a  par t   of  the  b i n d e r  

is  mixed  dry  with  the  o ther   c o n s t i t u e n t s   and  only  the  r emain ing   p a r t  

is  p r e - h y d r a t e d ,   thereby  reduc ing   the  v i s c o s i t y   of  the  p r e - h y d r a t e d  

b inder   and  reducing   i t s   tendency  to  s t i ck   to  the  p r o c e s s i n g  

e q u i p m e n t .  

15.  A  method  as  c la imed  in  claim  13 or   14  in  which  up  to  5.0  wt.% 

of  the  tobacco  p a r t i c l e s   is  added  to  the  b inder   to  be  p r e - h y d r a t e d .  

16.  A  smoking  a r t i c l e   produced  by  the  method  of  any  of  t h e  

preceding   c l a i m s .  

17.  An  ext ruded,   c o h e r e n t ,   m u l t i s t r a n d ,   t o b a c c o - c o n t a i n i n g ,  

g e n e r a l l y   c y l i n d r i c a l   smoking  a r t i c l e   compr i s i ng   a  p l u r a l i t y   of  c o -  

ext ruded  s t r ands   that   extend  g e n e r a l l y   along  the  l o n g i t u d e   of  t h e  

smoking  a r t i c l e   and  are  adhered  to  one  ano ther   so  as  to  leave  f l o w  

passageways  between  the  s t r a n d s ,   which  passageways  extend  g e n e r a l l y  

along  the  l ong i tude   of  the  smoking  a r t i c l e ,   the  c o n f i g u r a t i o n   of  t h e  

s t r ands   and  passageways  p rov id ing   s u f f i c i e n t   heat  t r a n s f e r   area  o r  

s u f f i c i e n t   r e s i d e n c e   time  or  both  for  the  hot  gases  drawn  t o w a r d s  

the  proximal   end  of  the  smoking  a r t i c l e   by  a  smoker  to  cool  and  t o  

ex i t   the  proximal   end  at  a  comfo r t ab l e   t e m p e r a t u r e   for  the  smoker ,  

the  smoking  a r t i c l e   also  compr i s ing   (a)  from  about  5  to  about  98 

wt.%  of  tobacco  p a r t i c l e s   having  a  p a r t i c l e   s ize   of  up  to  about  5 

mesh,  (b)  from  0  to  about  60  wt.%  of  a  f i l l e r   having  a  p a r t i c l e   s i z e  

of  up  to  about   350µm,   (c)  from  0  to  abou t   1  wt.%  of  a  r e s i d u a l  

foaming  agent  other  than  water ,   (d)  from  about  2  to  about  40  wt.%  o f  

a  b inder   s e l e c t e d   from  the  group  c o n s i s t i n g   of  c e l l u l o s i c   b i n d e r s ,  

n a t u r a l   b inde r s ,   modi f i ed   n a t u r a l   b inde r s ,   s y n t h e t i c   b inde r s ,   and 

mix tu res   t h e r e o f ,   and  (e)  from  about  5  to  about  20  wt.%  water,   t h e  

a r t i c l e   having  a  d e n s i t y   w i t h i n   the  range  of  from  about  0.05  t o  

about  1.5  g / c c .  



18.  The  smoking  a r t i c l e   of  c la im  17  wherein  the  f i l l e r   is  s e l e c t e d  

from  the  group  c o n s i s t i n g  o f   ca lc ium  ca rbona te ,   m a g n e s i u m ,  

c a r b o n a t e ,   calc ium  oxide,   magnesium  oxide,  ca lc ium  h y d r o x i d e ,  

magnesium  hydroxide ,   m e t a l l i c   a l u m i n i u m ,  a l u m i n a ,   hydra ted   a l u m i n a ,  

c lay ,   s i l i c a ,   d ia tomaceous  ea r th   and  mixtures   t h e r e o f .  

19.  The  smoking  a r t i c l e   of  c la im  17  or  18  where in   the  c e l l u l o s i c  

b inder   i nc luded   in  the  mix ture   in  an  amount  from  about  0  to  about  40 

wt.%  is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  h y d r o x y p r o p y l  

c e l l u l o s e ,   carboxymethyl   c e l l u l o s e   and  i t s   ammonium,  sodium,  and 

p o t a s s i u m   s a l t s ,   c r o s s - l i n k e d   carboxymethyl   c e l l u l o s e   and  i t s  

ammonium,  sodium,  and  po t a s s ium  s a l t s ,   hydroxye thy l   c e l l u l o s e ,   e t h y l  

h y d r o x y e t h y l   c e l l u l o s e ,   hydroxypropy l   methyl  c e l l u l o s e ,   m e t h y l  

c e l l u l o s e ,   e thy l   c e l l u l o s e ,   and  mix tu res   t h e r e o f .  

20.  The  smoking  a r t i c l e   of  any  of  c la ims  17  to  19  where in   t h e  

n a t u r a l   b i n d e r s ,   modif ied   n a t u r a l   b inde r s ,   and  s y n t h e t i c   b i n d e r s  

i n c l u d e d   in  the  mixture   in  an  amount  from  0  to  about  40  wt.  %  a r e  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  pec t in   and  i t s   sod ium,  

p o t a s s i u m ,   and  ammonium  s a l t s ,   s t a r c h ,   guar  and  d e r i v a t i v e s  

t h e r e o f ,   h e m i c e l l u l o s e ,   xanthan,   cu rd lan ,   a  s a l t   of  xanthamonas  gum, 

c a r a g e e n a n ,   a l g i n i c   acid  and  i t s   ammonium,  sodim,  and  p o t a s s i u m  

s a l t s ,   o x y c e l l u l o s e ,   po lyv iny l   a l c o h o l ,   vinyl  male ic   a n h y d r i d e  

polymer ,   v inyl   maleic  acid  polymer  and  i t s   sodium,  po tass ium,   and 

ammonium  s a l t s ,   m i c r o c r y s t a l l i n e   c e l l u l o s e ,   d e x t r a n ,   d e x t r i n ,  

f i b r o u s   c e l l u l o s e ,   and  m ix tu r e s   t h e r e o f .  

21.  The  smoking  a r t i c l e   of  any  of  c la ims   17  to  21  f u r t h e r  

c o m p r i s i n g   from  about  0.1  to  about  15  wt.%  of  a  p o l y f u n c t i o n a l   a c i d  

or  i t s   ammonium,  sodium,  and  po tass ium  s a l t s .  

22.  The  smoking  a r t i c l e   of  c la im  21  wherein  the  p o l y f u n c t i o n a l   a c i d  

is  c i t r i c   acid  or  a  c i t r a t e .  

23.  The  smoking  a r t i c l e   of  c la im  21  wherein  the  p o l y f u n c t i o n a l   a c i d  

is  p h o s p h o r i c   acid  or  a  p h o s p h a t e .  



24.  The  smoking  a r t i c l e   of  any  of  c la ims   17  to  23  f u r t h e r  

compr i s ing   from  about  0.1  to  about  40  wt.%  of  a  c r o s s - l i n k i n g   o r  

s t i f f e n i n g   agent  s e l e c t e d   from  the  group  c o n s i s t i n g   of  a l g i n i c   a c i d ,  

ca rboxymethy l   c h i t i n ,   p e c t i n i c   ac id ,   c h i t o s a n ,   water  so lub l e   s a l t s  

t h e r e o f ,   and  mixtures   t h e r e o f .  

25.  The  smoking  a r t i c l e   of  any  of  c la ims  17  to  24  where in   t h e  

tobacco  p a r t i c l e s   comprise  about  25  to  about  98  wt.%  of  t h e  

a r t i c l e .  
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