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©  Smoking  article. 
@  The  present  invention  relates  to  a  smoking  article  which 
produces  an  aerosol  that  resembles  tobacco  smoke,  but 
contains  no  more  than  a  minimal  amount  of  incomplete 
combustion  or  pyrolysis  products. 

Preferred  embodiments  of  the  present  smoking  article 
comprise  a  short  combustible  carbonaceous  fuel  element,  a 
heat  stable  substrate  bearing  an  aerosol  forming  substance, 
a  heat  conducting  member  which  contacts  a  portion  of  the 
fuel  element  and  the  substrate,  and  an  insulating  jacket 
surrounding  at  least  a  portion  of  the  fuel  element. 

The  smoking  article  of  the  present  invention  is  capable 
of  providing  an  aerosol  "smoke"  which  is  chemically  simple, 
consisting  essentially  of  air,  oxides  of  carbon,  water,  and  the 
aerosol  which  carries  any  desired  flavorants  or  other  desired 
volatile  materials,  and  trace  amounts  of  other  materials.  The 
aerosol  "smoke"  from  the  preferred  embodiments  has  no 
significant  mutagenic  activity  as  measured  by  the  Ames  Test. 
In  addition,  the  article  may  be  made  virtually  ashless  so  that 
the  user  does  not  have  to  remove  any  ash  during  use. 
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 T h e   present  invention  relates  to  a  smoking  article  which 
produces  an  aerosol  that  resembles  tobacco  smoke,  but 
contains  no  more  than  a  minimal  amount  of  incomplete 
combustion  or  pyrolysis  products. 

Preferred  embodiments  of  the  present  smoking  article 
comprise  a  short  combustible  carbonaceous  fuel  element,  a 
heat  stable  substrate  bearing  an  aerosol  forming  substance. 
a  heat  conducting  member  which  contacts  a  portion  of  the 
fuel  element  and  the  substrate,  and  an  insulating  jacket 
surrounding  at  least  a  portion  of  the  fuel  element. 

The  smoking  article  of  the  present  invention  is  capable 
of  providing  an  aerosol  "smoke"  which  is  chemically  simple, 
consisting  essentially  of  air,  oxides  of  carbon,  water,  and  the 
aerosol  which  carries  any  desired  flavorants  or  other  desired 
volatile  materials,  and  trace  amounts  of  other  materials.  The 
aerosol  "smoke"  from  the  preferred  embodiments  has  no 
significant  mutagenic  activity  as  measured  by the  Ames  Test. 
ln  addition,  the  article  may  be  made  virtually  ashless  so  that 
the  user  does  not  have  to  remove  any  ash  during  use. 



BACKGROUND  OF  THE  INVENTION 

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

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

s m o k e ,   and  w h i c h   o b t a i n s   no  more  t h a n   a  m i n i m a l  

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

Many  smoking   a r t i c l e s   have  b e e n   p r o p o s e d   t h r o u g h  

t h e   y e a r s ,   e s p e c i a l l y   o v e r   t h e   l a s t   20  t o  3 0   y e a r s ,  
b u t   none  of  t h e s e   p r o d u c t s   has  e v e r   r e a l i z e d   a n y  
c o m m e r c i a l   s u c c e s s .  

D e s p i t e   d e c a d e s   of  i n t e r e s t   and  e f f o r t ,   t h e r e   i s  

s t i l l   no  s m o k i n g   a r t i c l e   on  t h e   m a r k e t   w h i c h   p r o v i d e s  

t h e   b e n e f i t s   and  a d v a n t a g e s   a s s o c i a t e d   w i t h  

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

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

p y r o l y s i s   p r o d u c t s .  

SUMMARY  OF  THE  INVENTION 

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

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

of  a e r o s o l ,   b o t h   i n i t i a l l y   and  o v e r   t h e   u s e f u l   l i f e   o f  

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

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

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



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

q u a n t i t i e s   of  s i d e s t r e a m   s m o k e .   S m o k i n g   a r t i c l e s   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   a r e   c a p a b l e   o f  

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

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

T h e s e   and  o t h e r   a d v a n t a g e s   a r e   o b t a i n e d   b y  

p r o v i d i n g   an  e l o n g a t e d ,   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  

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

of  a  c a r b o n a c e o u s   m a t e r i a l ,   in  c o n j u n c t i o n   w i t h   a  

p h y s i c a l l y   s e p a r a t e   a e r o s o l   g e n e r a t i n g   means   w h i c h   i s  

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

e l e m e n t .   Upon  l i g h t i n g ,   t h e   f u e l   e l e m e n t   g e n e r a t e s  

h e a t   w h i c h   is   u s e d   to   v o l a t i l i z e   t h e   a e r o s o l   f o r m i n g  

s u b s t a n c e   or  s u b s t a n c e s   in  t h e   a e r o s o l   g e n e r a t i n g  

m e a n s .   T h e s e   v o l a t i l e   m a t e r i a l s   a r e   t h e n   d r a w n   t o w a r d  

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

u s e r ' s   m o u t h ,   a k i n   t o   t h e   smoke  of  a  c o n v e n t i o n a l  

c i g a r e t t e .  

P r e f e r a b l y ,   t h e   f u e l   e l e m e n t   is   l e s s   t h a n   a b o u t   3 0  

mm  in  l e n g t h ,   more   p r e f e r a b l y   l e s s   t h a n   15  mm  i n  

l e n g t h ,   has   a  d e n s i t y   of  a t   l e a s t   0 . 5   g / c c ,   and   i s  

p r o v i d e d   w i t h   one  or  more  l o n g i t u d i n a l   p a s s a g e s .  

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

a  h e a t   s t a b l e   s u b s t r a t e   i n c l u d i n g   one  or  more   a e r o s o l  

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

r e l a t i o n s h i p   b e t w e e n   t h e   f u e l   and  t h e   a e r o s o l  

g e n e r a t o r   is  a c h i e v e d   by  p r o v i d i n g   a  h e a t   c o n d u c t i n g  

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

c o n d u c t s   or  t r a n s f e r s   h e a t   f rom  t h e  



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

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

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

a t   l e a s t   a  p o r t i o n   of  t h e i r   p e r i p h e r a l   s u r f a c e s .   I n  

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

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

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

j a c k e t   b e i n g   p r e f e r a b l y   r e s i l i e n t   and  a t   l e a s t   0 .5   mm 

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

r e t a i n i n g   and  d i r e c t i n g   h e a t   f rom  t h e   f u e l   e l e m e n t  

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

member  p r e f e r a b l y   o v e r w r a p s   a t   l e a s t   p a r t   of  t h e   f u e l  

e l e m e n t ,   and  a d v a n t a g e o u s l y   at   l e a s t   p a r t   of  t h e  

a e r o s o l   g e n e r a t i n g   m e a n s .  

B e c a u s e   t h e   p r e f e r r e d   f u e l   e l e m e n t   is  r e l a t i v e l y  

s h o r t ,   t h e   h o t ,   b u r n i n g   f i r e   cone  is   a l w a y s   c l o s e   t o  

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

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

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

a r e   p r o v i d e d   w i t h   a  h e a t   c o n d u c t i n g   member .   T h e  

p r e f e r r e d   use  of  a  r e l a t i v e l y   s h o r t ,   low  m a s s  

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

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

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

s i n k   e f f e c t   of  t h e   s u b s t r a t e .   B e c a u s e   t h e   a e r o s o l  

f o r m i n g   s u b s t a n c e   is  p h y s i c a l l y   s e p a r a t e   f rom  t h e   f u e l  

e l e m e n t ,   i t   is   e x p o s e d   to  s u b s t a n t i a l l y   l o w e r  

t e m p e r a t u r e s   t h a n   a r e   p r e s e n t   in  t h e   b u r n i n g   f i r e  

c o n e ,   t h e r e b y   m i n i m i z i n g   t h e   p o s s i b i l i t y   of  t h e r m a l  

d e g r a d a t i o n   of  t h e   a e r o s o l   f o r m e r .   M o r e o v e r ,   t h e  

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

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

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

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



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

s i d e s t r e a m   s m o k e .  

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

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

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

g e n e r a t i n g   means   to   t h e   u s e r .   A d v a n t a g e o u s l y ,   t h e  

a r t i c l e   h a s   t h e   same  o v e r a l l   d i m e n s i o n s   as  a  
c o n v e n t i o n a l   c i g a r e t t e ,   and  as  a  r e s u l t ,   t h e   m o u t h e n d  

p i e c e   and  t h e   a e r o s o l   d e l i v e r y   means   u s u a l l y   e x t e n d  

o v e r   more  t h a n   h a l f   t h e   l e n g t h   of  t h e   a r t i c l e .  

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

g e n e r a t i n g   means   may  be  p r o d u c e d   w i t h o u t   a  b u i l t - i n  

m o u t h e n d   p i e c e   or  a e r o s o l   d e l i v e r y   m e a n s ,   f o r   use  w i t h  

a  s e p a r a t e ,   d i s p o s a b l e   or  r e u s a b l e   m o u t h e n d   p i e c e .  
The  s m o k i n g   a r t i c l e   of  t h e   p r e s e n t   i n v e n t i o n   a l s o  

may  i n c l u d e   a  c h a r g e   or  p l u g   of  t o b a c c o   w h i c h   may  b e  

u s e d   to   add  a  t o b a c c o   f l a v o r   to  t h e   a e r o s o l .  

P r e f e r a b l y ,   t h e   t o b a c c o   is   p l a c e d   a t   t h e   mou th   end  o f  

t h e   a e r o s o l   g e n e r a t i n g   m e a n s ,   or  i t   may  be  m i x e d   w i t h  

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

F l a v o r i n g   a g e n t s   a l s o   may  be  i n c o r p o r a t e d   i n t o   t h e  

a r t i c l e   to   f l a v o r   t h e   a e r o s o l   d e l i v e r e d   to   t h e   u s e r .  
P r e f e r r e d   e m b o d i m e n t s   of  t h e   i n v e n t i o n   a r e   c a p a b l e  

of  d e l i v e r i n g   a t   l e a s t   0 . 6   mg  of  a e r o s o l ,   m e a s u r e d   a s  
wet   t o t a l   p a r t i c u l a t e   m a t t e r ,   in  t h e   f i r s t   3  p u f f s ,  
when  smoked   u n d e r   FTC  s m o k i n g   c o n d i t i o n s .   (FTC 

s m o k i n g   c o n d i t i o n s   c o n s i s t   of  two  s e c o n d s   of  p u f f i n g  
(35  ml  t o t a l   v o l u m e )   s e p a r a t e d   by  58  s e c o n d s   o f  

s m o l d e r ) .   More  p r e f e r r e d   e m b o d i m e n t s   of  t h e   i n v e n t i o n  

a r e   c a p a b l e   of  d e l i v e r i n g   1 .5   mg  or  more  of  a e r o s o l   i n  

t h e   f i r s t   3  p u f f s .   Most   p r e f e r a b l y ,   e m b o d i m e n t s   o f  

t h e   i n v e n t i o n   a r e   c a p a b l e   of  d e l i v e r i n g   3  mg  or  m o r e  
of  a e r o s o l   in  t h e   f i r s t   3  p u f f s   when  smoked   u n d e r   FTC 



s m o k i n g   c o n d i t i o n s .   M o r e o v e r ,   p r e f e r r e d   e m b o d i m e n t s  

of  t h e   i n v e n t i o n   d e l i v e r   an  a v e r a g e   of  a t   l e a s t   a b o u t  

0 .8   mg  of  wet   t o t a l   p a r t i c u l a t e   m a t t e r   p e r   p u f f   f o r   a t  

l e a s t   a b o u t   6  p u f f s ,   p r e f e r a b l y   a t   l e a s t   a b o u t   1 0  

p u f f s ,   u n d e r   FTC  s m o k i n g   c o n d i t i o n s .  

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

i s   c a p a b l e   of  p r o v i d i n g   an  a e r o s o l   w h i c h   is  c h e m i c a l l y  

s i m p l e ,   c o n s i s t i n g   e s s e n t i a l l y   of  o x i d e s   of  c a r b o n ,  

a i r ,   w a t e r ,   and  t h e   a e r o s o l   w h i c h   c a r r i e s   any  d e s i r e d  

f l a v o r a n t s   or  o t h e r   d e s i r e d   v o l a t i l e   m a t e r i a l s ,   a n d  

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

p r e f e r a b l y   has   no  s i g n i f i c a n t   m u t a g e n i c   a c t i v i t y  

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

a d d i t i o n ,   t h e   a r t i c l e   may  be  made  v i r t u a l l y   a s h l e s s   s o  

t h a t   t h e   u s e r   d o e s   no t   have   to   r e m o v e   any  ash  d u r i n g  

u s e .  

As  u s e d   h e r e i n ,   and  o n l y   f o r   t h e   p u r p o s e s   of  t h i s  

a p p l i c a t i o n ,   " a e r o s o l "   i s   d e f i n e d   to   i n c l u d e   v a p o r s ,  

g a s e s ,   p a r t i c l e s ,   and  t h e   l i k e ,   b o t h   v i s i b l e   a n d  

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

by  t h e   u s e r   to  be  " s m o k e - l i k e , "   g e n e r a t e d   by  a c t i o n   o f  

t h e   h e a t   f rom  the   b u r n i n g   f u e l   e l e m e n t   upon  s u b s t a n c e s  

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

e l s e w h e r e   in  t h e   a r t i c l e .   As  so  d e f i n e d ,   t h e   t e r m  

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

a n d / o r   p h a r m a c o l o g i c a l l y   or  p h y s i o l o g i c a l l y   a c t i v e  

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

a e r o s o l .  

As  u s e d   h e r e i n ,   t h e   p h r a s e   " c o n d u c t i v e   h e a t  

e x c h a n g e   r e l a t i o n s h i p "   i s   d e f i n e d   as  a  p h y s i c a l  

a r r a n g e m e n t   of  t he   a e r o s o l   g e n e r a t i n g   means   and  t h e  

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

f rom  t he   b u r n i n g   f u e l   e l e m e n t   to   t he   a e r o s o l  

g e n e r a t i n g   means   s u b s t a n t i a l l y   t h r o u g h o u t   t h e  



b u r n i n g   p e r i o d   of  t h e   f u e l   e l e m e n t .   C o n d u c t i v e   h e a t  

e x c h a n g e   r e l a t i o n s h i p s   can  be  a c h i e v e d   by  l o c a t i n g   t h e  

a e r o s o l   g e n e r a t i n g   means   in  c o n t a c t   w i t h   t h e   f u e l  

e l e m e n t   and  in  c l o s e   p r o x i m i t y   to   t h e   b u r n i n g   p o r t i o n  

of  t h e   f u e l   e l e m e n t ,   a n d / o r   by  u t i l i z i n g   a  c o n d u c t i v e  

member   to  c a r r y   h e a t   f rom  t h e   b u r n i n g   f u e l   to   t h e  

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

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

As  u s e d   h e r e i n ,   t h e   t e r m   " c a r b o n a c e o u s "   m e a n s  

p r i m a r i l y   c o m p r i s i n g   c a r b o n .  

As  u s e d   h e r e i n ,   t h e   t e r m   " i n s u l a t i n g   m e a n s "  

a p p l i e s   to   a l l   m a t e r i a l s   w h i c h   a c t   p r i m a r i l y   a s  

i n s u l a t o r s .   P r e f e r a b l y ,   t h e s e   m a t e r i a l s   do  n o t   b u r n  

d u r i n g   u s e ,   bu t   t h e y   may  i n c l u d e   s low  b u r n i n g   c a r b o n s  

and  l i k e   m a t e r i a l s ,   as  w e l l   as  m a t e r i a l s   w h i c h   f u s e  

d u r i n g   u s e ,   s u c h   as  low  t e m p e r a t u r e   g r a d e s   of  g l a s s  

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

g - c a l / ( s e c )   ( c m 2 ) ( o C / c m ) ,   of  l e s s   t h a n   a b o u t   0 . 0 5 ,  

p r e f e r a b l y   l e s s   t h a n   a b o u t   0 . 0 2 ,   mos t   p r e f e r a b l y   l e s s  

t h a n   a b o u t   0 . 0 0 5 .   See ,   H a c k h ' s   C h e m i c a l   D i c t i o n a r y ,  

34  ( 4 t h   e d . ,   1969)   and  L a n g e ' s   H a n d b o o k   of  C h e m i s t r y ,  

10 ,   2 7 2 - 2 7 4   ( l l t h   e d . ,   1 9 7 3 ) .  

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

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

d r a w i n g s   and  in  t h e   d e t a i l e d   d e s c r i p t i o n   of  t h e  

i n v e n t i o n   w h i c h   f o l l o w .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e s   1  t h r o u g h   9  a r e   l o n g i t u d i n a l   v i e w s   o f  

v a r i o u s   e m b o d i m e n t s   of  t h e   i n v e n t i o n ;  

F i g u r e   1A  is  a  s e c t i o n a l   v i ew   of  t h e   e m b o d i m e n t   o f  

F i g u r e   1,  t a k e n   a l o n g   l i n e s   l A - l A   in  F i g u r e   1 ;  

F i g u r e   2A  is  a  l o n g i t u d i n a l   v iew  of  a  m o d i f i e d ,  



t a p e r e d   f u e l   e l e m e n t   of  t h e - e m b o d i m e n t   of  F i g u r e   2 ;  

F i g u r e   3A  is  a  s e c t i o n a l   v iew  of  t h e   e m b o d i m e n t  

of  F i g u r e   3,  t a k e n   a l o n g   l i n e s   3A-3A  in  F i g u r e   3;  a n d  

F i g u r e   10  d e p i c t s   t h e   a v e r a g e   peak   t e m p e r a t u r e  

p r o f i l e   of  t h e   s m o k i n g   a r t i c l e   of  E x a m p l e   5  d u r i n g  

u s e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  e m b o d i m e n t   of  t h e   i n v e n t i o n   i l l u s t r a t e d   i n  

F i g u r e   1,  w h i c h   p r e f e r a b l y   has   t h e   d i a m e t e r   of  a  

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

c a r b o n a c e o u s   f u e l   e l e m e n t   10 ,   an  a b u t t i n g   a e r o s o l  

g e n e r a t i n g   means   12,  and  a  f o i l   l i n e d   p a p e r   t u b e   1 4 ,  

w h i c h   f o r m s   t h e   m o u t h e n d   p i e c e   15  of  t h e   a r t i c l e .   I n  

t h i s   e m b o d i m e n t ,   f u e l   e l e m e n t   10  is  a  " b l o w p i p e "  

c h a r c o a l ,   i . e .   c a r b o n i z e d   wood ,   w h i c h   is  p r o v i d e d   w i t h  

f i v e   l o n g i t u d i n a l l y   e x t e n d i n g   h o l e s   16.  See  F i g u r e  

lA.  The  f u e l   e l e m e n t   10 ,   w h i c h   is   a b o u t   20  mm  l o n g ,  

o p t i o n a l l y   may  be  w r a p p e d   w i t h   c i g a r e t t e   p a p e r   t o  

i m p r o v e   l i g h t i n g   of  t h e   c h a r c o a l   f u e l .   T h i s   p a p e r   m a y  
be  t r e a t e d   w i t h   known  b u r n   a d d i t i v e s .  

A e r o s o l   g e n e r a t i n g   means   12  i n c l u d e s   a  p l u r a l i t y   o f  

g l a s s   b e a d s   20  c o a t e d   w i t h   an  a e r o s o l   f o r m i n g   s u b s t a n c e  

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

h e l d   in  p l a c e   by  a  p o r o u s   d i s c   22,  w h i c h   may  be  made  o f  

c e l l u l o s e   a c e t a t e .   T h i s   d i s c   may  be  p r o v i d e d   w i t h   a  

s e r i e s   of  p e r i p h e r a l   g r o o v e s   24  w h i c h   p r o v i d e   p a s s a g e s  
b e t w e e n   t h e   d i s c   and  t h e   f o i l   l i n e d   t u b e   1 4 .  

The  f o i l   l i n e d   p a p e r   t u b e   14 ,   w h i c h   f o r m s   t h e  

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

g e n e r a t i n g   means   12  and  t he   r e a r ,   n o n - l i g h t i n g   end  o f  

f u e l   e l e m e n t   1C.  The  t u b e   a l s o   f o r m s   an  a e r o s o l  

d e l i v e r y   p a s s a g e   26  b e t w e e n   t h e   a e r o s o l   g e n e r a t i n g  



means   12  and  m o u t h   end  15  of  t h e   a r t i c l e .  

The  p r e s e n c e   of  f o i l   l i n e d   t u b e   14 ,   w h i c h   c o u p l e s  

t h e   n o n l i g h t i n g   end  of  f u e l   10  to   a e r o s o l   g e n e r a t o r   1 2 ,  

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

g e n e r a t o r .   The  f o i l   a l s o   h e l p s   to   e x t i n g u i s h   t h e   f i r e  

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

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

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

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

a l u m i n u m   f o i l   of  0 . 3 5   m i l s   ( 0 . 0 0 8 9   mm)  in  t h i c k n e s s ,  

b u t   t h e   t h i c k n e s s   a n d / o r   t h e   t y p e   of  m e t a l   e m p l o y e d   may  
be  v a r i e d   tc   a c h i e v e   any  d e s i r e d   d e g r e e   of  h e a t  

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

as  G r a f o i l ,   a v a i l a b l e   f rom  U n i o n   C a r b i d e ,   a l s o   may  b e  

e m p l o y e d .  

The  a r t i c l e   i l l u s t r a t e d   in   F i g u r e   1  a l s o   i n c l u d e s  

an  - o p t i o n a l   mass   or  p l u g   of  t o b a c c o   28  to   c o n t r i b u t e  

f l a v o r   to   t h e   a e r o s o l .   T h i s   t o b a c c o   c h a r g e   28  may  b e  

p l a c e d   a t   t h e   mou th   end  of  d i s c   22,   as  shown  in   F i g u r e  

1,  or  i t   may  be  p l a c e d   b e t w e e n   g l a s s   b e a d s   20  and  d i s c  

22.   I t   a l s o   may  be  p l a c e d   in  p a s s a g e   26  a t   a  l o c a t i o n  

s p a c e d   f rom  a e r o s o l   g e n e r a t o r   1 2 .  

In  t h e   e m b o d i m e n t   shown  in  F i g u r e   2,   t h e   s h o r t   f u e l  

e l e m e n t   10  is   a  p r e s s e d   c a r b o n   rod  or  p l u g ,   a b o u t   20  mm 

l o n g ,   w h i c h   i s   p r o v i d e d   w i t h   an  a x i a l   h o l e   1 6 .  

A l t e r n a t i v e l y ,   t h e   f u e l   may  be  f o r m e d   f r o m   c a r b o n i z e d  

f i b e r s   and  p r e f e r a b l y   a l s o   p r o v i d e d   w i t h   an  a x i a l  

p a s s a g e w a y   c o r r e s p o n d i n g   to   h o l e   16.   In  t h i s  

e m b o d i m e n t ,   a e r o s o l   g e n e r a t i n g   means   12  i n c l u d e s   a  

t h e r m a l l y   s t a b l e   c o n d u c t i v e   c a r b o n a c e o u s   s u b s t r a t e   3 0 ,  

s u c h   as  a  p l u g   of  p o r o u s   c a r b o n ,   w h i c h   i s   i m p r e g n a t e d  
w i t h   an  a e r o s o l   f o r m i n g   s u b s t a n c e   or  s u b s t a n c e s .   T h i s  

s u b s t r a t e   may  be  p r o v i d e d   w i t h   an  o p t i o n a l   a x i a l  

p a s s a g e w a y   32 ,   as  is   shown  in  F i g u r e   2.  T h i s  

e m b o d i m e n t   a l s o   i n c l u d e s   a  mass   of  t o b a c c o   28  w h i c h   i s  



p r e f e r a b l y   p l a c e d   at   t h e   mouth   end  of  s u b s t r a t e   3 0 .  

For  a p p e a r a n c e   s a k e ,   t h i s   a r t i c l e   a l s o   i n c l u d e s   a n  

o p t i o n a l   h i g h   p o r o s i t y   c e l l u l o s e   a c e t a t e   f i l t e r   3 4 ,  

w h i c h   may  be  p r o v i d e d   w i t h   p e r i p h e r a l   g r o o v e s   36  t o  

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

b e t w e e n   f i l t e r   34  and  f o i l   t u b e   14.  O p t i o n a l l y ,   a s  

shown  in  F i g u r e   2A,  t h e   l i g h t i n g   end  11  of  t h e   f u e l  

e l e m e n t   may  be  t a p e r e d   to  i m p r o v e   l i g h t a b i l i t y .  

The  e m b o d i m e n t   of  t h e   i n v e n t i o n   i l l u s t r a t e d   i n  

F i g u r e   3,  i n c l u d e s   a  s p o r t   c o m b u s t i b l e   c a r b o n a c e o u s  

f u e l   e l e m e n t   10 ,   c o n n e c t e d   to   a e r o s o l   g e n e r a t i n g   m e a n s  

12  by  a  h e a t   c o n d u c t i v e   rod  99  and  by  a  f o i l   l i n e d  

p a p e r   t u b e   14 ,   w h i c h   a l s o   l e a d s   to  t he   mouth  end  1 5 - o f  

the   a r t i c l e .   In  t h i s   e m b o d i m e n t ,   f u e l   e l e m e n t   10  may  
be  b l o w p i p e   c h a r c o a l   or  a  p r e s s e d   or  e x t r u d e d   c a r b o n  

rod  or  p l u g   or  o t h e r   c a r b o n a c e o u s   f u e l   s o u r c e .  

A e r o s o l   g e n e r a t i n g   means   12  i n c l u d e s   a  t h e r m a l l y  

s t a b l e   c a r b o n a c e o u s   s u b s t r a t e   30 ,   such   as  a  p l u g   o f  

p o r o u s   c a r b o n ,   wh ich   is   i m p r e g n a t e d   w i t h   an  a e r o s o l  

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

i n c l u d e s   a  v o i d   s p a c e   97  b e t w e e n   the   f u e l   e l e m e n t   1 0  

and  t h e   s u b s t r a t e   30 .   The  p o r t i o n   of  t h e   f o i l   l i n e d  

t u b e   14  s u r r o u n d i n g   t h i s   v o i d   s p a c e   i n c l u d e s   a  

p l u r a l i t y   of  p e r i p h e r a l   h o l e s   100  w h i c h   p e r m i t  

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

a p p r o p r i a t e   p r e s s u r e   d r o p .  

As  shown  in  F i g u r e s   3  and  3A,  t he   h e a t   c o n d u c t i n g  

means  i n c l u d e s   a  c o n d u c t i v e   rod  99  and  t h e   f o i l   l i n e d  

t u b e   14 .   The  rod  99,   p r e f e r a b l y   f o r m e d   of  a l u m i n u m ,  

has  a t   l e a s t   one ,   p r e f e r a b l y   f rom  2  to  5,  p e r i p h e r a l  

g r o o v e s   96  t h e r e i n ,   to  a l l o w   a i r   p a s s a g e   t h r o u g h   t h e  

s u b s t r a t e .   The  a r t i c l e   of  F i g u r e   3  has   t h e   a d v a n t a g e  

t h a t   t h e   a i r   i n t r o d u c e d   i n t o   t he   v o i d   s p a c e   97 

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



not   d rawn  t h r o u g h   t h e   b u r n i n g   f u e l .  

The  e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   4  i n c l u d e s   a  

f i b r o u s   c a r b o n   f u e l   e l e m e n t   10 ,   such   as  c a r b o n i z e d  

c o t t o n   or  r a y o n .   The  f u e l   e l e m e n t   i n c l u d e s   a  s i n g l e  

a x i a l   h o l e   16.   The  s u b s t r a t e   38  of  t h e   a e r o s o l  

g e n e r a t o r   is  a  g r a n u l a r ,   t h e r m a l l y   s t a b l e   c a r b o n .   A 

mass   of  t o b a c c o   28  is   l o c a t e d   i m m e d i a t e l y   b e h i n d   t h e  

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

a c e t a t e   t u b e   ,40,   in  p l a c e   o f   t h e   f o i l   l i n e d   t u b e   o f  

p r e v i o u s   e m b o d i m e n t s .   T h i s   t u b e   40  i n c l u d e s   a n  

a n n u l a r   s e c t i o n   42  of  c e l l u l o s e   a c e t a t e   t o w  

s u r r o u n d i n g   an  o p t i o n a l   p l a s t i c ,   e . g . ,   p o l y p r o p y l e n e  

t u b e   44.   At  t h e   mouth   end  15  of  t h i s   e l e m e n t   t h e r e   i s  

a  low  e f f i c i e n c y   c e l l u l o s e   a c e t a t e   f i l t e r   p l u g   4 5 .  

The  e n t i r e   l e n g t h   of  t h e   a r t i c l e   is  w r a p p e d   i n  

c i g a r e t t e - t y p e   p a p e r   46 .   A  c o r k   or  w h i t e   ink  c o a t i n g  

48  may  be  u sed   on  t h e   m o u t h   end  to  s i m u l a t e   t i p p i n g .  

A  f o i l   s t r i p   50  is  l o c a t e d   on  t h e   i n s i d e ' o f   t h e   p a p e r ,  

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

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

e l e m e n t   to   t he   mouth  end  of  t h e   t o b a c c o   c h a r g e  2 8 .   I t  

may  be  i n t e g r a l   w i t h   t h e   p a p e r   or  i t   may  be  a  s e p a r a t e  

p i e c e   a p p l i e d   b e f o r e   t h e   p a p e r   o v e r w r a p .  
The  e m b o d i m e n t   of  F i g u r e   5  is  s i m i l a r   to   t h a t   o f  

F i g u r e   4.  In  t h i s   e m b o d i m e n t ,   t h e   a e r o s o l   g e n e r a t i n g  

means   12  is  f o r m e d   by  an  a l u m i n u m   m a c r o c a p s u l e   5 2  

w h i c h   is  f i l l e d   w i t h   a  g r a n u l a r   s u b s t r a t e   o r ,   as  s h o w n  

in  t h e   d r a w i n g ,   a  m i x t u r e   of  a  g r a n u l a r   s u b s t r a t e   5 4 ,  

and  t o b a c c o   56.   The  m a c r o c a p s u l e   52  is  c r i m p e d   a t   i t s  

ends   58 ,   60  to  e n c l o s e   t h e   m a t e r i a l   and  to   i n h i b i t  

m i g r a t i o n   of  t he   a e r o s o l   f o r m e r .   The  c r i m p e d   end  5 8 ,  

at  t h e   f u e l   end ,   p r e f e r a b l y   a b u t s   t he   r e a r   end  of  t h e  

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

A  v o i d   s p a c e   62  f o r m e d   by  end  58  a l s o   h e l p s   to  i n h i b i t  



m i g r a t i o n   of  t h e   a e r o s o l   f o r m e r   to  t he   f u e l .  

L o n g i t u d i n a l   p a s s a g e w a y s   59  and  61  a r e   p r o v i d e d   t o  

p e r m i t   t h e   p a s s a g e   of  a i r   and  t h e   a e r o s o l   f o r m i n g  

s u b s t a n c e .   M a c r o c a p s u l e   52  and  f u e l   e l e m e n t   10  may  b e  

u n i t e d   by  a  c o n v e n t i o n a l   c i g a r e t t e   p a p e r   47 ,   a s  

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

p a p e r ,   or  a  f o i l   s t r i p .   I f   c i g a r e t t e   p a p e r   is  u s e d ,   a  

s t r i p   64  n e a r   t h e   r e a r   end  of  t h e   f u e l   s h o u l d   b e  

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

m a t e r i a l s   w h i c h   c a u s e   t he   p a p e r   to  e x t i n g u i s h .   T h e  

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

c o n v e n t i o n a l   c i g a r e t t e   p a p e r   4 6 .  

F i g u r e   6  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   h a v i n g   a  

p r e s s e d   c a r b o n   f u e l   p l u g   10.  In  t h i s   e m b o d i m e n t ,   t h e  

f u e l   e l e m e n t   has   a  t a p e r e d   l i g h t i n g   end  1 1  f o r   e a s i e r  

l i g h t i n g   and  a  t a p e r e d   r e a r   end  9  f o r   e a s y   f i t t i n g  

i n t o   a  t u b u l a r   f o i l   w r a p p e r   66.   A b u t t i n g   t h e   r e a r   e n d  

of  t h e   f u e l   e l e m e n t   is  an  a l u m i n u m   d i s c   68  w i t h   a  

c e n t e r   h o l e   70 .   A  s e c o n d ,   o p t i o n a l   a l u m i n u m   d i s c   72  

w i t h   h o l e   74  is  l o c a t e d   at   t h e   mouth   end  of  t h e  

a e r o s o l   g e n e r a t o r   12.   In  b e t w e e n   i s   a  zone   76  of  a  

p a r t i c u l a t e   s u b s t r a t e   and  a  z o n e   78  of  t o b a c c o .   T h e  

f o i l   w r a p p e r   66  in  w h i c h   t h e   f u e l   e l e m e n t   is   m o u n t e d  

e x t e n d s   b a c k   b e y o n d   t he   s e c o n d   a l u m i n u m   d i s c   72.   T h i s  

e m b o d i m e n t   a l s o   i n c l u d e s   a  h o l l o w   c e l l u l o s e   a c e t a t e  

rod  42  w i t h   an  i n t e r n a l   p o l y p r o p y l e n e   t u b e   44 ,   and  a  

c e l l u l o s e   a c e t a t e   f i l t e r   p l u g   45.   The  e n t i r e   l e n g t h  

of  t h e   a r t i c l e   is  p r e f e r a b l y   w r a p p e d   w i t h   c i g a r e t t e  

p a p e r   4 6 .  

The  e m b o d i m e n t   shown  in  F i g u r e   7  i l l u s t r a t e s   t h e  

use  of  a  s u b s t r a t e   80  e m b e d d e d   w i t h i n   a  l a r g e   c a v i t y  

82  in  f u e l   e l e m e n t   10.   In  t h i s   e m b o d i m e n t ,   t h e   f u e l  

e l e m e n t   p r e f e r a b l y   is   f o r m e d   f r o m   an  e x t r u d e d   c a r b o n ,  

and  t h e   s u b s t r a t e   80  u s u a l l y   i s   a  r e l a t i v e l y   r i g i d ,  



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

w r a p p e d   w i t h   c o n v e n t i o n a l   c i g a r e t t e   p a p e r   46.   T h i s  

e m b o d i m e n t   may  a l s o   i n c l u d e   a  f o i l   s t r i p   84  to  c o u p l e  

f u e l   e l e m e n t   10  to   t h e   c e l l u l o s e   a c e t a t e   t u b e   40  a n d  

to   h e l p   e x t i n g u i s h   t h e   f u e l .  

The  e m b o d i m e n t s   shown  in  F i g u r e s   8  and  9  i n c l u d e   a  

n o n b u r n i n g   i n s u l a t i n g   j a c k e t   86  a r o u n d   f u e l   e l e m e n t   10  

to  i n s u l a t e   and  c o n c e n t r a t e   t h e   h e a t   in  t h e   f u e l  

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

In  t h e   e m b o d i m e n t   shown  in  F i g u r e   8,  b o t h   f u e l  

e l e m e n t   10  and  s u b s t r a t e   30  a r e   l o c a t e d   w i t h i n   a n  

a n n u l a r   j a c k e t   or  t u b e   86  of  i n s u l a t i n g   f i b e r s ,   s u c h  

as  c e r a m i c   ( e . g . ,   g l a s s )   f i b e r s .   N o n b u r n i n g   c a r b o n   o r  

g r a p h i t e   f i b e r s   may  be  u s e d   in  p l a c e   of  c e r a m i c  

f i b e r s .   F u e l   e l e m e n t   10  is  p r e f e r a b l y   an  e x t r u d e d  

c a r b o n   p l u g   h a v i n g   a  h o l e   16 .   In  t h e   i l l u s t r a t e d  

e m b o d i m e n t ,   t h e   l i g h t i n g   end  11  e x t e n d s   s l i g h t l y  

b e y o n d   t h e   edge   of  j a c k e t   86  fo r   e a s e   of  l i g h t i n g .  

S u b s t r a t e   30  is   a  s o l i d   p o r o u s   c a r b o n   m a t e r i a l ,  

a l t h o u g h   o t h e r   t y p e s   of  s u b s t r a t e s   may  be  u s e d .   T h e  

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

s u r r o u n d e d   by  a  p i e c e   of  a l u m i n u m   f o i l   87.  As 

i l l u s t r a t e d ,   t h i s   j a c k e t e d   f u e l / s u b s t r a t e   u n i t   i s  

c o u p l e d   to   a  m o u t h e n d   p i e c e ,   such   as  t h e   e l o n g a t e d  

c e l l u l o s e   a c e t a t e   t u b e   40  shown  in  t h e   d r a w i n g ,   w i t h  

an  o v e r w r a p   of  c o n v e n t i o n a l   c i g a r e t t e   p a p e r   46.   T h e  

j a c k e t   86  e x t e n d s   t o   t h e   mouth   end  of  s u b s t r a t e   3 0 ,  

bu t   may  r e p l a c e   c e l l u l o s e   a c e t a t e   rod  4 2 .  

In  t h e   e m b o d i m e n t   shown  in  F i g u r e   9,  an  a l u m i n u m  

m a c r o c a p s u l e   52  of  t h e   t y p e   shown  in  F i g u r e   5  is   u s e d  

to  e n c l o s e   a  g r a n u l a r   s u b s t r a t e   54  and  t o b a c c o   5 6 .  

T h i s   m a c r o c a p s u l e   i s   p r e f e r a b l y   p o s i t i o n e d   e n t i r e l y  
w i t h i n   t h e   i n s u l a t o r   j a c k e t   86.   In  a d d i t i o n ,   t h e  



l i g h t i n g   end  11  of  f u e l   e l e m e n t   10  d o e s   n o t   p r o t r u d e  

b e y o n d   t h e   f o r w a r d   end  of  j a c k e t   86.  P r e f e r a b l y ,   t h e  

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

a r e   s u r r o u n d e d   by  a  p i e c e   of  a l u m i n u m   f o i l   in  a  m a n n e r  

s i m i l a r   to   t h a t   shown  in  F i g u r e   8 .  

A l t e r n a t i v e l y ,   t h e   a l u m i n u m   f o i l   52  w h i c h  

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

end .   In  such   an  e m b o d i m e n t ,   t h e   r e a r   end  of  t h e   f u e l  

e l e m e n t   may  be  i n s e r t e d   i n t o   one  end  of  t h e   f o i l   and  a  

p o l y p r o p y l e n e   t u b e   may  be  f i t t e d   o v e r   or  p l a c e d   i n  

a b u t m e n t   w i t h   t h e   mouth   end  of  t he   f o i l .   The  e n t i r e  

a s s e m b l y   is  o v e r w r a p p e d   w i t h   f i b e r g l a s s   to   a  d i a m e t e r  

of  a  c o n v e n t i o n a l   c i g a r e t t e .  

Upon  l i g h t i n g   any  of  t h e   a f o r e s a i d   e m b o d i m e n t s ,  

t h e   f u e l   e l e m e n t   b u r n s ,   g e n e r a t i n g   t h e   h e a t   u sed   t o  

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

p r e s e n t   in  t h e   a e r o s o l   g e n e r a t i n g   m e a n s .   T h e s e  

v o l a t i l e   m a t e r i a l s   a r e   t h e n   d r awn   t o w a r d   t h e   m o u t h e n d ,  

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

a k i n   to   t h e   smoke  of  a  c o n v e n t i o n a l   c i g a r e t t e .  

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

s h o r t ,   t h e   h o t ,   b u r n i n g   f i r e   cone  is   a l w a y s   c l o s e   t o  

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

t r a n s f e r   to  t he   a e r o s o l   g e n e r a t i n g   m e a n s ,   a n d  

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

p r e f e r r e d   h e a t   c o n d u c t i n g   member  i s   u s e d .   I n  

a d d i t i o n ,   t he   p r e f e r r e d   i n s u l a t i n g   member   t e n d s   t o  

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

c e n t r a l   c o r e   of  t h e   a r t i c l e ,   t h e r e b y   i n c r e a s i n g   t h e  

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

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

p h y s i c a l l y   s e p a r a t e   f rom  t he   f u e l   e l e m e n t ,   i t   i s  

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

p r e s e n t   in  t h e   b u r n i n g   f i r e   c o n e .   T h i s   m i n i m i z e s   t h e  



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

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

d u r i n g   p u f f i n g ,   bu t   l i t t l e   or  no  a e r o s o l   p r o d u c t i o n  

d u r i n g   s m o l d e r .   In  a d d i t i o n ,   t h e   use  of  t h e  

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

s e p a r a t e   a e r o s o l   g e n e r a t i n g   means   e l i m i n a t e s   t h e  

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

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

s u b s t a n t i a l   s i d e s t r e a m   s m o k e .  

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

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

e l e m e n t   e m p l o y e d   in  t h e   p r e s e n t   i n v e n t i o n ,   t h e   f u e l  

e l e m e n t   u s u a l l y   b e g i n s   b u r n i n g   o v e r   s u b s t a n t i a l l y   a l l  

of  i t s   e x p o s e d   l e n g t h   w i t h i n   a  few  p u f f s .   T h u s ,   t h e  

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

g e n e r a t i n g   m e a n s   b e c o m e s   ho t   q u i c k l y ,   w h i c h  

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

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

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

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

f u e l   to  a c t   as   a  h e a t   s i n k ,   as  was  common  in  p r e v i o u s  

t h e r m a l   a e r o s o l   a r t i c l e s .   Hea t   t r a n s f e r ,   and  t h e r e f o r  

a e r o s o l   d e l i v e r y ,   a l s o   is  e n h a n c e d   by  t h e   use  of  h o l e s  

t h r o u g h   t h e   f u e l ,   w h i c h   d r a w   ho t   a i r   to  t h e   a e r o s o l  

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

In  t h e   p r e f e r r e d   e m b o d i m e n t s   of  t h e   i n v e n t i o n ,   t h e  

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

m e m b e r ,   i n s u l a t i n g   m e a n s ,   and  p a s s a g e s   in  t h e   f u e l  

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

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

q u a n t i t i e s   of  a e r o s o l ,   on  v i r t u a l l y   e v e r y   p u f f .   T h e  

c l o s e   p r o x i m i t y   of  t h e   f i r e   cone  to  t h e   a e r o s o l  

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

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



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

of  s m o l d e r   b e t w e e n   p u f f s .  

W h i l e   n o t   w i s h i n g   to   be  bound  by  t h e o r y ,   i t   i s  

b e l i e v e d   t h a t   t h e   a e r o s o l   g e n e r a t i n g   means   i s  

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

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

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

h o l e s   in  t h e   f u e l   e l e m e n t ,   is   p r i m a r i l y   u t i l i z e d   t o  

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

i n c r e a s e d   h e a t   t r a n s f e r   makes   more  e f f i c i e n t   use  o f  

t h e   a v a i l a b l e   f u e l   e n e r g y ,   r e d u c e s   t h e   amoun t   of  f u e l  

n e e d e d ,   and  h e l p s   d e l i v e r   e a r l y   a e r o s o l .   F u r t h e r ,   t h e  

c o n d u c t i v e   h e a t   t r a n s f e r   u t i l i z e d   in  t h e   p r e s e n t  
i n v e n t i o n   i s   b e l i e v e d   to   r e d u c e   t h e   c a r b o n   f u e l  

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

r e d u c e s   t h e   CO/C02  r a t i o   in  t h e   c o m b u s t i o n   p r o d u c t s  

p r o d u c e d   by  t h e   f u e l .   See ,   e . g . ,   G.  Hagg,   G e n e r a l  

I n o r g a n i c  C h e m i s t r y ,   at  p.  592  ( J o h n   W i l e y   &  S o n s ,  

1 9 6 9 )  .  

F u r t h e r m o r e ,   by  t h e   a p p r o p r i a t e   s e l e c t i o n   of  t h e  

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

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

p o s s i b l e   to   c o n t r o l   t he   b u r n   p r o p e r t i e s   of  t h e   f u e l  

s o u r c e .   T h i s   p r o v i d e s   o p p o r t u n i t i e s   f o r   c o n t r o l   o f  

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

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

a e r o s o l   d e l i v e r e d   to   t h e   u s e r .  

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

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

t h a n   a b o u t   30  mm  l o n g .   A d v a n t a g e o u s l y   t h e   f u e l  

e l e m e n t   is  a b o u t   20  mm  or  l e s s ,   p r e f e r a b l y   a b o u t   15  mm 

or  l e s s   in  l e n g t h .   A d v a n t a g e o u s l y ,   t h e   d i a m e t e r   o f  

t h e   f u e l   e l e m e n t   i s   b e t w e e n   a b o u t   3  and  8  mm, 

p r e f e r a b l y   a b o u t   4  to  5  mm.  The  d e n s i t y   of  t h e   f u e l  



e l e m e n t s   e m p l o y e d   h e r e i n   has   r a n g e d   f rom  a b o u t   0 . 5  

g / c c   to   a b o u t   1 .5   g / c c .   P r e f e r a b l y ,   t h e   d e n s i t y   i s  

g r e a t e r   t h a n   0 . 7   g / c c . ,   more   p r e f e r a b l y   g r e a t e r   t h a n  

0 .8   g / c c .   P r e f e r a b l y ,   t h e   f u e l   is  p r o v i d e d   w i t h   o n e  

or  more  l o n g i t u d i n a l l y   e x t e n d i n g   h o l e s ,   s u c h   as  h o l e s  

11  in  F i g u r e s   1  t h r o u g h   5.  T h e s e   h o l e s   p r o v i d e  

p o r o s i t y   and  i n c r e a s e   e a r l y   h e a t   t r a n s f e r   to  t h e  

s u b s t r a t e   by  i n c r e a s i n g   t h e   a m o u n t   of  ho t   g a s e s   w h i c h  

r e a c h   t h e   s u b s t r a t e .  

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

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

C a r b o n a c e o u s   f u e l   e l e m e n t s   a r e   p r e f e r a b l y   f rom  a b o u t   5 

to   15  mm,  more   p r e f e r a b l y ,   f rom  a b o u t   8  to   12  mm  i n  

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

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

l e a s t   a b o u t   7  to   10  p u f f s ,   t h e   n o r m a l   number   of  p u f f s  

g e n e r a l l y   o b t a i n e d   by  s m o k i n g   a  c o n v e n t i o n a l   c i g a r e t t e  

u n d e r   FTC  c o n d i t i o n s .  

P r e f e r a b l y ,   t h e   c a r b o n   c o n t e n t   of  s u c h   a  f u e l  

e l e m e n t   i s   a t   l e a s t   6 0  -   70%,  mos t   p r e f e r a b l y   at   l e a s t  

a b o u t   80%  or  more   by  w e i g h t .   E x c e l l e n t   r e s u l t s   h a v e  

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

c o n t e n t   of  a b o v e   a b o v e   a b o u t   85%  by  w e i g h t .   H i g h  

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

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

p r o d u c t s ,   l i t t l e   or  no  v i s i b l e   s i d e s t r e a m   s m o k e ,   a n d  

m i n i m a l   ash  and  h a v e   h i g h   h e a t   c a p a c i t y .   H o w e v e r ,  

l o w e r   c a r b o n   c o n t e n t   f u e l   e l e m e n t s ,   e . g . ,   a b o u t   5 0  -  

65  w e i g h t   p e r c e n t ,   a r e   w i t h i n   t h e   s c o p e   of  t h i s  

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

i s   u s e d .  

A l s o ,   w h i l e   no t   p r e f e r r e d ,   o t h e r   f u e l   m a t e r i a l s  

may  be  e m p l o y e d ,   s u c h   as  t o b a c c o ,   t o b a c c o   s u b s t i t u t e s  

and   t he   l i k e ,   p r o v i d e d   t h a t   t h e y   t h e y   g e n e r a t e   a n d  



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

means   to  p r o d u c e   t h e   d e s i r e d   l e v e l   of  a e r o s o l   f rom  t h e  

a e r o s o l   f o r m i n g   m a t e r i a l ,   as  d i s c u s s e d   a b o v e .   T h e  

d e n s i t y   of  t h e   f u e l   u s e d   s h o u l d   be  a b o v e   a b o u t  

0 . 5 g / c c . ,   p r e f e r a b l y   a b o v e   a b o u t   0 .7   g / c c . ,   w h i c h   i s  

h i g h e r   t h a n   t he   d e n s i t i e s   n o r m a l l y   u s e d   i n  

c o n v e n t i o n a l   s m o k i n g   a r t i c l e s .   Where   such   o t h e r  

m a t e r i a l s   a r e   u s e d ,   i t   is   much  p r e f e r r e d   to  i n c l u d e  

c a r b o n   in  t h e   f u e l ,   p r e f e r a b l y   in  a m o u n t s   of  at   l e a s t  

a b o u t   2 0  -   40%  by  w e i g h t ,   more  p r e f e r a b l y   a t   l e a s t  

a b o u t   50%  by  w e i g h t ,   and  mos t   p r e f e r a b l y   at   l e a s t  

a b o u t   65  -70%  by  w e i g h t ,   t h e   b a l a n c e   b e i n g   b e i n g   t h e  

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

m o d i f i e r s ,   m o i s t u r e ,   e t c .  

The  c a r b o n a c e o u s   m a t e r i a l s   u s e d   in  or  as  t h e  

p r e f e r r e d   f u e l   may  be  d e r i v e d   f rom  v i r t u a l l y   any  o f  

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

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

o b t a i n e d   by  t h e   p y r o l y s i s   or  c a r b o n i z a t i o n   o f  

c e l l u l o s i c   m a t e r i a l s ,   s u c h   as  wood,   c o t t o n ,   r a y o n ,  
t o b a c c o ,   c o c o n u t ,   p a p e r ,   and  t h e   l i k e ,   a l t h o u g h  

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

In  mos t   i n s t a n c e s ,   t h e   c a r b o n a c e o u s   f u e l   e l e m e n t  

s h o u l d   be  c a p a b l e   of  b e i n g   i g n i t e d   by  a  c o n v e n t i o n a l  

c i g a r e t t e   l i g h t e r   w i t h o u t   t h e   use  of  an  o x i d i z i n g  

a g e n t .   B u r n i n g   c h a r a c t e r i s t i c s   of  t h i s   t y p e   may 

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

has   been   p y r o l y z e d   at  t e m p e r a t u r e s   b e t w e e n   a b o u t  

4 0 0 0 c   to  a b o u t   1 0 0 0 ° C ,   p r e f e r a b l y   b e t w e e n   a b o u t  

500°C  to  a b o u t   9500C,   in  an  i n e r t   a t m o s p h e r e   o r  

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

be  c r i t i c a l ,   as  l o n g   as  t h e   t e m p e r a t u r e   a t   t h e   c e n t e r  

of  t h e   p y r o l y z e d   mass   has   r e a c h e d   t h e   a f o r e s a i d  

t e m p e r a t u r e   r a n g e   f o r   a t   l e a s t   a  few  m i n u t e s .  

H o w e v e r ,   a  s low  p y r o l y s i s ,   e m p l o y i n g   g r a d u a l l y  



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

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

y i e l d .  

W h i l e   u n d e s i r a b l e   in  mos t   c a s e s ,   c a r b o n a c e o u s   f u e l  

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

a g e n t   to   r e n d e r   them  i g n i t a b l e   by  a  c i g a r e t t e   l i g h t e r  

a r e   w i t h i n   t h e   s c o p e   of  t h i s   i n v e n t i o n ,   as  a r e  

c a r b o n a c e o u s   m a t e r i a l s   w h i c h   r e q u i r e   t h e   use  of  a  g l o w  

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

Such  c o m b u s t i o n   m o d i f y i n g   a g e n t s   a r e   d i s c l o s e d   in  m a n y  

p a t e n t s   and  p u b l i c a t i o n s   and  a r e   known  to  t h o s e   o f  

o r d i n a r y   s k i l l   in  t h e   a r t .  

The  mos t   p r e f e r r e d   c a r b o n a c e o u s   f u e l   e l e m e n t s   u s e d  

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

v o l a t i l e   o r g a n i c   m a t e r i a l .   By  t h a t ,   i t   i s   m e a n t   t h a t  

t h e   f u e l   e l e m e n t   i s   no t   p u r p o s e l y   i m p r e g n a t e d   or  m i x e d  

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

s u c h   as  v o l a t i l e   a e r o s o l   f o r m i n g   or  f l a v o r i n g   a g e n t s ,  

w h i c h   c o u l d   d e g r a d e   in  t h e   b u r n i n g   f u e l .   H o w e v e r ,  

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

t h e   f u e l ,   may  be  p r e s e n t   t h e r e i n .   S i m i l a r l y ,   s m a l l  

a m o u n t s   of  a e r o s o l   f o r m i n g   s u b s t a n c e s   may  m i g r a t e   f r o m  

t h e   a e r o s o l   g e n e r a t i n g   means   and  t h u s   may  a l s o   b e  

p r e s e n t   in  t h e   f u e l   e l e m e n t .  

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

or  e x t r u d e d   c a r b o n   mass  p r e p a r e d   f rom  c a r b o n   and  a  

b i n d e r ,   by  c o n v e n t i o n a l   p r e s s u r e   f o r m i n g   or  e x t r u s i o n  

t e c h n i q u e s .   A  p r e f e r r e d   a c t i v a t e d   c a r b o n   f o r   s u c h   a  

f u e l   e l e m e n t   i s   PCB-G,  and  a  p r e f e r r e d   n o n - a c t i v a t e d  

c a r b o n   is   PXC,  b o t h   a v a i l a b l e   f r o m   C a l g o n   C a r b o n  

C o r p o r a t i o n ,   P i t t s b u r g h ,   PA.  O t h e r   p r e f e r r e d   c a r b o n s  

f o r   p r e s s u r e   f o r m i n g   a n d / o r   e x t r u s i o n   a r e   p r e p a r e d   f r o m  

p y r o l y z e d   c o t t o n   or  p y r o l y z e d   p a p e r s .  

The  b i n d e r s   w h i c h   may  be  u s e d   in   p r e p a r i n g   s u c h   a  

f u e l   e l e m e n t   a r e   w e l l   known  in  t h e   a r t .   A  p r e f e r r e d  



b i n d e r   is   s o d i u m   c a r b o x y m e t h y l c e l l u l o s e   (SCMC)  w h i c h  

may  be  u s e d   a l o n e ,   w h i c h   is   p r e f e r r e d ,   or  i n  

c o n j u n c t i o n   w i t h   m a t e r i a l s   s u c h   as  s o d i u m   c h l o r i d e ,  

v e r m i c u l i t e ,   b e n t o n i t e ,   c a l c i u m   c a r b o n a t e ,   and  t h e  

l i k e .   O t h e r   u s e f u l   b i n d e r s   i n c l u d e   gums,  such   as  g u a r  

gum,  and  o t h e r   c e l l u l o s e   d e r i v a t i v e s ,   s u c h   a s  

m e t h y l c e l l u l o s e   and  c a r b o x y m e t h y l c e l l u l o s e   (CMC).  

A  wide   r a n g e   of  b i n d e r   c o n c e n t r a t i o n s   can   b e  

u t i l i z e d .   P r e f e r a b l y ,   t h e   a m o u n t   of  b i n d e r   is  l i m i t e d  

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

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

b i n d e r   mus t   be  i n c l u d e d   to   h o l d   t h e   f u e l   e l e m e n t  

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

w i l l   t h u s   d e p e n d   on  t h e   c o h e s i v e n e s s   of  t h e   c a r b o n   i n  

t h e   f u e l   e l e m e n t .  

I f   d e s i r e d ,   t he   a f o r e s a i d   f u e l   e l e m e n t s   may  b e  

p y r o l y z e d   a f t e r   f o r m a t i o n ,   f o r   e x a m p l e ,   to  a b o u t  

650oC  f o r   two  h o u r s ,   t o   c o n v e r t   t h e   b i n d e r   to  c a r b o n  

t h e r e b y   f o r m i n g   a  v i r t u a l l y   100%  c a r b o n   f u e l   e l e m e n t .  

The  f u e l   e l e m e n t s   e m p l o y e d   in   t h e   p r e s e n t   i n v e n t i o n  

a l s o   may  c o n t a i n   one  or  more  a d d i t i v e s   to   i m p r o v e  

b u r n i n g ,   such   as  up  to   a b o u t   5  w e i g h t   p e r c e n t   s o d i u m  

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

glow  r e t a r d a n t .   A l s o ,   up  to  a b o u t   5,  p r e f e r a b l y   1  t o  

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

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

p h y s i c a l   c h a r a c t e r i s t i c s ,   s u c h   as  c l a y s   l i k e   k a o l i n s ,  

s e r p e n t i n e s ,   a t t a p u l g i t e s ,   and  t h e   l i k e   a l s o   may  b e  

u s e d .  

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

f u e l ,   w h i c h   may  be  p r e p a r e d   by  c a r b o n i z i n g   a  f i b r o u s  

p r e c u r s o r ,   s u c h   as  c o t t o n ,   r a y o n ,   p a p e r ,  

p o l y a c r y l o n i t i l e ,   and  t h e   l i k e .   G e n e r a l l y ,   p y r o l y s i s  

a t   f rom  a b o u t   650°C  to   1 0 0 0 ° ,   p r e f e r a b l y   a t   a b o u t  



9 5 0 ° ,   f o r   a b o u t   30  m i n u t e s ,   in  an  i n e r t   a t m o s p h e r e   o r  

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

f i b e r   w i t h   good  b u r n i n g   c h a r a c t e r i s t i c s .   C o m b u s t i o n  

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

f u e l s .  

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

i n v e n t i o n   is   p h y s i c a l l y   s e p a r a t e   f rom  t h e   f u e l  

e l e m e n t .   By  p h y s i c a l l y   s e p a r a t e   i t   is  m e a n t   t h a t   t h e  

s u b s t r a t e ,   c o n t a i n e r   or  c h a m b e r   wh ich   c o n t a i n s   t h e  

a e r o s o l   f o r m i n g   m a t e r i a l s   i s   n o t   m ixed   w i t h ,   or  a  p a r t  

o f ,   t h e   b u r n i n g   f u e l   e l e m e n t .   As  n o t e d   p r e v i o u s l y ,  

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

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

p r e s e n c e   of  s i d e s t r e a m   s m o k e .   W h i l e   not   a  p a r t   of  t h e  

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

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

p r e f e r a b l y   a b u t s   or  i s   a d j a c e n t   to  t h e   f u e l   e l e m e n t .  

P r e f e r a b l y ,   t h e   a e r o s o l   g e n e r a t i n g   means   i n c l u d e s  

one  or  more   t h e r m a l l y   s t a b l e   m a t e r i a l s   w h i c h   c a r r y   o n e  

or  more  a e r o s o l   f o r m i n g   s u b s t a n c e s .   As  u s e d   h e r e i n ,   a  

t h e r m a l l y   s t a b l e   m a t e r i a l   i s   one  c a p a b l e   o f  

w i t h s t a n d i n g   t h e   h i g h   t e m p e r a t u r e s ,   e . g . ,   4 0 0 0 C  -  

6 0 0 0 C ,   w h i c h   e x i s t   n e a r   t h e   f u e l   w i t h o u t  

d e c o m p o s i t i o n   or  b u r n i n g .   The  use  of  such  m a t e r i a l   i s  

b e l i e v e d   to   h e l p   m a i n t a i n   t h e   s i m p l e   " smoke"   c h e m i s t r y  

of  t h e   a e r o s o l ,   as  e v i d e n c e d   by  t h e   l a c k   of  Ames 

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

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

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

s u b s t a n c e s ,   a r e   w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i o n ,  

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

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

t o b a c c o   s m o k e .  

T h e r m a l l y   s t a b l e   m a t e r i a l s   w h i c h   may  be  u s e d   as  a  



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

a r e   w e l l   known  to   t h o s e   s k i l l e d   in  t h e   a r t .   U s e f u l  

s u b s t r a t e s   s h o u l d   be  p o r o u s   and  mus t   be  c a p a b l e   o f  

r e t a i n i n g   an  a e r o s o l   f o r m i n g   c o m p o u n d   when  no t   in  u s e  

and  c a p a b l e   of  r e l e a s i n g  a   p o t e n t i a l   a e r o s o l   f o r m i n g  

v a p o r   upon  h e a t i n g   by  t h e   f u e l   e l e m e n t .  

U s e f u l   t h e r m a l l y   s t a b l e   m a t e r i a l s   i n c l u d e   t h e r m a l l y  
s t a b l e   a d s o r b e n t   c a r b o n s ,   such   as  p o r o u s   g r a d e   c a r b o n s ,  

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

l i k e .   O t h e r   s u i t a b l e   m a t e r i a l s   i n c l u d e   i n o r g a n i c  

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

c l a y s   s u c h   as  b e n t o n i t e ,  a n d   t h e   l i k e .   The  c u r r e n t l y  

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

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

s u c h   as  PC-25   and  PG-60  a v a i l a b l e   f rom  Union   C a r b i d e ,  

as  w e l l   as  SGL  c a r b o n   a v a i l a b l e   f rom  C a l g o n .  

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

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

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

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

one  or  more   a x i a l l y   e x t e n d i n g   p a s s a g e w a y s   t h e r e t h r o u g h ,  

and  t h e   l i k e .   S u b s t r a t e s ,   e s p e c i a l l y - p a r t i c u l a t e s ,   may  
be  p l a c e d   w i t h i n   a  c o n t a i n e r ,   p r e f e r a b l y   f o r m e d   f r o m  a  

m e t a l l i c   f o i l .  

The  a e r o s o l   g e n e r a t i n g   m e a n s   u s e d   in   t h e   i n v e n t i o n  

i s   u s u a l l y   l o c a t e d   no  more  t h a n   a b o u t   60  mm,  p r e f e r a b l y  

no  more  t h a n   30  mm,  most   p r e f e r a b l y   no  more  t h a n   15  mm 

f rom  t h e   l i g h t i n g   end  of  t h e   f u e l   e l e m e n t .   The  a e r o s o l  

g e n e r a t o r   may  v a r y   in  l e n g t h   f rom  a b o u t   2  mm  to  a b o u t  

60  mm,  p r e f e r a b l y   f rom  a b o u t   5  mm  to  40  mm,  and  m o s t  

p r e f e r a b l y   f rom  a b o u t   20  mm  to   35  mm.  I f   a  

n o n - p a r t i c u l a t e   s u b s t r a t e   i s   u s e d ,   i t   may  be  p r o v i d e d  

w i t h   one  or  more   h o l e s ,   to  i n c r e a s e   t h e   s u r f a c e   a r e a   o f  

t h e   s u b s t r a t e ,   and  to  i n c r e a s e   a i r   f low  and  h e a t  



t r a n s f e r .  

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

t h e   i n v e n t i o n   mus t   be  c a p a b l e   of  f o r m i n g   an  a e r o s o l   a t  

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

means   when  h e a t e d   by  t h e   b u r n i n g   f u e l   e l e m e n t .   S u c h  

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

h y d r o g e n   and  o x y g e n ,   b u t   t h e y   may  i n c l u d e   o t h e r  

m a t e r i a l s .   The  a e r o s o l   f o r m i n g   s u b s t a n c e s   can   be  i n  

s o l i d ,   s e m i s o l i d ,   or  l i q u i d   f o r m .   The  b o i l i n g   p o i n t   o f  

t h e   s u b s t a n c e   a n d / o r   t h e   m i x t u r e   of  s u b s t a n c e s   c a n  

r a n g e   up  to   a b o u t   5000C.-   S u b s t a n c e s   h a v i n g   t h e s e  

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

g l y c e r i n   and  p r o p y l e n e   g l y c o l ,   as  w e l l   as  a l i p h a t i c  

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

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

t e t r a d o d e c a n d i o a t e ,   and  o t h e r s .  

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

i n c l u d e   a  m i x t u r e   of  a  h i g h   b o i l i n g ,   low  v a p o r   p r e s s u r e  
s u b s t a n c e   and  a  low  b o i l i n g ,   h i g h   v a p o r   p r e s s u r e  
s u b s t a n c e .   T h u s ,   on  e a r l y   p u f f s ,   t h e   low  b o i l i n g  

s u b s t a n c e   w i l l   p r o v i d e   mos t   of  t h e   i n i t i a l   a e r o s o l ,  

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

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

of  t h e   a e r o s o l .  

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

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

a l c o h o l s .   E s p e c i a l l y   p r e f e r r e d   a e r o s o l   f o r m e r s   a r e  

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

g l y c o l ,   or  m i x t u r e s   t h e r e o f .  

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

or  w i t h i n   t h e   a e r o s o l   g e n e r a t i n g   means   in  a  

c o n c e n t r a t i o n   s u f f i c i e n t   to   p e r m e a t e   or  c o a t   t h e  

s u b s t r a t e ,   c a r r i e r ,   or  c o n t a i n e r .   For   e x a m p l e ,   t h e  

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



or  in  a  d i l u t e   s o l u t i o n   by  d i p p i n g ,   s p r a y i n g ,   v a p o r  

d e p o s i t i o n ,   or  s i m i l a r   t e c h n i q u e s .   S o l i d   a e r o s o l  

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

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

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

w i l l   v a r y   f rom  c a r r i e r   to   c a r r i e r   and  f r o m   a e r o s o l  

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

a m o u n t   of  l i q u i d   a e r o s o l   f o r m i n g   s u b s t a n c e s   may  

g e n e r a l l y   v a r y   f rom  a b o u t   20  mg  to   a b o u t   120  mg,  

p r e f e r a b l y   f rom  a b o u t   35  mg  to   a b o u t   85  mg,  and  m o s t  

p r e f e r a b l y   f rom  a b o u t   45  mg  t o   a b o u t   65  mg.  As  much  a s  

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

g e n e r a t i n g   means   s h o u l d   be  d e l i v e r e d   to   t h e   u s e r   a s  

WTPM.  P r e f e r a b l y ,   above   a b o u t   2  w e i g h t   p e r c e n t ,   m o r e  

p r e f e r a b l y   a b o v e   abou t ,   15  w e i g h t   p e r c e n t ,   and  m o s t  

p r e f e r a b l y   a b o v e   a b o u t   20  w e i g h t   p e r c e n t   of  t h e   a e r o s o l  

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

d e l i v e r e d   t o   t h e   u s e r   as  WTPM. 

The  a e r o s o l   g e n e r a t i n g   means   a l s o   may  i n c l u d e   o n e  

or  more  v o l a t i l e   f l a v o r i n g   a g e n t s ,   such   as  m e n t h o l ,  

v a n i l l i n ,   a r t i f i c i a l   c o f f e e ,   t o b a c c o   e x t r a c t s ,  

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

i m p a r t   f l a v o r   to  t h e   a e r o s o l .   I t   a l s o   may  i n c l u d e   a n y  
o t h e r   d e s i r a b l e   v o l a t i l e   s o l i d   or  l i q u i d   m a t e r i a l s .  

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

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

of  t o b a c c o   w h i c h   may  be  u s e d   to   add  a  t o b a c c o   f l a v o r   t o  

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

mouth   end  of  t h e   a e r o s o l   g e n e r a t i n g   m e a n s ,   or  i t   may  b e  

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

s u b s t a n c e .   F l a v o r i n g   a g e n t s   a l s o   may  be  i n c o r p o r a t e d  

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

u s e r .  

I f   a  c h a r g e   of  t o b a c c o   i s   e m p l o y e d ,   ho t   v a p o r s   a r e  



s w e p t   t h r o u g h   t h e   bed   of  t o b a c c o   to   e x t r a c t   a n d  

v a p o r i z e   t h e   v o l a t i l e   c o m p o n e n t s   in  t h e   t o b a c c o ,  

w i t h o u t   t h e   need   f o r   t o b a c c o   c o m b u s t i o n .   Thus   t h e   u s e r  

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

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

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

c o n v e n t i o n a l   c i g a r e t t e .  

A l t e r n a t i v e l y ,   t h e s e   o p t i o n a l   a g e n t s   may  be  p l a c e d  

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

s u c h   as  in  a  s e p a r a t e   s u b s t r a t e   or  c h a m b e r   in  t h e  

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

to   t h e   m o u t h e n d ,   or  in  t h e   o p t i o n a l   t o b a c c o   c h a r g e .   I f  

d e s i r e d ,   t h e s e   v o l a t i l e   a g e n t s   may  be  u s e d   in   l i e u  o f  

p a r t ,   or  a l l ,   of  t h e   a e r o s o l   f o r m i n g   s u b s t a n c e ,   so  t h a t  

t h e   a r t i c l e   d e l i v e r s   a  n o n a e r o s o l   f l a v o r   or  o t h e r  

m a t e r i a l   to   t h e   u s e r .  

A r t i c l e s   of  t h e   t y p e   d i s c l o s e d   h e r e i n   may  be  u s e d  

or  may  be  m o d i f i e d   f o r   use   as  d r u g   d e l i v e r y   a r t i c l e s ,  

f o r   d e l i v e r y   of  v o l a t i l e   p h a r m a c o l o g i c a l l y   o r  

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

m e t a p r o t e r e n o l ,   t e r b u t a l i n e   or  t h e   l i k e .  

The  h e a t   c o n d u c t i n g   member   p r e f e r a b l y   e m p l o y e d   i n  

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

s u c h   as  a l u m i n u m   f o i l ,   v a r y i n g   in  t h i c k n e s s   f r o m   l e s s  

t h a n   a b o u t   0 . 0 1   mm  to   a b o u t   0 .1   mm,  or  m o r e .   T h e  

t h i c k n e s s   a n d / o r   t h e   t y p e   of  c o n d u c t i n g   m a t e r i a l   may  b e  

v a r i e d   to   a c h i e v e   v i r t u a l l y   any  d e s i r e d   d e g r e e   of  h e a t  

t r a n s f e r .   As  shown  in  t h e   i l l u s t r a t e d   e m b o d i m e n t s ,   t h e  

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

a  p o r t i o n   of  t h e   f u e l   e l e m e n t   and   t h e   a e r o s o l  

g e n e r a t i n g   m e a n s ,   and  may  fo rm  t h e   c o n t a i n e r   w h i c h  

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

I n s u l a t i n g   m e m b e r s   w h i c h   may  be  u s e d   in  a c c o r d a n c e  

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



or  o r g a n i c   f i b e r s   s u c h   as  t h o s e   made  ou t   of  g l a s s ,  

a l u m i n a ,   s i l i c a ,   v i t r e o u s   m a t e r i a l s ,   m i n e r a l   w o o l ,  

c a r b o n s ,   s i l i c o n s ,   b o r o n ,   o r g a n i c   p o l y m e r s ,  

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

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

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

in  m a t s ,   s t r i p s   or  o t h e r   s h a p e s ,   may  a l s o   be  u s e d .  

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

s i m u l a t e   t he   f e e l   of  a  c o n v e n t i o n a l   c i g a r e t t e .   T h e s e  

m a t e r i a l s   a c t   p r i m a r i l y   as  an  i n s u l a t i n g   j a c k e t ,  

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

h e a t   f o r m e d   by  t h e   b u r n i n g   f u e l   e l e m e n t   to   t h e   a e r o s o l  

g e n e r a t i n g   m e a n s .   B e c a u s e   t h e   i n s u l a t i n g   j a c k e t  

b e c o m e s   hot   a d j a c e n t   to   t h e   b u r n i n g   f u e l   e l e m e n t ,   to   a  

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

a e r o s o l   g e n e r a t i n g   m e a n s .  

C u r r e n t l y   p r e f e r r e d   i n s u l a t i n g   m a t e r i a l s   i n c l u d e  

c e r a m i c   f i b e r s ,   s u c h   as  g l a s s   f i b e r s .   Two  e s p e c i a l l y  

p r e f e r r e d   g l a s s   f i b e r s   a r e   a v a i l a b l e   f rom  t h e   M a n n i n g  

P a p e r   Company  of  T r o y ,   New  Y o r k ,   u n d e r   t h e  

d e s i g n a t i o n s ,   M a n n i g l a s   1000  and  M a n n i g l a s   1 2 0 0 .  

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

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

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

a b o u t   7  to  8  mm.  T h u s ,   t h e  p r e f e r r e d   t h i c k n e s s   of  t h e  

i n s u l a t i n g   l a y e r   i s   f rom  a b o u t   0 .5   mm  to  2 .5   mm, 

p r e f e r a b l y ,   f rom  a b o u t   1  mm  to  2  mm.  When  p o s s i b l e ,  

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

e . g . ,   be low  a b o u t   6 5 0 0 C ,   a r e   p r e f e r r e d .  

When  t h e   i n s u l a t i n g   means   i s   f i b r o u s ,   t h e r e   i s  

p r e f e r a b l y   e m p l o y e d   a  b a r r i e r   means   a t   t h e   mou th   end  o f  

t h e   a r t i c l e .   One  s u c h   b a r r i e r   means   c o m p r i s e s   a n  

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

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



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

g l u e ,   to  b l o c k   a i r   f low  t h r o u g h   t h e   t o w .  

In  mos t   e m b o d i m e n t s   of  t h e   i n v e n t i o n ,   t h e  

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

a t t a c h e d   to   a  m o u t h e n d   p i e c e ,   such   as  a  f o i l   l i n e d  

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

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

s e p a r a t e l y ,   e . g . ,   in  t h e   f o rm  of  a  c i g a r e t t e   h o l d e r .  

T h i s   e l e m e n t   of  t h e   a r t i c l e   p r o v i d e s   t h e   p a s s a g e w a y  
w h i c h   c h a n n e l s   t h e   v a p o r i z e d   a e r o s o l   f o r m i n g   s u b s t a n c e  

i n t o   t h e   mou th   of  t h e   u s e r .   Due  to   i t s   l e n g t h ,  

p r e f e r a b l y   a b o u t   50  to  60  mm  or  m o r e ,   i t   a l s o   k e e p s   t h e  

h o t   f i r e   cone   away  f rom  t h e   mouth   and  f i n g e r s   of  t h e  

u s e r .  

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

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

a  w a t e r   or  l i q u i d   p r o o f   i n n e r   l a y e r ,   s h o u l d   o f f e r  

minimum  a e r o s o l   l o s s   by  c o n d e n s a t i o n   or  f i l t r a t i o n ,   a n d  

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

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

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

of  F i g u r e s   1  -   3  and  t h e   c e l l u l o s e - a c e t a t e   t u b e  

e m p l o y e d   in  t h e   e m b o d i m e n t s   of  F i g u r e s   4  -   9.  O t h e r  

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

o r d i n a r y   s k i l l   in  t h e   a r t .  

The  m o u t h e n d   p i e c e s   of  t h e   i n v e n t i o n   may  i n c l u d e   a n  

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

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

c i g a r e t t e .   Such  f i l t e r s   i n c l u d e   low  d e n s i t y   c e l l u l o s e  

a c e t a t e   f i l t e r s   and  h o l l o w   or  b a f f l e d   p l a s t i c   f i l t e r s ,  

s u c h   as  t h o s e   made  of  p o l y p r o p y l e n e .   In  a d d i t i o n ,   t h e  

e n t i r e   l e n g t h   of  a r t i c l e   or  any  p o r t i o n   t h e r e o f   may  b e  

o v e r w r a p p e d   w i t h   c i g a r e t t e   p a p e r .  
The  a e r o s o l   p r o d u c e d   by  t h e   p r e f e r r e d   a r t i c l e s   o f  



t h e   p r e s e n t   i n v e n t i o n   i s   c h e m i c a l l y   s i m p l e ,   c o n s i s t i n g  

e s s e n t i a l l y   of  a i r ,   o x i d e s   of  c a r b o n ,   t h e   a e r o s o l   w h i c h  

c a r r i e s   any  d e s i r e d   f l a v o r a n t s   or  o t h e r   d e s i r e d  

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

m a t e r i a l s .   The  wet   t o t a l   p a r t i c u l a t e   m a t t e r   (WTPM) 

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

has   no  m u t a g e n i c   a c t i v i t y   as  m e a s u r e d   by  t h e   Ames  t e s t ,  

i . e . ,   t h e r e   i s   no  s i g n i f i c a n t   d o s e   r e s p o n s e  

r e l a t i o n s h i p   b e t w e e n   t h e   WTPM  of  t h e   p r e s e n t   i n v e n t i o n  

and  t h e   number   of  r e v e r t a n t s   o c c u r r i n g   in   s t a n d a r d   t e s t  

m i c r o o r g a n i s m s   e x p o s e d   to   such  p r o d u c t s .   A c c o r d i n g   t o  

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

d e p e n d e n t   r e s p o n s e   i n d i c a t e s   t h e   p r e s e n c e   of  m u t a g e n i c  
m a t e r i a l s   in  t h e   p r o d u c t s   t e s t e d .   See  Ames  e t   a l . ,  

Mut.   R e s . ,   3 1 : 3 4 7 - 3 6 4   (1975)  ;   N a g a s   g t   a l . ,   M u t .  

R e s . .   4 2 : 3 3 5   ( 1 9 7 7 ) .  

A  f u r t h e r   b e n e f i t   f r om  t h e   p r e f e r r e d   e m b o d i m e n t s   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   t h e   r e l a t i v e   l a c k   of  a s h  

p r o d u c e d   d u r i n g   use   in  c o m p a r i s o n   to   a sh   f rom  a  

c o n v e n t i o n a l   c i g a r e t t e .   As  t h e   p r e f e r r e d   c a r b o n   f u e l  

s o u r c e   is   b u r n e d ,   i t   is   e s s e n t i a l l y   c o n v e r t e d   to   o x i d e s  

of  c a r b o n ,   w i t h   r e l a t i v e l y   l i t t l e   ash   g e n e r a t i o n ,   a n d  

t h u s   t h e r e   i s   no  need   to   d i s p o s e   of  a s h e s   w h i l e   u s i n g  
t h e   a r t i c l e .  

The  s m o k i n g   a r t i c l e   of  t h e   p r e s e n t   i n v e n t i o n   w i l l  

be  f u r t h e r   i l l u s t r a t e d   w i t h   r e f e r e n c e   to   t h e   f o l l o w i n g  

e x a m p l e s   w h i c h   a i d   in  t h e   u n d e r s t a n d i n g   of  t h e   p r e s e n t  
i n v e n t i o n ,   bu t   w h i c h   a r e   no t   to   be  c o n s t r u e d   a s  

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

u n l e s s   o t h e r w i s e   s p e c i f i e d ,   a r e   p e r c e n t   by  w e i g h t .   A l l  

t e m p e r a t u r e s   a r e   e x p r e s s e d   in  d e g r e e s   C e l s i u s   and  a r e  

u n c o r r e c t e d .   In  a l l   i n s t a n c e s ,   t h e   s m o k i n g   a r t i c l e s  

h a v e   a  d i a m e t e r   of  a b o u t   7  to   8  mm,  t h e   d i a m e t e r   of  a 

c o n v e n t i o n a l   c i g a r e t t e .  



E x a m p l e   1 

A  s m o k i n g   a r t i c l e   was  c o n s t r u c t e d   in  a c c o r d a n c e  

w i t h   t h e   e m b o d i m e n t   of  F i g u r e   1.  The  f u e l   e l e m e n t   w a s  

a  25  mm  l o n g   p i e c e   of  b low  p i p e   c h a r c o a l ,   w i t h   f i v e  

0 . 0 4 0   i n .   ( 1 . 0 2   mm)  l o n g i t u d i n a l   p a s s a g e w a y s   m a d e  

w i t h   a  n u m b e r   60  d r i l l   b i t .   The  c h a r c o a l   w e i g h e d   0 . 3 7 5  

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

t r e a t e d   c i g a r e t t e   p a p e r .   The  s u b s t r a t e   was  500  mg  o f  

g l a s s   b e a d s   ( 0 . 6 4   in.   [ 1 . 6 3   mm)  a v e r a g e   d i a m e t e r )  

h a v i n g   two  d r o p s ,   a p p r o x i m a t e l y   50  mg,  of  g l y c e r o l  

c o a t e d   on  t h e i r   s u r f a c e .   When  p a c k e d   i n t o   t h e   t u b e ,  

t h i s   s u b s t r a t e   was  a b o u t   6 .5   mm  l o n g .   The  f o i l   l i n e d  

t u b e   c o n s i s t e d   of  a  0 . 3 5   mi l   ( 0 . 0 0 8 9   mm)  l a y e r   o f  

a l u m i n u m   f o i l   i n s i d e   a  4 . 2 5   mil   ( 0 . 1 0 8   mm)  l a y e r   o f  

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

r e a r   5  mm  of  t h e   f u e l   e l e m e n t .   A  s h o r t   (8  mm)  p i e c e   o f  

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

p e r i p h e r y   was  u sed   to  h o l d   t h e   g l a s s   b e a d s   a g a i n s t   t h e  

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

f i l t e r   p i e c e   of  8  mm  l e n g t h   was  i n s e r t e d   i n t o   t h e   m o u t h  

end  of  t h e   t u b e   to  g i v e   t h e   a p p e a r a n c e   of  a  

c o n v e n t i o n a l   c i g a r e t t e .  T h e   o v e r a l l   l e n g t h   of  t h e  

a r t i c l e   was  a b o u t   70  mm. 

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

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

p u f f s   2  and  3,  and  good  d e l i v e r y   of  a e r o s o l   on  p u f f s   4 

t h r o u g h   9.  M o d e l s   of  t h i s   t y p e   g e n e r a l l y   y i e l d e d   a b o u t  

5-7  mg  of  we t   t o t a l   p a r t i c u l a t e   m a t t e r   (WTPM)  w h e n  

m a c h i n e   s m o k e d   u n d e r   FTC  s m o k i n g   p r o c e d u r e s   of  a  35  ml 

p u f f   v o l u m e ,   a  two  s e c o n d   p u f f   d u r a t i o n ,   and  a  6 0  

s e c o n d   p u f f   f r e q u e n c y .  



E x a m p l e  2  

A.  Fou r   s m o k i n g   a r t i c l e s   w e r e   c o n s t r u c t e d   w i t h   1 0  

mm  l o n g   p r e s s e d   c a r b o n   f u e l   e l e m e n t s   and  g l a s s   b e a d  

s u b s t r a t e s .   The  f u e l   e l e m e n t s   w e r e   f o r m e d   f rom  90% 

PCB-G  and  10%  SCMC,  a t   a b o u t   5000  p o u n d s   (2273  kg)  o f  

a p p l i e d   l o a d   w i t h   t h e   t a p e r e d   l i g h t i n g   end  i l l u s t r a t e d  

in  F i g u r e   2A.  A  s i n g l e   0 . 0 4 0   in  ( 1 . 0 2   mm)  h o l e   w a s  

f o r m e d   down  t h e   c e n t e r   of  e a c h   e l e m e n t .   T h r e e   of  t h e  

f o u r   f u e l   s o u r c e s   w e r e   w r a p p e d   w i t h   8  mm  wide  s t r i p s   o f  

c o n v e n t i o n a l   c i g a r e t t e   p a p e r .   The  f u e l   e l e m e n t s   w e r e  

i n s e r t e d   a b o u t  2   mm  i n t o   70  mm  l o n g   s e c t i o n s   of  t h e  

f o i l   l i n e d   t u b e   d e s c r i b e d   in   E x a m p l e   1.  G l a s s   b e a d s ,  

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

f o l l o w i n g   t a b l e ,   we re   i n s e r t e d   i n t o   t h e   open  end  of  t h e  

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

by  5  mm  l o n g   f o a m e d   p o l y p r o p y l e n e   f i l t e r s   h a v i n g   a  

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

g r o o v e s .   A  5  mm  l o n g   low  e f f i c i e n c y   c e l l u l o s e   a c e t a t e  

f i l t e r   p i e c e   was  i n s e r t e d   i n t o   t h e   mouth   end  of  e a c h  

a r t i c l e .   T h e s e   a r t i c l e s   w e r e   m a c h i n e   smoked  u n d e r   FTC 

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

(WTPM)  was  c o l l e c t e d   on  a  s e r i e s   of  C a m b r i d g e   p a d s .  

The  r e s u l t s   of  t h e s e   e x p e r i m e n t s   a r e   r e p o r t e d   in   T a b l e  

I .  



B.  T h r e e   s m o k i n g   a r t i c l e s   s i m i l a r   to  t h o s e  

d e s c r i b e d   in  E x a m p l e   2A  w e r e   c o n s t r u c t e d   w i t h   20  mm 

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

d e s c r i b e d   in  E x a m p l e   1.  T h e s e   a r t i c l e s   w e r e   m a c h i n e  

smoked   u n d e r   FTC  s m o k i n g   c o n d i t i o n s ,   and  t h e   WTPM  w a s  

c o l l e c t e d   on  a  s e r i e s   of  C a m b r i d g e   p a d s .   The  r e s u l t s  

of  t h e s e   t e s t s   a r e   r e p o r t e d   in  T a b l e   I I .  



E x a m p l e   3 

A.  Pour   s m o k i n g   a r t i c l e s   w e r e   c o n s t r u c t e d   a s  

shown  in  F i g u r e  2   w i t h   a  10  mm  p r e s s e d   c a r b o n   f u e l  

e l e m e n t   h a v i n g   t h e   t a p e r e d   l i g h t i n g   end  i l l u s t r a t e d   i n  

F i g u r e   2A.  The  f u e l   e l e m e n t   was  made  f rom  90%  P C B - G  

c a r b o n   and  10%  SCMC,  a t   a b o u t   5000  p o u n d s   (2273  kg)  o f  

a p p l i e d   l o a d .   A  0 . 0 4 0   in .   ( 1 . 0 2   mm)  h o l e  w a s   d r i l l e d  

down  t h e   c e n t e r   of  t h e   e l e m e n t .   The  s u b s t r a t e   f o r   t h e  

a e r o s o l   f o r m e r   was  cu t   and  m a c h i n e d   to   s h a p e   f r o m  

P C - 2 5 ,   a  p o r o u s   c a r b o n   s o l d   by  Un ion   C a r b i d e  

C o r p o r a t i o n ,   D a n b u r y ,   CT.  The  s u b s t r a t e   in  e a c h  

a r t i c l e   was  a b o u t   2 .5   mm  l o n g ,   and  a b o u t   8  mm  i n  

d i a m e t e r .   I t   was  l o a d e d   w i t h   an  a v e r a g e   of  a b o u t   27  

mg  of  a  1 : 1   p r o p y l e n e   g l y c o l - g l y c e r o l   m i x t u r e .   T h e  

f o i l   l i n e d   t u b e   m o u t h e n d   p i e c e ,   of  t h e   same  t y p e   a s  
u s e d   in  E x a m p l e   1,  e n c l o s e d   t h e   r e a r   2  mm  of  t h e   f u e l  



e l e m e n t   and  t he   s u b s t r a t e .   A  p l u g   of  B u r l e y   t o b a c c o ,  

a b o u t   100  mg  was  p l a c e d   a g a i n s t   t h e   mouth   end  of  t h e  

s u b s t r a t e .   A  s h o r t ,   a b o u t   5-9   mm,  b a f f l e d  

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

of  t h e   f o i l   l i n e d   t u b e .   A  32  mm  l e n g t h   of  a  c e l l u l o s e  

a c e t a t e   f i l t e r   w i t h   a  h o l l o w   p o l y p r o p y l e n e   t u b e   in  t h e  

c o r e   was   p l a c e d   b e t w e e n   t h e   t o b a c c o   and  t h e   f i l t e r  

p i e c e .   The  o v e r a l l   l e n g t h   of  e a c h   a r t i c l e   was  a b o u t  

78  mm. 

B.  S ix   a d d i t i o n a l   a r t i c l e s   we re   c o n s t r u c t e d  

s u b s t a n t i a l l y   as  in  E x a m p l e   3A,  bu t   t h e   s u b s t r a t e  

l e n g t h   was  i n c r e a s e d   to   5  mm,  and  a  0 . 0 4 0   in  ( 1 . 0 2   mm) 

h o l e   was   d r i l l e d   t h r o u g h   t h e   s u b s t r a t e .   In  a d d i t i o n ,  

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

a c e t a t e / p o l y p r o p y l e n e   t u b e .   Abou t   42  mg  of  t h e  

p r o p y l e n e   g l y c o l - g l y c e r o l   m i x t u r e   was  a p p l i e d   to   t h e  

s u b s t r a t e .   In  a d d i t i o n ,   two  p l u g s   of  B u r l e y   t o b a c c o ,  

a b o u t   1 0 0 - 1 5 0   mg  e a c h ,   w e r e   u s e d .   The  f i r s t   w a s  

p l a c e d   a g a i n s t   t h e   mou th   end   of  t h e   s u b s t r a t e ,   and  t h e  

s e c o n d  o n e   was  p l a c e d   a g a i n s t   t h e   f i l t e r   p i e c e .  

C.  Four   a d d i t i o n a l   a r t i c l e s   w e r e   c o n s t r u c t e d  

s u b s t a n t i a l l y   as  in  E x a m p l e   3A,  e x c e p t   t h a t   a n  

a p p r o x i m a t e l y   100-  mg  p l u g   of  f l u e - c u r e d '   t o b a c c o  

c o n t a i n i n g   a b o u t   s i x   p e r c e n t   by  w e i g h t   of  d i a m m o n i u m  

m o n o h y d r o g e n   p h o s p h a t e   was  u s e d   in  l i e u   of  t h e   p l u g   o f  

B u r l e y   t o b a c c o .  

D.  The  s m o k i n g   a r t i c l e s   f rom  E x a m p l e s   3A-C  w e r e  
t e s t e d   u s i n g   t h e   s t a n d a r d   Ames  T e s t .   See  Ames,   e t  

a l . ,   M u t .   R e s . ,   3 1 : 3 4 7 - 3 6 4   ( 1 9 7 5 ) ,   as  m o d i f i e d   b y  

N a g a s   e t   a l . ,   B u t .   R e s . ,   4 2 : 3 3 5   ( 1 9 7 7 ) ,   a n d  

1 1 3 : 1 7 3 - 2 1 5   ( 1 9 8 3 ) .   The  s a m p l e s   3A  and  C  w e r e  
" s m o k e d "   on  a  c o n v e n t i o n a l   c i g a r e t t e   s m o k i n g   m a c h i n e  

u s i n g   t h e   c o n d i t i o n s   of  a  35  ml  p u f f   v o l u m e ,   a  t w o  

s e c o n d   p u f f   d u r a t i o n ,   and  a  30  s e c o n d   p u f f   f r e q u e n c y ,  



f o r   t en   p u f f s .   The  s m o k i n g   a r t i c l e s   of  E x a m p l e   3B  

were   smoked   in  t h e   same  m a n n e r   e x c e p t   t h a t   a  60  s e c o n d  

p u f f   f r e q u e n c y   was  u s e d .   Only   one  f i l t e r   pad  was   u s e d  

f o r   each   g r o u p   of  a r t i c l e s .   T h i s   a f f o r d e d   t h e  

f o l l o w i n g   wet   t o t a l   p a r t i c u l a t e   m a t t e r   (WTPM)  f o r   t h e  

i n d i c a t e d   g r o u p s   of  a r t i c l e s :  

The  f i l t e r   pad  f o r   e a c h   of  t h e   a b o v e   e x a m p l e s  

c o n t a i n i n g   t h e   c o l l e c t e d   WTPM  was  s h a k e n   f o r   3 0  

m i n u t e s   in  DMSO  to  d i s s o l v e   t he  WTPM.   Each  s a m p l e   w a s  

t h e n   d i l u t e d   to   a  c o n c e n t r a t i o n   of  1  mg/ml  and  u s e d  

"as   i s "   in  t h e   Ames  a s s a y .   U s i n g   t h e   p r o c e d u r e   o f  

Nagas   et   a l . ,   Mut .   R e s ,   4 2 : 3 3 5 - 3 4 2   ( 1 9 7 7 ) ,   1  m g / m l  

c o n c e n t r a t i o n s   of  WTPM  w e r e   a d m i x e d   w i t h   t h e   S - 9  

a c t i v a t i n g   s y s t e m ,   p l u s   t h e   s t a n d a r d   Ames  b a c t e r i a l  

c e l l s ,   and  i n c u b a t e d   a t   370C  f o r   t w e n t y   m i n u t e s .  

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

S a l m o n e l l a   t y p h i m u r i u m ,   TA  98,   See  P u r c h a s e   e t   a l . ,  

N a t u r e ,   2 6 4 : 6 2 4 - 6 2 7   ( 1 9 7 6 ) .   Agar   was  t h e n   a d d e d   t o  

t h e   m i x t u r e ,   and  p l a t e s   we re   p r e p a r e d .   The  a g a r  

p l a t e s   we re   i n c u b a t e d   f o r   two  d a y s   a t   37°C ,   and  t h e  

r e s u l t i n g   c u l t u r e s   were   c o u n t e d .   Four   p l a t e s   w e r e   r u n  

f o r   each   d i l u t i o n   and  t h e   s t a n d a r d   d e v i a t i o n s   of  t h e  

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

c u l t u r e .  A s   shown  in  T a b l e   I I I ,   t h e r e   was  n o  

m u t a g e n i c   a c t i v i t y   c a u s e d   by  t h e   WTPM  o b t a i n e d   f r o m  

any  of  t h e   s m o k i n g   a r t i c l e s   t e s t e d .   T h i s   can   b e  

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



r e v e r t a n t s   pe r   p l a t e   w i t h   t h e   mean  n u m b e r   o f  

r e v e r t a n t s   o b t a i n e d   f r o m   t h e   c o n t r o l   (0  u g  

W T P M / P l a t e ) .   For   m u t a g e n i c   s a m p l e s ,   t he   mean  n u m b e r  

of  r e v e r t a n t s   p e r   p l a t e   w i l l   i n c r e a s e   w i t h   i n c r e a s i n g  

d o s e s .  





E x a m p l e   4 

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

F i g u r e   2.  Each  a r t i c l e   had   a  10  mm  p r e s s e d   c a r b o n  

f u e l   s o u r c e   as  d e s c r i b e d   in   E x a m p l e   3A.  T h i s   f u e l  

e l e m e n t   was  i n s e r t e d   3  mm  i n t o   one  end  of  a  70  mm  l o n g  

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

E x a m p l e   1.  A  5  mm  l o n g   c a r b o n   f e l t   s u b s t r a t e ,   c u t  

f rom  r a y o n   c a r b o n   f e l t   s o l d   by  F i b e r   M a t e r i a l s ,   I n c . ,  

was  b u t t e d   a g a i n s t   t he   f u e l   s o u r c e .   T h i s   s u b s t r a t e  

was  l o a d e d   w i t h   an  a v e r a g e   of  a b o u t   97  mg  of  a  1 : 1  

m i x t u r e   of  g l y c e r i n   and  p r o p y l e n e   g l y c o l ,   a b o u t   3  mg 

of  n i c o t i n e ,   and  a b o u t   0 .1   mg  of  a  m i x t u r e   o f  

f l a v o r a n t s .   A  5  mm  l o n g   s e c t i o n   of  b l e n d e d   t o b a c c o  

was  b u t t e d   a g a i n s t   t h e   mouth   end  of  t h e   s u b s t r a t e .   A 

5  mm  l o n g   c e l l u l o s e   a c e t a t e   f i l t e r   p i e c e   was  p l a c e d   i n  

t h e   mouth   end  of  t he   f o i l   l i n e d   t u b e .  

T h e s e   a r t i c l e s   were   m a c h i n e   smoked   u n d e r   t h e   FTC 

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

c o l l e c t e d   on  a  s i n g l e   C a m b r i d g e   pad  ( 1 3 3 . 3   mg  WTPM) ,  

d i l u t e d   in  DMSO  to  a  f i n a l   c o n c e n t r a t i o n   of  1  mg  WTPM 

p e r   ml  and  t e s t e d   f o r   Ames  a c t i v i t y   as  d e s c r i b e d   i n  

E x a m p l e   3D  u s i n g   e a c h   of  t h e   f o l l o w i n g   s t r a i n s :  

S a l m o n e l l a   t y p h i m u r i u m   TA  1 5 3 5 ,   1 5 3 7 ,   1 5 3 8 ,   98,   a n d  

1 0 0 .   As  shown  in  T a b l e   IV  t h e r e   was  no  m u t a g e n i c  

a c t i v i t y   c a u s e d   by  t h e   WTPM  c o l l e c t e d   f rom  t h e  

a r t i c l e s   t e s t e d .  





E x a m p l e   5 

A  s m o k i n g   a r t i c l e   was  b u i l t   as  shown  in   F i g u r e   2 

w i t h   a  10  mm  p r e s s e d   c a r b o n   f u e l   p l u g   h a v i n g   t h e  

c o n f i g u r a t i o n   shown  in  F i g u r e   2A,  b u t   w i t h   n o  

t o b a c c o .   The  f u e l   e l e m e n t   was  made  f rom  a  m i x t u r e   o f  

90%  PCB-G  a c t i v a t e d   c a r b o n   and  10%  SCMC  as  a  b i n d e r   a t  

a b o u t   5 0 0 0   p o u n d s   (2273  kg)  of  a p p l i e d   l o a d .   The  f u e l  

e l e m e n t   was  p r o v i d e d   w i t h   a  0 . 0 4 0   in  ( 1 . 0 2   mm) 

l o n g i t u d i n a l   p a s s a g e w a y .   The  s u b s t r a t e   was  a  10  mm 

l o n g   p o r o u s   c a r b o n   p l u g   made  f r o m   U n i o n   C a r b i d e ' s  

P C - 2 5 .   I t   was  p r o v i d e d   w i t h   a  0 . 0 2 9   i n .   ( 0 . 7 4   mm) 

d r i l l e d   a x i a l   h o l e ,   and  was  l o a d e d   w i t h   40  mg  of  a  

( 1 : 1 )   m i x t u r e   of  p r o p y l e n e   g l y c o l   and  g l y c e r o l .   T h e  

f o i l   l i n e d   t u b e ,   as  in  E x a m p l e   1,  e n c i r c l e d   t h e   r e a r   2 

mm  of  t h e   f u e l   e l e m e n t   and  f o r m e d   t h e   m o u t h e n d   p i e c e .  

The  a r t i c l e   d id   n o t   h a v e   a  f i l t e r   t i p ,   b u t   w a s  

o v e r w r a p p e d   w i t h   c o n v e n t i o n a l   c i g a r e t t e   p a p e r .   T h e  

t o t a l   l e n g t h   of  t h e   a r t i c l e   was  80  mm. 

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

shown  f o r   b o t h   " p u f f "   and  " s m o l d e r "   in  F i g u r e   10 .   As 

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

r e a r   end   of  t h e   f u e l   e l e m e n t   and  m o u t h e n d .   T h i s  

a s s u r e s   t h e   u s e r   of  no  u n p l e a s a n t   b u r n i n g   s e n s a t i o n  

when  u s i n g   a  p r o d u c t   of  t h i s   i n v e n t i o n .  

E x a m p l e   6 

A  s m o k i n g   a r t i c l e   was  c o n s t r u c t e d   in   a c c o r d a n c e  

w i t h   t h e   e m b o d i m e n t   of  F i g u r e   3.  The  f u e l   e l e m e n t   w a s  

a  19  mm  l o n g   p i e c e   of  b l o w p i p e   c h a r c o a l ,   w i t h   n o  

l o n g i t u d i n a l   p a s s a g e w a y s .   E m b e d d e d   15  mm  i n t o   t h e  

f u e l   e l e m e n t   was  a  1 / 8   i n .   ( 3 . 2   mm)  d i a m e t e r   a l u m i n u m  



r o d ,   28  mm  in  l e n g t h .   Four   9  mm  x  0 . 0 2 5   i n .   ( 0 . 6 4  

mm)  p e r i p h e r a l   g r o o v e s ,   s p a c e d   90°   a p a r t   w e r e   c u t  

i n t o   t he   p o r t i o n   of  t h e   a l u m i n u m   rod  w h i c h   p i e r c e d   t h e  

s u b s t r a t e .   The  s u b s t r a t e   was  Un ion   C a r b i d e   P C - 2 5  

c a r b o n   8  mm  in  l e n g t h .   The  g r o o v e s   in  t h e   a l u m i n u m  

rod  e x t e n d e d   a b o u t   0 .5   mm  b e y o n d   t h e   end  of  t h e  

s u b s t r a t e   t o w a r d   t h e   f u e l .   The  s u b s t r a t e   was  l o a d e d  

w i t h   150  mg  of  g l y c e r o l .   The  f o i l   l i n e d   t u b e ,   w h i c h  

was  t h e   same  as  in  E x a m p l e   1,  e n c l o s e d   a  p o r t i o n   o f  

t h e   " r e a r   of  t h e   f u e l   e l e m e n t .   A  gap  was  l e f t   b e t w e e n  

t h e   n o n - b u r n i n g   end  of  t h e   f u e l   e l e m e n t   and  t h e  

s u b s t r a t e .   A  s e r i e s   of  h o l e s   w e r e   cut   t h r o u g h   t h e  

f o i l   l i n e d   t u b e   in  t h i s   gap  r e g i o n   to  a l l o w   f o r   a i r  

f l o w .   A  s i m i l a r   s m o k i n g   a r t i c l e   was  c o n s t r u c t e d   w i t h  

a  p r e s s e d   c a r b o n   f u e l   p l u g .  

E x a m p l e   7 

A  s m o k i n g   a r t i c l e   was  c o n s t r u c t e d   as  shown  i n  

F i g u r e   4  w i t h   a  f u e l   s o u r c e   of  c a r b o n i z e d   c o t t o n  

f i b e r .   Four   s l i v e r s   of  c o t t o n   w e r e   t i g h t l y   b r a i d e d  

t o g e t h e r   w i t h   c o t t o n   s t r i n g   to   form  a  r o p e   w i t h   a  

d i a m e t e r   of  a b o u t   0 .4   in .   ( 1 0 . 2   mm).  T h i s   m a t e r i a l  

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

h e a t e d   to  9500C.   I t   t o o k   a b o u t   1  1 /2   h o u r s   t o  

r e a c h   t h a t   t e m p e r a t u r e ,   w h i c h   was  t h e n   h e l d   f o r   1 / 2  

h o u r .   A  16  mm  p i e c e   was  cu t   f rom  t h i s   p y r o l y z e d  

m a t e r i a l   to  be  u sed   as  t h e   f u e l   e l e m e n t .   A  2  mm  a x i a l  

h o l e   16  was  made  t h r o u g h   t h e   e l e m e n t   w i t h   a  p r o b e .  

The  f u e l   e l e m e n t   was  i n s e r t e d   2  mm  i n t o   a  20  mm  l o n g  

f o i l   l i n e d   t u b e   of  t h e   t y p e   d e s c r i b e d   in  E x a m p l e   1 .  

100  mg  of  Un ion   C a r b i d e   P C - 2 5 ,   in  g r a n u l a r   f o r m ,  

c o n t a i n i n g   60  mg  of  a  1 :1   p r o p y l e n e   g l y c o l - g l y c e r o l  

m i x t u r e ,   was  i n s e r t e d   i n t o   t h e   f o i l   l i n e d   t u b e .   A  5mm 



l o n g   p l u g   of  t o b a c c o ,   a b o u t   60  mg,  was  l o c a t e d  

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

l i n e d   t u b e .   A  48  mm  l o n g   a n n u l a r   c e l l u l o s e   a c e t a t e  

t u b e   w i t h   an  i n t e r n a l   4 . 5   mm  I . D .   p o l y p r o p y l e n e   t u b e  

was  i n s e r t e d   a b o u t   3  mm  i n t o   t h e   f o i l   l i n e d   t u b e .   A 

s e c o n d   f o i l   l i n e d   t u b e ,   50  mm  in  l e n g t h ,   was  i n s e r t e d  

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

a g a i n s t   t h e   20  mm  f o i l   l i n e d   t u b e .   A  5  mm  l o n g  

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

end  of  t h i s   s e c o n d   f o i l   l i n e d   t u b e .   The  o v e r a l l  

l e n g t h   was  84  mm.  When  l i t ,   t h i s   a r t i c l e   p r o d u c e d  

s u b s t a n t i a l   a m o u n t s   of  a e r o s o l   t h r o u g h o u t   t h e   f i r s t  

s i x   p u f f s   w i t h   a  t o b a c c o   f l a v o r .  

E x a m p l e   8 

A  s m o k i n g   a r t i c l e   was  c o n s t r u c t e d   as   shown  i n  

F i g u r e   5  w i t h   a  15  mm  l o n g   f i b r o u s   f u e l   e l e m e n t  

s u b s t a n t i a l l y   as  d e s c r i b e d   in  E x a m p l e   7.  T h e  

m a c r o c a p s u l e   52  was  f o r m e d   f r o m   a  15  mm  l o n g   p i e c e   o f  

4  mil   ( 0 . 1 0   mm)  t h i c k   a l u m i n u m   f o i l ,   w h i c h   was  c r i m p e d  

to  f o r m   a  12  mm  l o n g   c a p s u l e .   T h i s   m a c r o c a p s u l e   w a s  

l o o s e l y   f i l l e d   w i t h   100  mg  of  g r a n u l a t e d   P C - 6 0 ,   a  

c a r b o n   o b t a i n e d   f rom  U n i o n   C a r b i d e ,   and  50  mg  o f  

b l e n d e d   t o b a c c o .   The  g r a n u l a r   c a r b o n   was  i m p r e g n a t e d  

w i t h   60  mg  of  a  1 : 1   m i x t u r e   of  p r o p y l e n e   g l y c o l   a n d  

g l y c e r o l .   The  m a c r o c a p s u l e ,   t h e   f u e l   e l e m e n t ,   and  t h e  

m o u t h e n d   p i e c e   w e r e   u n i t e d   by  an  85  mm  l o n g   p i e c e   o f  

c o n v e n t i o n a l   c i g a r e t t e   p a p e r .  

E x a m p l e   9 

A  s m o k i n g   a r t i c l e   was  c o n s t r u c t e d   in   a c c o r d a n c e  

w i t h   t h e   e m b o d i m e n t   of  F i g u r e   6  w i t h   a  7  mm  l o n g  



p r e s s e d   c a r b o n   f u e l   e l e m e n t   c o n t a i n i n g   90%  PXC  c a r b o n  

and  10%  SCMC.  The  l o n g i t u d i n a l   p a s s a g e w a y   was  0 . 0 4 0  

i n .   ( 1 . 0 2   mm)  in  d i a m e t e r .   T h i s   f u e l   p l u g   w a s  

i n s e r t e d   i n t o   a  17  mm  l o n g   a l u m i n u m  f o i l   l i n e d   t u b e   s o  

t h a t   3  mm of   t h e   f u e l   e l e m e n t   was  i n s i d e   t h e   t u b e .   An 

8  mm  d i a m e t e r   d i s c   of  3 .5   mil  ( 0 . 0 8 9   mm)  a l u m i n u m  

f o i l ,   w i t h   a  0 . 0 4 9   in .   ( 1 . 2 4   mm)  d i a m e t e r   c e n t e r  

h o l e ,   was  i n s e r t e d   i n t o   t h e   o t h e r   end  of  t h e   t u b e   a n d  

b u t t e d   a g a i n s t   t h e   end  of  t h e   f u e l   s o u r c e .  
Un ion   C a r b i d e   PG-60  c a r b o n   was  g r a n u l a t e d   a n d  

s i e v e d   to   a  p a r t i c l e   s i z e   of  -6  to  +10  mesh .   80  mg  o f  

t h i s   m a t e r i a l   was  used   as  t h e   s u b s t r a t e ,   and  80  mg  o f  

a  1 :1   m i x t u r e   of  g l y c e r i n   and  p r o p y l e n e   g l y c o l   w a s  

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

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

t h e   f o i l   d i s k   on  t h e   end  of  t h e   f u e l   s o u r c e .   50  mg  o f  

b l e n d e d   t o b a c c o   was  l o o s e l y   p l a c e d   a g a i n s t   t h e  

s u b s t r a t e   g r a n u l e s .   An  a d d i t i o n a l   f o i l   d i s k   w i t h   a  

0 . 0 4 9   in .   ( 1 . 2 4   mm)  c e n t r a l   h o l e   was  i n s e r t e d   i n t o  

t h e   f o i l   t u b e   on  t h e   mouth  end  of  t h e   t o b a c c o .   A  l o n g  

h o l l o w   c e l l u l o s e   a c e t a t e   rod  w i t h   a  h o l l o w  

p o l y p r o p y l e n e   t u b e   as  d e s c r i b e d   in   E x a m p l e   7  w a s  

i n s e r t e d   3  mm  i n t o   t h e   f o i l   l i n e d   t u b e .   A  s e c o n d   f o i l  

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

a g a i n s t   t h e   end  of  t h e   17  mm  f o i l   l i n e d   t u b e .  

T h i s   model   d e l i v e r e d   11 .0   mg  of  a e r o s o l   in  t h e  

f i r s t   t h r e e   p u f f s   when  " s m o k e d "   u n d e r   FTC  c o n d i t i o n s .  

T o t a l   a e r o s o l   d e l i v e r y   fo r   n i n e   p u f f s   was  2 4 . 9   mg.  

Example   1 0  

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

s u b s t r a t e   c o n f i g u r a t i o n   of  F i g u r e   7  was  made  u s i n g   a  

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



i n n e r   d i a m e t e r   of  a b o u t   4  mm  and  an  o u t e r   d i a m e t e r   o f  

a b o u t   8  mm.  The  f u e l   was  made  f rom  90%  PCB-G 

a c t i v a t e d   c a r b o n   and  10%  SCMC.  The  s u b s t r a t e   was  a  1 0  

mm  l o n g   p i e c e   f o r m e d   of  U n i o n   C a r b i d e   PC-25  c a r b o n  

w i t h   an  e x t e r n a l   d i a m e t e r   of  a b o u t   4  mm.  T h e  

s u b s t r a t e ,   l o a d e d   w i t h   55  mg  of  a   1 : 1  

g l y c e r i n / p r o p y l e n e   g l y c o l   m i x t u r e ,   was  i n s e r t e d   w i t h i n  

t h e   end  of  t h e   f u e l   c l o s e r   to   t h e   m o u t h   end  of  t h e  

a r t i c l e .   T h i s   f u e l / s u b s t r a t e   c o m b i n a t i o n   was  i n s e r t e d  

7  mm  i n t o   a  70  mm  f o i l   l i n e d   t u b e   w h i c h   had  a  s h o r t  

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

of  t he   a r t i c l e   was  a b o u t   77  mm. 

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

a e r o s o l   on  t h e   f i r s t   t h r e e   p u f f s ,   and  o v e r   t h e   u s e f u l  

l i f e   of  t h e   f u e l   e l e m e n t .  

E x a m p l e   1 1  

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

F i g u r e   9  was  made  as  f o l l o w s :   A  9 .5   mm  l o n g   c a r b o n  

f u e l   s o u r c e   w i t h   a  4 . 5   mm  d i a m e t e r   and  a  1  mm  d i a m e t e r  

l o n g i t u d i n a l   p a s s a g e w a y   was  e x t r u d e d   f rom  a  m i x t u r e   o f  

10%  SCMC,  5%  p o t a s s i u m   c a r b o n a t e ,   and  85%  c a r b o n i z e d  

p a p e r   m i x e d   w i t h   10%  w a t e r .   The  m i x t u r e   had  a  

d o u g h - l i k e   c o n s i s t e n c y   and  was  f e d   i n t o   an  e x t r u d e r .  

The  e x t r u d e d   m a t e r i a l   was  cu t   to   l e n g t h   a f t e r   d r y i n g  
at   800C  o v e r n i g h t .   The  m a c r o c a p s u l e   was  made  f rom  a  
22  mm  l o n g   p i e c e   of  0 . 0 0 8 9   mm  t h i c k   a l u m i n u m   f o r m e d  

i n t o   a  c y l i n d e r   of  4 .5   mm  I . D .   The  m a c r o c a p s u l e   w a s  
f i l l e d   w i t h   (a)  70  mg  of  v e r m i c u l i t e   c o n t a i n i n g   50  mg 
of  a  1 : 1   m i x t u r e   of  p r o p y l e n e   g l y c o l   and  g l y c e r i n ,   a n d  

(b)  30  mg  of  b u r l e y   t o b a c c o   to   w h i c h   6%  g l y c e r i n   a n d  

6%  p r o p y l e n e   g l y c o l   had  b e e n   a d d e d .   The  f u e l   s o u r c e  
and  m a c r o c a p s u l e   w e r e   j o i n e d   by  i n s e r t i n g   t h e   f u e l  



s o u r c e   a b o u t   2  mm  i n t o   t h e   end  of  t h e   m a c r o c a p s u l e .   A 

35  mm  l o n g   p o l y p r o p y l e n e   t u b e   of  4 .5   mm  I . D .   w a s  

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

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

t h u s   j o i n e d   to   fo rm  a  65  mm  l o n g ,  4 . 5   mm  d i a m e t e r  

s e g m e n t .   T h i s   s e g m e n t   was  w r a p p e d   w i t h   s e v e r a l   l a y e r s  

of  M a n n i g l a s   1000  from  M a n n i n g   P a p e r   Company  u n t i l   a  

c i r c u m f e r e n c e   of  2 4 . 7   mm  was  r e a c h e d .   The  u n i t   w a s  

t h e n   c o m b i n e d   w i t h   a  5  mm  l o n g   c e l l u l o s e   a c e t a t e  

f i l t e r   and  w r a p p e d   w i t h   c i g a r e t t e   p a p e r .   When  s m o k e d  

u n d e r   FTC  c o n d i t i o n s ,   t h e   a r t i c l e   d e l i v e r e d   8  mg  o f  

WTPM  o v e r   t h e   i n i t i a l   t h r e e   p u f f s ;   7  mg  WTPM  o v e r  

p u f f s   4 - 6 ;   and  5  mg  WTPM  o v e r   p u f f s   7 - 9 .   T o t a l  

a e r o s o l   d e l i v e r y   o v e r   t h e   9  p u f f s   was  20  mg.  When  

p l a c e d   h o r i z o n t a l l y   on  a  p i e c e   of  t i s s u e   p a p e r ,   t h e  

a r t i c l e   d id   no t   i g n i t e   or  even   s c o r c h   t h e   t i s s u e  

p a p e r .  



1.  A  s m o k i n g   a r t i c l e   c o m p r i s i n g :  

(a)  a  c a r b o n a c e o u s   f u e l   e l e m e n t ;  

(b)  a  p h y s i c a l l y   s e p a r a t e   a e r o s o l   g e n e r a t i n g   m e a n s  

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

m a t e r i a l  ;   a n d  

(c)  a  m o u t h e n d   p i e c e ;  

t h e   f u e l   e l e m e n t   and  t h e   s u b s t r a t e   b e i n g   a r r a n g e d   in  a  

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

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

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

of   t h e   f u e l   e l e m e n t .  

2.  The  a r t i c l e   of  c l a i m   1,  w h e r e i n   t h e   f u e l  

e l e m e n t   is  l e s s   t h a n   a b o u t   30  mm  in  l e n g t h .  

3.  An  e l o n g a t e d   s m o k i n g   a r t i c l e   c o m p r i s i n g :  

(a)  a  c o m b u s t i b l e   f u e l   e l e m e n t   l e s s   t h a n   a b o u t   3 0  

mm  in  l e n g t h ,   and  h a v i n g   a  d e n s i t y   of  at   l e a s t   0 . 5  

g / c c . ;  

(b)  an  a e r o s o l   g e n e r a t i n g   means   in  c o n d u c t i v e   h e a t  

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

(c)  means   f o r   d e l i v e r i n g   t h e   a e r o s o l   p r o d u c e d   b y  
t h e   a e r o s o l   g e n e r a t i n g   m e a n s   to  t h e   u s e r .  

4.  An  e l o n g a t e d   s m o k i n g   a r t i c l e   c o m p r i s i n g :  

(a)  a  f u e l   e l e m e n t ;  

(b)  a  p h y s i c a l l y   s e p a r a t e   a e r o s o l   g e n e r a t i n g   m e a n s  

i n c l u d i n g   an  a e r o s o l   f o r m i n g   m a t e r i a l ;   a n d  

(c)  an  i n s u l a t i n g   member   s u r r o u n d i n g   a t   l e a s t   a  



p o r t i o n   of  t h e   f u e l   e l e m e n t .  

5.  The  a r t i c l e   of  c l a i m   4,  w h e r e i n   t h e   f u e l  

e l e m e n t   and  t h e   a e r o s o l   g e n e r a t i n g   means   a r e   in  a  

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

6.  The  a r t i c l e   of  c l a i m   4  or  5,  w h e r e i n   t h e   f u e l  

e l e m e n t   i s   l e s s   t h a n   30  mm  in  l e n g t h .  

7.  The  a r t i c l e   of  c l a i m   1,  2,  3  or  4  w h i c h  

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

m u t a g e n i c   a c t i v i t y ,   as  m e a s u r e d   by  t h e   Ames  t e s t .  

8.  The  a r t i c l e   of  c l a i m   4,  5,  6  or  7,  w h e r e i n   t h e  

i n s u l a t i n g   member  is   r e s i l i e n t   and  a t   l e a s t   0 .5   mm 

t h i c k .  

9.  The  a r t i c l e   of  c l a i m   8,  w h e r e i n   t h e   i n s u l a t i n g  

member   c o m p r i s e s   a  f i b r o u s   m a t e r i a l .  

10 .   The  a r t i c l e   of  c l a i m   4  or  5,  w h e r e i n   t h e  

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

11 .   The  a r t i c l e   of  c l a i m   1,  3,  4,  5  o r  8 ,   w h e r e i n  

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

l e s s   t h a n   20  mm  in  l e n g t h .  

12 .   The  a r t i c l e   of  c l a i m   1,  3,  4,  5  or  8,  w h e r e i n  

t h e   f u e l   e l e m e n t   is  l e s s   t h a n   15  mm  in  l e n g t h .  

13 .   The  a r t i c l e   of  c l a i m   11,   w h e r e i n   t h e   f u e l  

e l e m e n t   has   a  p l u r a l i t y   of  l o n g i t u d i n a l l y   e x t e n d i n g  

p a s s a g e s   t h e r e t h r o u g h .  



14.  The  a r t i c l e   of  c l a i m   1,  2,   3,  4  or  8,  f u r t h e r  

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

b o t h   t h e   f u e l   e l e m e n t   and  t h e   a e r o s o l   g e n e r a t o r   m e a n s .  

15.   The  a r t i c l e   of  c l a i m   14 ,   w h e r e i n   t h e   h e a t  

c o n d u c t i n g   member   i s   m e t a l l i c .  

16 .   The  a r t i c l e   of  c l a i m   15 ,   w h e r e i n   t h e   m e t a l l i c  

member  i s   a  m e t a l l i c   f o i l   w h i c h   e n c o m p a s s e s   a t   l e a s t   a  

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

g e n e r a t o r   m e a n s .  

17.   The  a r t i c l e   of  c l a i m   16 ,   w h e r e i n   t h e   m e t a l l i c  

member  e n c l o s e s   a  s u b s t r a t e   b e a r i n g   t h e   a e r o s o l  

f o r m i n g   m a t e r i a l .  

18.   The  a r t i c l e   of  c l a i m   16 ,   w h e r e i n   t h e   m e t a l l i c  

member  i s   a  m e t a l l i c   rod   e m b e d d e d   w i t h i n   a t   l e a s t   a  

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

g e n e r a t o r   m e a n s .  

19.   The  a r t i c l e   of  c l a i m   1 6 ,   w h e r e i n   t h e   f u e l  

e l e m e n t   i s   l e s s   t h a n   a b o u t   15  mm  in  l e n g t h .  

20.   The  a r t i c l e   of  c l a i m   1,  2 ,   3  or  4,  w h e r e i n  

t h e   a e r o s o l   g e n e r a t i n g   means   i s   a t   l e a s t   p a r t i a l l y  

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

21.  The  a r t i c l e   of  c l a i m   1,  2,  3  or  4,  w h e r e i n  

t he   a e r o s o l   g e n e r a t i n g   means   c o m p r i s e s   a  p o r o u s ,  
n o n p a r t i c u l a t e   s u b s t r a t e ,   h a v i n g   a  l o n g i t u d i n a l  

p a s s a g e w a y   at  l e a s t   p a r t i a l l y   t h e r e t h r o u g h .  

22.   The  a r t i c l e   of  c l a i m   1,   2,  3  or  4,  w h e r e i n  



t h e   a r t i c l e   d e l i v e r s   a t   l e a s t   a b o u t   0 .6   mg  of  w e t  

t o t a l   p a r t i c u l a t e   m a t t e r   in  t h e   f i r s t   t h r e e   p u f f s  

u n d e r   FTC  s m o k i n g   c o n d i t i o n s .  

23 .   The  a r t i c l e   of  c l a i m   22,   w h e r e i n   t h e   a r t i c l e  

d e l i v e r s   a t   l e a s t   a b o u t   1 .5   mg  of  wet   t o t a l  

p a r t i c u l a t e   m a t t e r   in  t h e   f i r s t   3  p u f f s   u n d e r   FTC 

s m o k i n g   c o n d i t i o n s .  

24.  The  a r t i c l e   of  c l a i m   1,  2,  3  or  4,  w h e r e i n  

t h e   a r t i c l e   d e l i v e r s   an  a v e r a g e   of  at  l e a s t   a b o u t   0 . 8  

mg  pe r   p u f f   of  wet  t o t a l   p a r t i c u l a t e   m a t t e r   u n d e r   FTC 

s m o k i n g   c o n d i t i o n s ,   f o r   at   l e a s t   6  p u f f s .  

25 .   The  a r t i c l e   of  c l a i m   1,  3  or  4,  w h e r e i n   t h e  

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

w i t h   f rom  a b o u t   35  mg  to   85  mg  of  a e r o s o l   f o r m e r .  

2 6 . . , T h e   a r t i c l e   of  c l a i m   1,  3  or  4,  w h e r e i n   a t  

l e a s t   a b o u t   15  w e i g h t   p e r c e n t   of  t h e   a e r o s o l   f o r m e r   i s  

d e l i v e r e d   as  wet  t o t a l   p a r t i c u l a t e   m a t t e r   u n d e r   FTC 

s m o k i n g   c o n d i t i o n s .  

27.   The  a r t i c l e   of  c l a i m   1,  3  or  4,  f u r t h e r  

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

mouth   end  of  t he   f u e l   e l e m e n t   and  t he   mouth  end  of  t h e  

a r t i c l e .  

28.   The  a r t i c l e   of  c l a i m   1,  3  or  4,  w h e r e i n   t h e  

f u e l   e l e m e n t   p r o d u c e s   s u b s t a n t i a l l y   no  v i s i b l e  

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

29.   The  a r t i c l e   of  c l a i m   3,  4,  5  or  8,  w h e r e i n  

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

m a t e r i a l .  



30.   The  a r t i c l e   of  c l a i m   29 ,   w h e r e i n   t h e   l e n g t h  

of  t h e   f u e l   e l e m e n t   is   l e s s   t h a n   20  mm. 

31 .   The  a r t i c l e   of  c l a i m   29 ,   w h e r e i n   t h e   l e n g t h  

of  t h e   f u e l   e l e m e n t   is   l e s s   t h a n   15  mm. 

32.   An  e l o n g a t e d   s m o k i n g   a r t i c l e   c o m p r i s i n g :  

(a)  a  f u e l   e l e m e n t   l e s s   t h a n   30  mm  in  l e n g t h ;  

(b)  a  p h y s i c a l l y   s e p a r a t e   a e r o s o l   g e n e r a t i n g   m e a n s  

i n c l u d i n g   a  c a r r i e r   b e a r i n g   an  a e r o s o l   f o r m i n g  

m a t e r i a l  ;  

(c)  means   f o r   c o n d u c t i n g   h e a t   f rom  t h e   f u e l  

e l e m e n t   to   t h e   a e r o s o l   g e n e r a t i n g   m e a n s ;   a n d  

(d)  an  i n s u l a t i n g   member   w h i c h   s u r r o u n d s   a t   l e a s t  

a  p o r t i o n   of  t h e   f u e l   e l e m e n t .  

33.   The  s m o k i n g   a r t i c l e   of  c l a i m   32,   w h e r e i n   t h e  

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

member  w h i c h   c o n t a c t s   b o t h   t h e   f u e l   e l e m e n t   and  t h e  

a e r o s o l   g e n e r a t i n g   m e a n s .  

34.  The  a r t i c l e   of  c l a i m   33 ,   w h e r e i n   t h e   h e a t  

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

f o r m i n g   m a t e r i a l .  

35.   The  a r t i c l e   of  c l a i m   33,   w h e r e i n   t h e  

i n s u l a t i n g   member  is  r e s i l i e n t   and  i s   a t   l e a s t   0 .5   mm 

t h i c k .  

36.  The  a r t i c l e   of  c l a i m   32,   w h e r e i n   t h e   f u e l  

e l m e n t   c o m p r i s e s   a  c a r b o n - c o n t a i n i n g   m a t e r i a l .  

37.   The  a r t i c l e   of  c l a i m   36,   w h e r e i n   t h e   f u e l  

e l e m e n t   is   l e s s   t h a n   15  mm  in  l e n g t h .  



38.   The  a r t i c l e   of  c l a i m   32 ,   33 ,   34  or  3 5 ,  

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

39.   The  a r t i c l e   of  c l a i m   33 ,   w h e r e i n   t h e   f u e l  

e l e m e n t   i s   l e s s   t h a n   15  mm  in  l e n g t h .  

40 .   The  a r t i c l e   of  c l a i m   33 ,   w h e r e i n   t h e   a r t i c l e  

d e l i v e r s   an  a v e r a g e   of  a t   l e a s t   0 .8   mg  p e r   p u f f   of  w e t  

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

f o r   a t   l e a s t   s i x   p u f f s .  

41 .   The  a r t i c l e   of  c l a i m   32  or  38,   w h i c h   p r o d u c e s  

wet   t o t a l   p a r t i c u l a t e   m a t t e r   h a v i n g   no  m u t a g e n i c  

a c t i v i t y ,   as  m e a s u r e d   by  t h e   Ames  t e s t .  
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