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@  Process  for  making  a  carbon  heat  source  and  smoking  article  including  the  heat  source  and  a  flavor  generator. 

The  present  invention  relates  to  a  process  for  produc- 
ing  a  tasteless  carbon  heat  source  from  a  preformed  article 
of  a  lingo-cellulosic  material  according  to  which  the  article 
is  pyrolyzed  in  a  continuously  exchanged  inert  atmosphere 
at  a  temperature  within  the  range  of  from  about  800°  to  about 
1100 °C,  for  from  about  0.5  to  abour  3  hours,  then  cooled  in 
the  inert  atmosphere  at  a  rate  of  from  about  500°  to  about 
10°C  per  hour  to  a  temperature  within  the  range  of  from 
about  275°C  to  about  25°C,  and  then  subjected  to  at  least 
one  additional  process  step  selected  from  an  oxygen  ab- 
sorption  step,  a  salt  impregnation  followed  by  heat  treat- 
ment  step,  and  a  water  desorption  step.  The  present  inven- 
tion  also  relates  to  a  smoking  article  including  the  carbon 
heat  source,  and  a  flavor  generator  comprising  a  substrate 
material  containing  at  least  one  thermally  releasable 
flavorant. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p roce s s   f o r  

making  a  carbon  source  and  to  a  smoking  a r t i c l e   c o m p r i s i n g  

the  carbon  source  and  a  f l a v o r   g e n e r a t o r .   More  p a r t i c u l a r l y ,  

the  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p roce s s   for  p r o d u c i n g   a 

carbon  source  from  a  preformed  l i g n o - c e l l u l o s i c   m a t e r i a l  

and  to  a  smoking  a r t i c l e ,   such  as  a  c i g a r e t t e ,  w h i c h   i n c l u d e s  

the  carbon  source  and  a  f l a v o r   g e n e r a t o r .  

One  p r e v i o u s l y   d i s c l o s e d   smoking  a r t i c l e   c o m p r i s e s  

a  tube  formed  of  combus t ib l e   m a t e r i a l   which  has  a  m o u t h p i e c e  

a t t a c h e d   at  one  end.  An  a x i a l   inner   tube  of  m a t e r i a l ,   w h i c h  

.  i s   b r e a k a b l e   when  hea ted ,   is  c o n t a i n e d   w i t h i n   the  tube  o f  

c o m b u s t i b l e   m a t e r i a l   and  is  coa ted   on  i t s   inner   s u r f a c e   w i t h  

an  a d d i t i v e   m a t e r i a l   such  as  n i c o t i n e .   Thus,  on  smok ing ,  

hot  gases  are   drawn  through  the  inner   tube  and  r e l e a s e   t h e  

n i c o t i n e   in  the  form  of  an  a e r o s o l   for  i n h a l a t i o n   by  t h e  

smoker.  With  t h i s   device ,   however,   t h e r e   is  an  a p p r e c i a b l e  

loss  of  n i c o t i n e   and  o ther   d e s i r a b l e   compounds,  such  a s  

f l a v o r a n t s ,   dur ing   smolder .   There  is  a lso  a  t endency   f o r  

the  inner   tube  to  p r o t r u d e   u n a t t r a c t i v e l y   from  t h e  b u r n i n g  

end  dur ing   s m o k i n g .  

Another  such  c i g a r e t t e - s i m u l a t i n g   smokeable  d e v i c e  

for  r e l e a s i n g   an  a e r o s o l   in to   the  mouth  of  a  smoker  c o m p r i s e s  

a  r o d  o f   fuel   having  a  l o n g i t u d i n a l l y   e x t e n d i n g   pa s sage   t h e r e -  

through  and  a  chamber  in  gaseous  communica t ion   with  an  end  

o f  t h e   passage   whereby  dur ing  smoking  hot  gases  from  t h e  

burn ing   fuel   rod  en t e r   the  chamber.  I n h a l a n t   m a t e r i a l   i s  



l o c a t e d   in  the  chamber  which,  when  c o n t a c t e d   by  the  hot  g a s e s  

dur ing   smoking,  forms  an  a e r o s o l   for  i n h a l a t i o n   by  the  s m o k e r .  

The  chamber  has,  at  an  end  remote  from  the  fue l   rod,  a  m o u t h -  

end  c l o s u r e   member  which  is  pe rmeable   to  the  a e r o s o l .   The 

chamber  and  the  mouth-end  c l o s u r e   member  of  t h i s   smoking  

a r t i c l e   are  of  u n i t a r y   c o n s t r u c t i o n   and  are  formed  b y  

molding  or  e x t r u d i n g   a  c o n v e n t i o n a l   smoke  f i l t e r   plug  t o  

p rov ide   a  chamber  to  c o n t a i n   the  i n h a l a n t   m a t e r i a l .   P r e f e r -  

ably,   the  fuel   rod  is  a  molding  or  e x t r u s i o n   of  r e c o n s t i -  

t u t e d   tobacco  and/or   tobacco   s u b s t i t u t e .   The  wall   of  t h e  

fuel   rod  is  p r e f e r a b l y   impermeable   to  a i r .  

The  i n h a l a n t ,   or  f l a v o r - c o n t a i n i n g   m a t e r i a l ,   may 

comprise   n i c o t i n e   source   m a t e r i a l   or  s p r a y - d r i e d   g r a n u l e s  

of  f l a v o r a n t   whose  c o m p o s i t i o n   l i e s   w i t h i n   the  range  of  f rom 

10-100%,  but   p r e f e r a b l y   30-60%,  by  we igh t   of  a  s o l u t i o n   o f  

f l a v o r a n t   in  t r i a c e t i n   or  b e n z y l - b e n z o a t e   e n c a p s u l a t e d   i n  

1 0 - 7 0 % ,  p r e f e r a b l y   40-70%,  by  we igh t   of  gum  a c a c i a   or  a  m o d i -  

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

m i c r o c a p s u l e s   formed  by  the  c o a c e r v a t i o n   method.  The  c a p -  

su l e s   comprise  10-90%,  p r e f e r a b l y   50-80%,  by  weight   o f  

f l a v o r a n t   in  gum  a c a c i a ,   g e l a t i n ,   or  a  m ix tu re   t h e r e o f .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r  

p r o d u c i n g   a  carbon  hea t   s o u r c e  w h i c h   is  s u b s t a n t i a l l y   t a s t e -  

l e s s   when  f a b r i c a t e d   as  a  smoking  a r t i c l e   and  smoked.  

According  to  t h i s   p r o c e s s ,   a  p re fo rmed   l i g n o - c e l l u l o s i c  

m a t e r i a l   is  p y r o l y z e d   in  a  c o n t i n u o u s l y   exchanged  i n e r t  

a tmosphere   at  a  t e m p e r a t u r e   w i t h i n   the  range  of  from  a b o u t  

800°  to  about  1100°C,  p r e f e r a b l y   from  about   950°  to  a b o u t  

1000°C,  for  from  about  0.5  to  about   3  hours ,   p r e f e r a b l y   f rom 



a b o u t  0 . 5   to  about  1.5  hours ,   then  cooled  in  t h e .  i n e r t   a t m o s -  

phere  at  an  average  r a t e   of  from  about  500°  to  about  10°C 

per  hour,  p r e f e r a b l y   at  the  r a te   of  from  about  100°  to  a b o u t  

6 0 ° C   per  hour,  to  a  t e m p e r a t u r e   w i t h i n   the  range  of  f r o m  

about  275°C  to  about  25°C,  and  then  s u b j e c t e d   to  at  l e a s t  

one  a d d i t i o n a l   p rocess   s tep  s e l e c t e d   from  oxygen  a b s o r p t i o n ,  

water   d e s o r p t i o n ,   and  i m p r e g n a t i o n   with  a  s a l t   s o l u t i o n  

fo l lowed  by  heat   t r e a t m e n t .  

The  p r e s e n t   i n v e n t i o n   also  r e l a t e s   to  a  smok ing  

a r t i c l e   having  a  mouth  end  and  a  coal   end  and  which  c o m p r i s e s  

a  carbon  hea t   source  produced  a c c o r d i n g   to  the  p r o c e s s   o f  

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

s u b s t r a t e   m a t e r i a l   a d j a c e n t   the  mouth  end  which  is  i m p r e g -  

nated  with  or  i n h e r e n t l y   c o n t a i n s   at  l e a s t   one  t h e r m a l l y  

r e l e a s a b l e   f l a v o r a n t .  

As  e x e m p l i f i e d   by  i t s   p r e f e r r e d   e m b o d i m e n t s  

h e r e i n ,   the  p rocess   of  the  p r e s e n t   i n v e n t i o n   c o m p r i s e s  

t h ree   b a s i c   s t eps :   a  p y r o l y s i s   s tep ,   a  c o n t r o l l e d   c o o l i n g  

s t ep ,   a n d  a t   l e a s t   one  a d d i t i o n a l   p r o c e s s   s tep  s e l e c t e d   f rom 

a n   oxygen  a b s o r p t i o n   s t e p ,  a   water   d e s o r p t i o n   s t ep ,   and  a  

s a l t   i m p r e g n a t i o n   and  s u b s e q u e n t   hea t   t r e a t m e n t   s t e p .  

.The  p y r o l y s i s   s tep  is  c a r r i e d   out  in  an  i n e r t  

a tmosphere   in  order   to  avoid  combas t ion   of  the  p r e f o r m e d  

a r t i c l e .   T y p i c a l l y ,  t h e   p reformed  l i g n o - c e l l u l o s i c   a r t i c l e  

is  py ro lyzed   in  an  oven  which  has  c o n t r o l l e d   t e m p e r a t u r e  

zones  and  a  quar tz   r e a c t i o n   chamber  in  which  the  a r t i c l e s  

to  be  py ro lyzed   are  p l a c e d .   The  qua r t z   chamber  is  c o n n e c t e d  

to  a  s o u r c e   of  an  i n e r t   gas,  such  as  dry  n i t r o g e n   or  a r g o n ,  

and  pu rged   in  order   to  remove  the  a i r .   Throughout   t h e  

p r o c e s s ,   a  con t inuous   flow  of  i n e r t   gas  is  passed   t h r o u g h  

the  quar tz   r e a c t i o n   chamber,  h e r e i n a f t e r   r e f e r r e d   t o  a s   t h e  



p y r o l y z i n g   chamber,  so  t h a t   the  i n e r t   a t m o s p h e r e  i s   c o n -  

t i n u o u s l y   exchanged,.   whereby  the  v o l a t i l e s   d r i ven   off   d u r -  

ing  p y r o l y s i s   are  removed  from  the  p y r o l y z i n g   chamber .  

This  c o n t i n u o u s   exchange  is  b e l i e v e d   to  be  i m p o r t a n t " t o   t h e  

p r o d u c t i o n   of  an  e s s e n t i a l l y   t a s t e l e s s   carbon   hea t   s o u r c e .  

The  a r t i c l e   to  be  p y r o l y z e d   is  h e a t e d   to  a  t e m -  

p e r a t u r e   w i t h i n   the  range  of  from  about   800°  to  about  1100°C,  

and  more  p r e f e r a b l y   from  about  950°  to  about   1000°C,  and  i s  

m a i n t a i n e d   at  t h i s   t e m p e r a t u r e   for  from  about   0.5  to  a b o u t  

3  hours ,   p r e f e r a b l y   from  about  0.5  to  about   1.5  hours ,   a n d  

more  p r e f e r a b l y   from  about   0.75  to  about   1.25  hours .   T y p i -  

c a l l y ,   the  i n e r t   gas  employed  is  dry  n i t r o g e n   and  the  f l o w  

r a t e   through  the  p y r o l y z i n g   chamber  is  a d j u s t e d   to  w i t h i n  

the  range  of  from  about   0.5  to  about   5  l i t e r s   per  m i n u t e ,  

p r e f e r a b l y   from  about  1  to  about  1.5  l i t e r s   per  m i n u t e ,  

dur ing   p y r o l y s i s .   Dur ing  p y r o l y s i s ,   the  l i g n o - c e l l u l o s i c  

m a t e r i a l - g e n e r a l l y   e x p e r i e n c e s   a  weight   loss   of  about  70% 

to  about  80%  and  a  d i m e n s i o n a l   s h r i n k a g e   g e n e r a l l y   w i t h i n  

the  range  of  about  30%  to  about  35%. 

Upon  comple t ion   of  p y r o l y s i s ,   the  p y r o l y z e d  

m a t e r i a l   is  g r a d u a l l y   cooled   to  a  t e m p e r a t u r e   w i t h i n   t h e  

range  of  from  about   275°C  to  about   25°C,  p r e f e r a b l y   a b o u t  

100°C  to  about  25°C.  Typ ica l   r a t e   of  c o o l i n g   w i l l   be  f r o m  

about  500°  to  about  10°C  per  hour,   p r e f e r a b l y   from  a b o u t  

100°  to  about  60°C  per  hour.   I t   is  i m p o r t a n t   t h a t   the  r a t e  

of  c o o l i n g   be  g r adua l   and  c o n t r o l l e d .   I t   h a s  b e e n   o b s e r v e d  

t h a t   a  r ap id   quench,  such  as  immersion  in  l i q u i d   n i t r o g e n ,  

w i l l   a d v e r s e l y   a f f e c t   the  burn  p r o p e r t i e s   of  the  p y r o l y z e d  

m a t e r i a l .  

According  to  the  oxygen  a b s o r p t i o n   s t ep ,   w h i c h  

f u n c t i o n s   to  add  oxygen  to  t h e  p y r o l y z e d   a r t i c l e ,   a i r  o r  



oxygen  is  g r a d u a l l y   i n t r o d u c e d   in to   the  i n e r t   g a s  s t r e a m   a s  

the  t e m p e r a t u r e   f a l l s   to  w i th in   the  range  of  from  about   275°C 

to  about   25°C,  p r e f e r a b l y   from  about  100°C  to  about  35°C.  

While  oxygen  a b s o r p t i o n   may  be  i n i t i a t e d   at  t e m p e r a t u r e s   a s  

high  as  530°C  or  as  low  as  25°C,  i t   is  p r e f e r r e d   to  o p e r a t e  

w i t h i n   the  above  r anges .   The  oxygen  is  g r a d u a l l y   i n t r o d u c e d  

and  the  flow  ra te   i n c r e a s e d   u n t i l   the  oxygen  s u b s t a n t i a l l y  

r e p l a c e s   the  i n e r t   gas.  I t   is  i m p o r t a n t   to  g r a d u a l l y   i n t r o -  

duce  the  oxygen  as  the  coo l ing   c o n t i n u e s   in  o rder   to  a v o i d  

e x c e s s i v e   o x i d a t i o n   of  the  p y r o l y z e d   m a t e r i a l .   P r e f e r a b l y ,  

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

of  n i t r o g e n   to  the  volume  of  oxygen  is  w i t h i n   the  range  o f  

about  1:4  to  about  8:1,  most  p r e f e r a b l y   about  4:1.   D u r i n g  

the  oxygen  a b s o r p t i o n   s tep ,   the  p y r o l y z e d   m a t e r i a l   is  e i t h e r  

a t   or  is  cooled  to  room  t e m p e r a t u r e .  

According  to  the  i m p r e g n a t i o n   and  hea t   t r e a t m e n t  

s t ep ,   the  py ro lyzed   a r t i c l e ,   which  has  been  cooled  t o  r o o m  

t e m p e r a t u r e   e i t h e r   with  or  w i t h o u t   the  oxygen  a b s o r p t i o n  

s tep ,   is  f i r s t   impregna ted   with  an  aqueous  s o l u t i o n   of  s a l t s  

of  a  c a t i o n   s e l e c t e d   from  the  group  c o n s i s t i n g   of  K ,  F e + 2 ,  

F e  ,   M g  ,   M n  ,   Ca  and  mix tu re s   t h e r e o f .   The  p y r o l y z e d  

m a t e r i a l   is  impregna ted   such  t h a t   i t   c o n t a i n s   from  a b o u t  

0.5  to  about  11%  of  the  c a t i o n   on  a  dry  weight   b a s i s ,   p r e -  

f e r a b l y   from  about  1%  to  about  3%.  Any  means  known  to  t h o s e  

s k i l l e d   in  the  a r t   may  be  used  to  impregna te   the  p y r o l y z e d  

m a t e r i a l   with  the  s a l t   s o l u t i o n .   One  p a r t i c u l a r l y   p r e f e r r e d  

means  is  vacuum  i m p r e g n a t i o n .   Af t e r   i m p r e g n a t i o n ,   t h e  m a t e r i a l  

is  then  d r ied   at  a  t e m p e r a t u r e   w i t h i n   the  range  of  from  a b o u t  

40°  to  about   100°C,  p r e f e r a b l y   from  about  50°  to  about   70°C,  

in  vacuum.  

The  d r i ed ,   impregna ted ,   p y r o l y z e d   m a t e r i a l   is  t h e n  

g r a d u a l l y   heated   to  a  t e m p e r a t u r e   w i th in   the  range  of  f r o m  



about  550°  to  about  750°C,  p r e f e r a b l y   to  about   650°C,  i n .  a n  

i n e r t   a tmosphere   and  is  m a i n t a i n e d   at  t h i s   t e m p e r a t u r e   f o r  

from  about   5  to  about  60  m i n u t e s ,  p r e f e r a b l y   from  about   15 

to  about  30  minutes .   The  m a t e r i a l   is  then  cooled   in  t h e  

i n e r t   a t m o s p h e r e .  

According  to  the  wate r   d e s o r p t i o n   s t ep ,   w h i c h ,  

when  employed,  is  p r e f e r a b l y   the  f i n a l   p r o c e s s   s t ep ,   t h e  

p y r o l y z e d   a r t i c l e   is  s u b j e c t e d   to  a  d e s i c c a n t   e n v i r o n m e n t  

for  at  l e a s t   about  8  hours  p r e f e r a b l y   from  about  12  h o u r s  

to  about  48  hours .   The  purpose   of  t h i s   s tep  is  to  m a i n t a i n  

an  e x i s t i n g ,   or  e s t a b l i s h   and  m a i n t a i n ,   a  r e l a t i v e l y  

m o i s t u r e - f r e e   s t a t e   in  the  carbon  hea t   sou rce .   This  s t e p  

is  p r e f e r a b l y   p r a c t i c e d   by  p l a c i n g   the  p y r o l y z e d   a r t i c l e   i n  

a  d e s i c c a t o r   c o n t a i n i n g   CaSO4.  I t   has  been  observed   t h a t  

t h i s   p r o c e s s   s tep   improves  the  burn  p r o p e r t i e s   of  the  c a r b o n  

hea t   s o u r c e .  

Any one  or  c o m b i n a t i o n   of  the  a d d i t i o n a l   p r o c e s s  

s t eps   may  be  employed.  When  s a l t   i m p r e g n a t i o n   and  o x y g e n  

a b s o r p t i o n   are  both  employed,  i t   is  p r e f e r r e d   t h a t   the   o x y -  

gen  a b s o r p t i o n   s tep  fo l low  the  i m p r e g n a t i o n   s t ep .   -  

As  the  l i g n o - c e l l u l o s i c   m a t e r i a l ,   t obacco ,   p e a n u t  

s h e l l s ,   co f f ee   bean  s h e l l s ,   paper ,   c a r d b o a r d ,   bamboo,  o a k  

l e a v e s ,   or  a  s i m i l a r   such  m a t e r i a l   is  s u i t a b l y   emp loyed .  

The  m a t e r i a l   may  p r e f e r a b l y   be  admixed  wi th   a  b i n d e r ,   s u c h  

as  hyd roxyp ropy l   c e l l u l o s e   p r i o r   to  f o r m a t i o n   in to   t h e  

d e s i r e d   s h a p e .  

The  l i g n o - c e l l u l o s i c   m a t e r i a l   is  p re fo rmed ,   p r i o r  

to  p y r o l y s i s ,   in to   the  shape  d e s i r e d   upon  comple t i on   of  t h e  

p y r o l y s i s   and  s u b s e q u e n t   t r e a t m e n t   s t e p s ,   t a k i n g   in to   a c c o u n t  

the  d i m e n s i o n a l   s h r i n k a g e   e x p e r i e n c e d   dur ing   p y r o l y s i s :  

E x t r u s i o n ,   r o l l i n g ,   i n j e c t i o n - m o l d i n g   or  the  l i ke   may  b e  



employed  to  shape  the  a r t i c l e .   P r e f e r a b l y ,   e x t r u d e d ,   s u b -  

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

in  the  core  of  the  tubes  are  employed.  The  a r t i c l e ,   o n c e  

py ro lyzed ,   must  be  s u f f i c i e n t l y   r i g i d   to  m a i n t a i n   the  s h a p e  

of  the  smoking  a r t i c l e   dur ing  smoking  and  must  have  a  p o r o s -  

i t y . s u f f i c i e n t   to  absorb  the  s a l t   s o l u t i o n   and  oxygen,  when 

e m p l o y e d ,  y e t   l ess   porous  than  the  m a t e r i a l   in  the  c o r e ,  

when  p r e s e n t ,   so  t h a t   the  gaseous  combus t ion   p r o d u c t s   w i l l  

flow  th rough  the  c e n t r a l   passage   to  the  f l a v o r   source   and  

not  through  the  p y r o l y z e d   m a t e r i a l .  

The  p r e s e n t   i n v e n t i o n   a lso  r e l a t e s   to  smok ing  

a r t i c l e s   compr i s ing   a  f l a v o r   g e n e r a t o r   and  a  carbon  h e a t  

source .   The  carbon  hea t   source  is  the  p y r o l y z e d   m a t e r i a l  

p r e p a r e d  a c c o r d i n g   to  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n .  

.While  the  carbon  source  may  be  p r e p a r e d   in  any  of  t h e  

v a r i o u s   commerc ia l ly   a v a i l a b l e   shapes  of  smoking  a r t i c l e s ,  

the  smoking  a r t i c l e   wi l l   be  d e s c r i b e d   with  r e s p e c t   to  a 

c i g a r e t t e . .  

According  to  t h i s   embodiment ,   the  smoking  a r t i c l e  

is  p r e p a r e d   by  p y r o l y z i n g   a  t u b e - s h a p e d   a r t i c l e   of  l i g n o -  

c e l l u l o s i c   m a t e r i a l   and  then  a t t a c h i n g   the  f l a v o r   g e n e r a t o r  

a d j a c e n t   the  mouth  end  t h e r e o f .   The  t u b e - s h a p e d   carbon  h e a t  

source  may  be  formed  with  a  porous ,   p r e f e r a b l y   o p e n - c e l l  

foam,  c o m b u s t i b l e   m a t e r i a l   in  the  core ,   as  by  a  c o - e x t r u s i o n  

p r o c e s s ,   or,  p r e f e r a b l y ,   with  at  l e a s t   one  porous ,   c o m b u s -  

t i b l e   plug  d i sposed   w i th in   the  p a s s a g e .   When  only  one  p l u g  

is  employed,  i t   is  p r e f e r a b l y   d i s p o s e d   at  the  coal  end  o f  

the  c i g a r e t t e   to  p r e v e n t   f l a sh   j e t t i n g   while   the  c i g a r e t t e  

is  be ing  l i t .   When  a  porous  core  is  employed,  the  c o r e  

m a t e r i a l   is  less   dense  than  the  s u r r o u n d i n g   t u b e - s h a p e d  

m a t e r i a l  s o   t h a t   the  combust ion   gases  w i l l   flow  th rough   t h e  



c e n t r a l   core  to  the  f l a v o r   g e n e r a t o r   r a t h e r   than  t h r o u g h  

the  carbon  source .   By  s e l e c t i n g   the  type  and  amount  o f  

m a t e r i a l   p l aced   in  the  pa s sage ,   the  t e m p e r a t u r e   of  t h e  

gases  r e a c h i n g   the  f l a v o r   g e n e r a t o r   can  be  e s t a b l i s h e d  

w i t h i n   a  range  such  t h a t   t h e r m a l l y   r e l e a s a b l e   f l a v o r a n t s  

are  r e l e a s e d   w i t h o u t   unde rgo ing   t h e r m a l l y   induced   decom- 

p o s i t i o n ' t o   p r o d u c t s   which  are  not  d e s i r a b l e   as  f l a v o r a n t s .  

The  f l a v o r   g e n e r a t o r   comprises   a  s u b s t r a t e  

. m a t e r i a l ,   such  as  a lumina,   magnesium  h y d r o x i d e ,   z e o l i t e s ,  

g l a s s   wool,  c h a r c o a l ,   tobacco  f i l l e r ,   f u l l e r ' s   e a r t h ,   n a t u r a l  

c l a y s ,   and  a c t i v a t e d   c l a y s ,   which  is  i m p r e g n a t e d   with  a t  

l e a s t   one  t h e r m a l l y   r e l e a s a b l e   f l a v o r a n t ,   or  which  i n h e r e n t l y  

c o n t a i n s   at   l e a s t   one  t h e r m a l l y   r e l e a s a b l e   f l a v o r a n t .   The 

f l a v o r i n g   agent   may  c o n s i s t   of  any  s u i t a b l e   b lend   of  n a t u r a l  

' o r   s y n t h e t i c   f l a v o r a n t s   such  a s - n i c o t i n e ,   g l y c e r o l ,   m e n t h o l ,  

v a n i l l a ,   e u c a l y p t o l ,   oc ty l   a c e t a t e ,   orange,   mint ,   or  i s o a m y l  

i s o v a l e r a t e .   The  f l a v o r   g e n e r a t o r   is  p r e f e r a b l y   c y l i n d r i c a l  

and  of  a  d i a m e t e r   s u b s t a n t i a l l y   equal   to  the  d i a m e t e r   o f  

the  carbon  source ,   and  may  be  p l a c e d   in  a b u t t i n g   e n d - t o - e n d  

r e l a t i o n   to  the  carbon  s o u r c e  o r   may  be  spaced  t h e r e f r o m .  

The  carbon  source  and  f l a v o r   g e n e r a t o r   may  be  wrapped  i n  

c i g a r e t t e   paper   and,  i f   d e s i r e d ,   a  c o n v e n t i o n a l   f i l t e r ,   s u c h  

as  c e l l u l o s e   a c e t a t e   f i l t e r ,   may  be  p l a c e d   a f t e r   the  f l a v o r  

g e n e r a t o r   and  j o ined   t h e r e t o   by  t i p p i n g   paper   or  the  l i k e .  

The  f l a v o r   g e n e r a t o r   may  comprise   a  f l a v o r e d ,   foamed  c o r e  

c o n t a i n i n g   r e a d i l y   v o l a t i l i z e d   f l a v o r s   t h a t   are  not   s u b j e c t  

-to  the rmal   d e g r a d a t i o n .  

As  t h e  h o t   gases  flow  th rough  the  channe l   or  b o r e  

in  the  carbon  source  and  over  the  f l a v o r   g e n e r a t o r ,   most  o f  

the  f l a v o r s   are  d i s t i l l e d   from  the  s u b s t r a t e   m a t e r i a l . a n d  

the  d i s t i l l a t e   is  c a r r i e d   toward  the  smoker ' s   mouth  due  t o  

the  drawing  a c t i o n .   As  the  f l a v o r - l a d e n   gases  pass  away 



from  the  f l a v o r   g e n e r a t o r  t o w a r d   the  coo le r   p o r t i o n   of  t h e '  

c i g a r e t t e ,   the  o i l s   c o n t a i n e d   in  the  d i s t i l l a t e   r e c o n d e n s e  

into  r e l a t i v e l y   small  d r o p l e t s ,   forming  a  mis t   or  a e r o s o l ,  

and  pass  in to   the  mouth  and  nose  of  the  smoker  where  t h e y  

c r e a t e   a  s e n s a t i o n   by  t a s t e   and  smel l .   A  s u f f i c i e n t   amount  

of  f l a v o r a n t   should  be  p rov ided   such  t h a t  t h e   f l a v o r a n t   i s  

c o n t i n u o u s l y   r e l e a s e d   u n t i l   the  smoking  a r t i c l e   is  e x t i n -  

g u i s h e d .  

When  ex t ruded   tobacco  a r t i c l e s   are  employed  a s  

the  l i g n o - c e l l u l o s i c   m a t e r i a l   in  the  p r e s e n t   p r o c e s s ,   t h e y  

are  p r e f e r a b l y   p r epa red   a c c o r d i n g   to  the  p r o c e s s   d i s c l o s e d  

in  US-A  4  347  855  (see  a l so   GB-A  2  078  087  or  , 

DE-A  31  18  472 .  

Examples  

The  f o l l owing   examples  p r e s e n t   i l l u s t r a t i v e   b u t  

n o n - l i m i t i n g   embodiments  of  the  p r e s e n t   i n v e n t i o n .   A  com- 

p a r a t i v e   example  i s  a l s o   p r e s e n t e d .  

In  each  of  the  f o l l o w i n g   examples  1  t h rough   9 ,  

ex t ruded   tobacco  tubes  p r e p a r e d   a c c o r d i n g   to  the  m e t h o d  

d i s c l o s e d   in  U.S.  P a t e n t   4 ,347 ,855   were  employed  as  t h e  

preformed  l i g n o - c e l l u l o s i c   m a t e r i a l   and  were  p y r o l y z e d   in  a 

Lindberg ,   3-zone  fu rnace   having  a  chamber  152  mm  in  d i a m e t e r  

and914  mm  long  s u r r o u n d i n g   a  q u a r t z   tube  p y r o l i z i n g   c h a n b e r  

134  mm  in  d i ame te r   and 1.32m  long.   The  f u rnace   was  e q u i p p e d '  

with  seven  t he rmocoup les   spaced  along  the  l eng th   o f  t h e  

quar tz   tube  and  could  ach ieve   a  maximum  t e m p e r a t u r e   o f  

about  1200°C.  

Example  1 

Extruded  tobacco  t u b e s  w e r e   p r e p a r e d   us ing   -20+30  

mesh  (0.60-0.84 mm)  tobacco .   Two  se t s   of  t obacco   tubes   w e r e  

employed;  one  set   had  an   o u t s i d e   d i ame te r   of  8  mm and  an  



i n s i d e   d i ame te r   of  5  mm,  and  the  o t h e r   had  an  o u t s i d e  d i a -  

meter  of  12  mm  and  an  i n s i d e   d i a m e t e r   of  5  mm.  The  t o b a c c o  

tubes  were  py ro lyzed   a c c o r d i n g   to  the  p r o c e d u r e   s u m m a r i z e d  

below  in  Table  1 .  

The  p y r o l y z e d   samples  were  measured  and  w e i g h e d  

and  i t   was  de te rmined   t h a t   the  samples  e x p e r i e n c e d   an  a v e r a g e  

weight   loss   of  84.7%,  an  average   d e c r e a s e   in  l e n g t h   of  33 .66%,  

an  average   dec rea se   in  o u t s i d e   d i a m e t e r   of  33.25%,  and  an  

a v e r a g e  d e c r e a s e   in  i n s i d e   d i ame te r   of  33.05%.  The  p y r o l y z e d  

samples  burned  s t a t i c a l l y   when  l i t .   S t a t i c   b u r n i n g   o c c u r s  



when  a  c i g a r e t t e   rod  c o n t i n u e s   to  smoulder ,   once  i t   has  b e e n  

l i t ,   in  the  absence  of  a i r   d r a f t s   and  pu f f   induced  a i r  f l o w .  

Example  2 

Two  se ts   of  e x t r u d e d   tobacco  tubes   were  p y r o l y z e d ;  

one  set   had  an  o u t s i d e   d i a m e t e r   of  12  mm  and  an  i n s i d e   d i a m -  

e te r   of  5  mm,  the  o the r   se t   had  an  o u t s i d e   d i ame te r   of  8  mm 

and  an  i n s i d e   d i ame te r   of  2.5  mm.  The  tobacco  tubes  w e r e  

py ro lyzed   accord ing   to  the  p r o c e d u r e   summarized  below  i n  

Table  2 .  



The  p y r o l y z e d   tobacco  tubes   ev idenced   a  7 2 %  w e i g h t  

loss   and  a  4  to  4.5%  d i m e n s i o n a l   d e c r e a s e   for  the  l a r g e r  

d i a m e t e r   tubes  and  a  69%  weight   loss   and  37.5%  d i m e n s i o n a l  

d e c r e a s e  f o r   the  s m a l l e r   d i a m e t e r   t u b e s .  

Example  3 

Extruded  tobacco   tubes   w e r e  p y r o l y z e d   a c c o r d i n g  

to  the  p rocedure   summar ized  be low  in  Table  3 .  



The  py ro lyzed   tobacco  tubes   m a i n t a i n e d   a  s t a t i c  

burn  w h e n . l i t   both  be fo re   and  a f t e r   be ing   p l a c e d   in  a  

d e s i c c a t o r   c o n t a i n i n g   CaSO4  f o r  a b o u t   48  hours .   I t   was 

de t e rmined   t h a t   the  py ro lyzed   tubes   e x p e r i e n c e d   a  d e c r e a s e  

in  l eng th   of  27.24%,  a  d e c r e a s e   in  o u t s i d e   d i a m t e r   of  7 .5%, 

and  a  dec rea se   in  i n s i d e   d i ame te r   of  19 .29%.  

E x a m p l e  4  

Two  se ts   of  ex t ruded   tobacco   tubes   were  p r e p a r e d ;  

one  se t   from  tobacco  m a t e r i a l   60%  of  which  was  below  60  mesh 

(0. 25mm)  and  40%  of -20+30  mesh,  (0.42-0. 60mm)  and  the  o ther   s e t  
f r o m  t o b a c c o  
m a t e r i a l   60%  of  which  was  below  60  mesh  and  40%  of  - 3 0 + 4 0  

mesh.  The  tobacco  tubes  were  65  mm  in  l e n g t h ,   and  had  an  

o u t s i d e   d iamete r   of  8  mm  and  an  i n s i d e   d i a m e t e r   of  5  mm. 

The  tobacco  tubes  were  p y r o l y z e d   a c c o r d i n g   to  the  p r o c e d u r e  

summarized  below  in  Table  4 .  



Both  s e t s   of  p y r o l y z e d   tobacco  tubes   m a i n t a i n e d   a  

s t a t i c   b u r n .  

E x a m p l e  5  

Two  se t s   of  ex t ruded   tobacco   tubes   were  p r e p a r e d ; '  

one  s e t   from  tobacco  m a t e r i a l   60%  of  which  was  -60  mesh  a n d  

40%  was  -30+40  mesh,  and  the  o t h e r   se t   from  tobacco   m a t e r i a l  

60%  of  which  was  -60  mesh  and  40%  was  -20+30  mesh.  The 

tobacco   tubes   had  an  o u t s i d e   d i ame te r   of  12  mm  and  an  i n s i d e  

d i a m e t e r   of  7  mm.  The  tobacco  tubes   were  p y r o l y z e d   a c c o r d i n g  

to  t h e  p r o c e d u r e   summarized  below  in  Table  S.  

Both  se t s   of  p y r o l y z e d   tobacco  tubes   m a i n t a i n e d   a  

s t a t i c   b u r n . .  

Example  6 

Ext ruded   tobacco  tubes  were  p y r o l y z e d   a c c o r d i n g  

to  the  p rocedu re   summarized  below  in  Table  6 .  



The  samples  were  removed  from  the  fu rnace   and 

p laced   in  a  d e s i c c a t o r   c o n t a i n i n g   CaS04.  The  p y r o l y z e d  

tobacco  tubes  m a i n t a i n e d   a  s t a t i c   b u r n .  

Example  7 

Four  se t s   of  e x t r u d e d  t o b a c c o  t u b e s   were  p r e p a r e d ;  

one  se t   from  -30+40  mesh  tobacco  p a r t i c l e s ,   a  second  s e t  

from  -20  mesh  tobacco  p a r t i c l e s ,   a  t h i r d   se t   from  -20+30  

mesh  tobacco  p a r t i c l e s ,   and  a  f o u r t h   se t   from  -20+30  mesh,  



r e c y c l e d   tobacco  p a r t i c l e s .   T h e  e x t r u d e d   tobacco   t u b e s  

were  p y r o l y z e d   a cco rd ing   to  the  p r o c e d u r e   summarized  b e l o w  

in  Table  7 .  

I t   was  d e t e r m i n e d   t h a t   the  p y r o l y z e d   tobacco   t u b e s  

e x p e r i e n c e d   a  weight   loss   in  the  range  of  78%  to  79%,  and  a  

d i m e n s i o n a l   d e c r e a s e   w i t h i n   the  range  of  from  about   27%  t o  

a b o u t   33%.  All  of  the  p y r o l y z e d   tobacco  tubes   m a i n t a i n e d   a 

s t a t i c   b u r n .  



Example  8 

P r e v i o u s l y   py ro lyzed   tobacco  tubes  were  vacuum 

impregna ted   with  a  s a t u r a t e d   s o l u t i o n   of  e i t h e r   KN03, 

Mg(CH3COO)2,  FeCl3,  K3C6H5O7,  FeCl2  or  MgCl2.  The  i m p r e g -  

nated  p y r o l y z e d   tubes  were  d r i ed   in  an  oven  in  vacuum  a t  

50°C,  and  then  heat   t r e a t e d   in  the  Lindberg   fu rnace   d e s c r i b e d  

above  acco rd ing   to  the  p rocedure   summarized  below  in  Table  8 .  

The  s a l t   t r e a t e d ,   p y r o l y z e d   tubes  c o n t a i n i n g   a b s o r b e d  

oxygen,  m a i n t a i n e d   a  s t a t i c   burn  when  i g n i t e d .  



E x a m p l e  9  

Ext ruded   tobacco  tubes   were  p r e p a r e d   from  t o b a c c o  

m a t e r i a l   of  mesh  s ize   +60.  The  ex t ruded   tobacco   tubes   h a d  

an  o u t s i d e   d i a m e t e r   of  12mm,  and  an  i n s i d e   d i a m e t e r   of  5mm 

and  were  p y r o l y z e d   acco rd ing   to  the  p r o c e d u r e   s u m m a r i z e d  

below  in  Table  9 .  

The  p y r o l y z e d   samples  were  measured  and  w e i g h e d  

and  i t   was  de t e rmined   t h a t   the  samples  e x p e r i e n c e d   an  a v e r a g e  



weight  loss  of  73.47%,  and  an  average  s h r i n k a g e   loss   of  31 .41%.  

The  samples  would   not  s u s t a i n   s t a t i c   b u r n i n g .  

The  fo l lowing   example  is  c o m p a r a t i v e .  

Comparat ive  Example  1 

Extruded  tobacco  tubes  were  p r e p a r e d   from  t o b a c c o  

m a t e r i a l   of  mesh  s ize   -20.  The  ex t ruded   tobacco   t u b e s ,   w h i c h  

were  90mm in  l eng th ,   with  an  o u t s i d e   d i a m e t e r   of  12mm  and  

an  i n s i d e   d iamete r   of  10mm,  were  p y r o l y z e d   i n s i d e   a  q u a r t z  

tube  in  the  chamber  of  a  Lindberg  55035-A  oven.  The  o v e n  

was  equipped  with  one  the rmocouple   p o s i t i o n e d   over  the  c e n t e r  

of  the  l o n g i t u d i n a l   axis  of  the  tube.   The  p r o c e d u r e   u s e d  

is  summarized  below  in  Table  10 .  

The  py ro lyzed   samples  were  removed  from  the  chamber  

and  quenched  in  l i q u i d   n i t r o g e n .   The  samples   were  then  w e i g h e d  

and  measured,   and  i t   was  de t e rmined   t h a t   the  samples  e x p e r i e n c e d  

an  average  dec rease   in  l eng th   of  31.6%,  an  average   d e c r e a s e  



in  o u t s i d e   d iamete r   of  28.29%,  and  an  average  d e c r e a s e   i n  
i n s i d e   d iamete r   of  34%.  The  p y r o l y z e d   samples  would  n o t  
s u s t a i n   s t a t i c   b u r n i n g .  



1.  A  p roce s s   for  p roduc ing   a  t a s t e l e s s   carbon  h e a t  

s o u r c e   by  p y r o l i z i n g   a  p re formed  a r t i c l e   of  l i g n o - c e l l u l o s i c  

m a t e r i a l ,   c h a r a c t e r i z e d   by  p y r o l i z i n g   the  a r t i c l e   in  a 

c o n t i n u o u s l y   exchanged  i n e r t   a tmosphere   at  a  t e m p e r a t u r e   i n  

the  range  of  800°  to  1100°C  for  0.5  to  3  h o u r s ,  c o o l i n g   t h e  

p y r o l i z e d   a r t i c l e   in  the  i n e r t   a tmosphere   at  a  r a t e   of  500°  

to  10°C  per  hour  to  a  t e m p e r a t u r e   w i t h i n  t h e   range  of  275°C 

to  25°C,  and  then  s u b j e c t i n g   the  p y r o l i z e d   a r t i c l e   to  a t  

l e a s t   one  a d d i t i o n a l   t r e a t m e n t   s e l e c t e d   from  o x y g e n  

a b s o r p t i o n ,   water   d e s o r p t i o n ,   and  s a l t   i m p r e g n a t i o n   w i t h  

s u b s e q u e n t   hea t   t r e a t m e n t .  

2.  A  p r o c e s s   a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   by  

adding  oxygen  to  the  p y r o l i z e d   a r t i c l e   and  then ,   as  a  f i n a l  

s t e p ,   s u b j e c t i n g   the  p y r o l i z e d   a r t i c l e  t o   a  d e s i c c a n t  

e n v i r o n m e n t .  

3.  A  p r o c e s s   a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   by  

c o n t a c t i n g   the  p y r o l i z e d   a r t i c l e   with  a  s a l t   s o l u t i o n  

c o m p r i s i n g   a  s a l t   of  at  l e a s t   one  of  the  c a t i o n s   K+,  Fe+3 ,  

F e  ,   M g  ,   M n  ,   C a  ,   d ry ing   the  a r t i c l e   at  a  t e m p e r a t u r e  

w i t h i n   the  range  of  50°  to  70°C  in .vacuum,   g r a d u a l l y  

h e a t i n g   the  a r t i c l e   to  a  t e m p e r a t u r e   of  about   650°C  in  an  

i n e r t   a tmosphe re   and  m a i n t a i n i n g   the  a r t i c l e   at   s a i d  

t e m p e r a t u r e   for   5  to  60  minu te s ,   and  then  c o o l i n g   t h e  

a r t i c l e   in  the  i n e r t   a tmosphere   at  a  r a t e   of  500°  to  10°C 

per   hour  to  a  t e m p e r a t u r e   w i th in   the  range  of  275°C  t o  

2 5 ° C .  



4.  A  p r o c e s s   a c c o r d i n g   to  c la im  3,  c h a r a c t e r i s e d   by  

adding  oxygen  to  the  p y r o l i z e d   a r t i c l e   a f t e r   the  s e c o n d  

c o o l i n g   s t e p .  

5.  A  p r o c e s s   a c c o r d i n g   to  c la im  3  or  4,  c h a r a c t e r i z e d  

by  s u b j e c t i n g   the  p y r o l i z e d   a r t i c l e   to  a  d e s i c c a n t   e n v i r o n -  

ment,  as  a  f i n a l   s t e p .  

6.  A  p r o c e s s   a c c o r d i n g   to  any  of  c la ims   3  to  5 ,  

c h a r a c t e r i z e d   in  t h a t   the  p y r o l i z e d   m a t e r i a l   is  c o n t a c t e d  

with  the  s a l t   s o l u t i o n   by  vacuum  i m p r e g n a t i o n .  

7.  A  p r o c e s s   a c c o r d i n g   to  any  of  c la ims   1  to  6 ,  

c h a r a c t e r i z e d   in  t h a t   c e l l u l o s i c   m a t e r i a l   is  s e l e c t e d   f r o m  

c a r d b o a r d ,   pape r ,   bamboo,  oak  l e aves   and  e x t r u d e d   t o b a c c o .  

8.  A  smoking  a r t i c l e   c o m p r i s i n g   a  carbon  h e a t   s o u r c e  

p roduced   by  a  p r o c e s s   a c c o r d i n g   to  any  of  c la ims   1  to  7 ,  

c h a r a c t e r i z e d   in  t h a t   the  heat   sou rce   is  s u b s t a n t i a l l y  

t u b u l a r   and  has  a  p o r o s i t y   s u f f i c i e n t   to  s u p p o r t   c o m b u s t i o n  

and  a  d e n s i t y   such  t h a t   puff   induced   a i r   flow  p a s s e s  

th rough   the  t ube ,   and  t h a t   a  f l a v o r   g e n e r a t o r   is  d i s p o s e d  

a d j a c e n t   the  mouth  e n d ' o f   the  a r t i c l e   and  compr i se s   a  

s u b s t r a t e   m a t e r i a l   impregna t ed   with  at  l e a s t   one  t h e r m a l l y  

r e l e a s a b l e   f l a v o r a n t .  

9.  A  smoking  a r t i c l e   a c c o r d i n g   to  c la im  8,  c h a r a c t e r -  

ized   in  t h a t   the  s u b s t r a t e   is  s e l e c t e d   from  a l u m i n a ,  

t obacco   f i l l e r ,   magnesium  h y d r o x i d e ,   z e o l i t e s ,   g l a s s   w o o l ,  

c h a r c o a l ,   f u l l e r ' s   e a r t h ,   n a t u r a l   c l a y s ,   and  a c t i v a t e d  

c l a y s .  



10.  A  smoking  a r t i c l e   a c c o r d i n g   to  any  c la im  8  or  9 

c h a r a c t e r i z e d   by  a  porous,   c o m b u s t i b l e   m a t e r i a l   d i s p o s e d  

w i t h i n   the  tube  passage   and  having  a  p o r o s i t y   g r e a t e r   t h a n  

the  p o r o s i t y   of  the  carbon  hea t   s o u r c e .  
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