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@  Improvements  relating  to  filters. 

@  The  present  specification  discloses  a  filter  for  use  in  a  ci- 
garette,  and  an  apparatus  and  process  for  use  in  the  manufac- 
ture  of  such  filters.  Particularly  the  present  invention  relates  to 
a  filter  made  from  a  number  of  thermoplastic  polymer  fibres 
folded  transversely  to  the  longitudinal  axis  of  the  filter  at  ran- 
dom  orientations  about  the  axis,  the  fibres  being  compressed 
and  heat  set  in  this  position.  However,  such  filters  can  easily  be 
damaged  during  handling  causing  some  of  the  fibres  to  sepa- 
rate.  This  is  clearly  undesirable. 

Q|  The  present  invention  provides  an  axial  reinforcement  (3, 
^<  17)  in  the  outer  surface  region  of  the  filter  (1).  The  reinforce- 

ment  (3,  17)  stengthens  the  filter  (1)  and  enables  it  to  be  han- 
_   died  without  serious  damage.  The  axial  reinforcement  can  take 

the  form  of  generally  axially  extending  welds  (3)  adjacent  fibres 
W  on  the  surface  of  the  filter  being  welded  together  in  strip  re- 
(O  gions,  or  alternatively  the  whole  filter  surface  (17)  can  be  effec- 

tively  welded  to  encapsulate  the  filter.  The  desired  form  of  axial 
^   reinforcement  can  be  produced  by  passing  the  filter  through 
^   an  annular  heating  means  (9,  5,  7)  having  radially  inwardly  di- 
Q   rected  fins  (7,  13),  to  produce  the  axial  welds,  or  alternatively 

through  a  heated  ceramic  ring  (19)  to  produce  the  total  encap- 
O   sulation. 
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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  f i l t e r  f o r  

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

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

In   p a r t i c u l a r   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

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

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

c o p e n d i n g   B r i t i s h   P a t e n t   A p p l i c a t i o n   No.  4 6 0 9 6 / 7 8 .  

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

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

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

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

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

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

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

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

t h e m s e l v e s   to   m a i n t a i n   t h e i r   f o r m   and  a  r e l a t i v e l y  

s m a l l   a x i a l   or   t r a n s v e r s e   f o r c e   c an   a t   l e a s t   s l i g h t l y  

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

and  f l e x i b l e   r e g i o n   w h i c h   c a n n o t   be  r e c o n s t i t u t e d .  

S u c h   s l a c k e n e d   and  f l e x i b l e   r e g i o n s   a r e   c l e a r l y  

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

p l u g s   and  t h u s   a r e   w a s t e .  

A f t e r   c u t t i n g   of  t h e   tow  t h e   i n d i v i d u a l  

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

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

i n t e g r a l   i n   t h e m s e l v e s   to   be  m e r e l y   w r a p p e d   i n   t h e  

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

known   p a p e r   f i l t e r s ,   a  f i r s t   s t r e n g t h e n i n g   w r a p p i n g  

h a s   to   be  p r o v i d e d   on  t h e   f i l t e r   b e f o r e   t h e   o u t e r  

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

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

be  a p p l i e d   d u r i n g   s m o k i n g .  

C l e a r l y   p r o v i s i o n   can   be  made  f o r   t h e   tow  to   b e  



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

w r a p p i n g   can   be  p r o v i d e d   on  e a c h   f i l t e r   p l u g .   H o w e v e r  

t h e s e   p r o v i s i o n s   i n c r e a s e   c o s t s   and   t h e   p r o v i s i o n   o f  

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

c r o s s - s e c t i o n   of  a  f i l t e r   p l u g   f o r  a   g i v e n   c i g a r e t t e .  

An  aim  of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

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

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

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

w r a p p i n g   i n   a  c o m p l e t e d   c i g a r e t t e .  
A  f u r t h e r   aim  of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

of   t h e   p r e s e n t   i n v e n t i o n .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

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

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

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

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

t h e   p l u g .  

The  a x i a l   r e i n f o r c e m e n t   may  be  i n   t h e   f o r m  

of   a t   l e a s t   one  s t r i p   r e g i o n   of  t h e   o u t e r   s u r f a c e   o f  

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

e . g . .  a x i a l l y   o r   s p i r a l l y ,   and  i s   f o r m e d   by  t h e   m a j o r i t y  

of   t h e   f i b r e s   i n   t h e   s t r i p   r e g i o n   b e i n g   w e l d e d  

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

e x t e n d i n g   w e l d e d   s t r i p   r e g i o n s   a r e   p r o v i d e d   on  a  p l u g  

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

As  an  a l t e r n a t i v e   to   t h e   w e l d e d  s t r i p  

r e g i o n s   one  or   more   e l o n g a t e d   s t r i p s   of   p l a s t i c   m a y  

be  w e l d e d   to   t h e   c y l i n d r i c a l   p l u g ,   g e n e r a l l y   a x i a l l y  

t h e r e o f   i . e .   a x i a l l y   or   s p i r a l l y   of  t h e   p l u g .  

The  a x i a l   r e i n f o r c e m e n t   may  a l t e r n a t i v e l y  

be  i n   t h e   f o r m   of   an  o u t e r   s k i n   on  t h e   c y l i n d r i c a l  

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

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



f o r m i n g   t h e   c y l i n d r i c a l   s u r f a c e   of  t h e   p l u g ,   t o g e t h e r .  
Thus   t h e . s a i d   o u t e r   s k i n   i s   i n t e g r a l l y   f o r m e d   w i t h  

t h e   p l u g .  

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

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

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

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

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

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

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

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

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

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

t h r o u g h   w h i c h   t h e   f i l t e r   can   be  p a s s e d   to   f o r m  

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

f i l t e r .  

I n   one  e m b o d i m e n t   of  t h i s   f u r t h e r   f e a t u r e  

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

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

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

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

tow  c a n   be  p a s s e d .   The  a n n u l a r   m e m b e r   and  f i n s   m a y  
be  h e a t e d   by   c o n d u c t i o n   f r o m   a  s u r r o u n d i n g   h e a t i n g  

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

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

P r e f e r a b l y   t h e   tow  of  f i l t e r   m a t e r i a l   c o n t a c t s   t h e  

t i p s   of  t h e   f i n s   so  t h a t   t h e   f i b r e   of  t h e   f i l t e r   t o w  

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

a n d   s m e a r e d   a x i a l l y   of  t h e   tow  to   p r o v i d e   a x i a l l y   e x t e n d -  

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

a p a r t   l o c a t i o n s .   A l t e r n a t i v e l y   t h e   tow  may  be  s u p p o r t e d  

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

by   t h e   h e a t   r a d i a t e d   f r o m   t h e   t i p s   of   t h e   f i n s .   No 

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

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



t o   j o i n   t h e   f i b r e s .  

As  an  a l t e r n a t i v e   to   h e a t e d   f i n s ,   a c t u a l  

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

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

h e a t ,   or   to   j u s t   r a d i a t e   h e a t   t h e r e o n ,   to   f o r m   t h e  

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

I n   a  f u r t h e r   e m b o d i m e n t   of   t h e   s a i d   f u r t h e r  

f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   w h e r e i n   t o t a l  

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

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

e l e c t r i c a l l y   h e a t e d   c e r a m i c   r i n g ,   t h e   tow  of  f i l t e r  

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

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

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

t h e   r e q u i r e d   d i a m e t e r   f o r   t h e   f i n i s h e d   f i l t e r ,   t h e  

tow  b e i n g   f o r c e d   t h e r e t h r o u g h   by   two  f o r m e d   r o l l e r s  

o r   any   o t h e r   s u i t a b l e   d r i v e   m e a n s .   As  an  a l t e r n a t i v e  

to   t h e   c e r a m i c   r i n g   a  s i n g l e   c o i l   of   e l e c t r i c a l   h e a t i n g  

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

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

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

c o i l   a n d / o r   s p i r a l   h e a t e r   so  t h a t   t h e   c o m p r e s s e d  

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

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

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

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

An  i m p o r t a n t   c r i t e r i o n   i n   a l l   of   t h e   a b o v e  

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

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

p o l y m e r   r e s u l t s .  

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

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

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

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

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

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



t h e   l e n g t h   of  t h e   f i l t e r   to   f o r m   w e l d s   b e t w e e n   a d j a c e n t  

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

f i l t e r .  

The  p r o c e s s   may  a p p l y   h e a t   to   a l l   p a r t s  
of   t h e   c y l i n d r i c a l   s u r f a c e   or   o n l y   a t   l o c a l i s e d  

g e n e r a l l y   a x i a l l y   e x t e n d i n g   s t r i p s   i . e .   a x i a l l y   o r  

s p i r a l l y   e x t e n d i n g   s t r i p s .  
The  p r e s e n t   i n v e n t i o n   w i l l   now  be  f u r t h e r  

d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   i n   w h i c h : -  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of   a  p r e f e r r e d  

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

p r e s e n t   i n v e n t i o n .  

F i g .   2  i s   an  end  v i e w   of  a n o t h e r   e m b o d i m e n t  

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

i n v e n t i o n ,  

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

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

p r e s e n t   i n v e n t i o n ,  

F i g s .   4  and  5  a r e   s c h e m a t i c   r e p r e s e n t a t i o n s  

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

i n v e n t i o n   to   p r o d u c e   t h e   f i l t e r   of   F i g .   1;  a n d  

F i g s .   6  to   8  s c h e m a t i c a l l y   i l l u s t r a t e   v a r i o u s  

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

p r o d u c i n g   t h e   f i l t e r   of   F i g .   3 .  

The  f i l t e r d   1,  2  and  4  shown  r e s p e c t i v e l y   i n  

F i g s .  1 ,   2  and  4,  a r e   b a s i c a l l y   f o r m e d   as  d e s c r i b e d   i n  

o u r   c o p e n d i n g   B r i t i s h   P a t e n t   A p p l i c a t i o n   No.  4 6 0 9 6 / 7 8 ,  

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

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

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

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

In   t h e   e m b o d i m e n t   of   F i g ,   1,  t h e   c y l i n d r i c a l  

f i l t e r   p l u g   1  h a s   a  n u m b e r   o f   a x i a l l y   e x t e n d i n g   g r o o v e s  

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

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



a x i a l   r e i n f o r c e m e n t   of  t h e   f i l t e r ,   t h e   f i b r e s   h a v i n g  
b e e n   w e l d e d   t o g e t h e r   by  t h e   a p p a r a t u s   of   F i g .   4  o r  

F i g .   5.  T h e s e   g r o o v e s   3  w h i c h   a r e   f o r m e d   by   t h e   f i b r e s  

m e l t i n g   and  f l o w i n g ,   may  be  f i l l e d   i n   i n   t h e - c o m p l e t e d  
f i l t e r   o r   l e f t   as  g r o o v e s ,   as  d e s i r e d .   I f   l e f t   o p e n ,  

g r o o v e s   3  may  a l l o w   a  d i r e c t   d r a u g h t   to   be  d r a w n   f r o m  

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

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

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

To  f o r m   t h e   f i l t e r   of   F i g .   1,  t h e   f i l t e r  

tow  c o n s t r u c t e d   as  d e s c r i b e d   i n   o u r   c o p e n d i n g   B r i t i s h  

P a t e n t   A p p l i c a t i o n   No.  4 6 0 9 6 / 7 8 ,   i s   p a s s e d   t h r o u g h  

t h e   h e a t i n g   m e a n s   of  F i g .   4  s a i d   h e a t i n g   m e a n s   c o m p r i s i n g  

an  a n n u l a r   r i n g   5 - f r o m   w h i c h - f i n s  7   p r o j e c t   r a d i a l l y  

i n w a r d l y ,   and  an  e l e c t r i c a l l y   h e a t e d   h e a t i n g   b a n d   9  

w h i c h   e n c o m p a s s e s   r i n g   5.  F i n s   7  a r e   t a p e r e d   t o  

p o i n t e d   t i p s   13  so  t h a t   h e a t   c o n d u c t e d   to   t h e   f i n s  7   i s  

a p p l i e d   to   t h e   tow  as  i t   p a s s e s   t h r o u g h   c e n t r a l   s p a c e   11  

b e t w e e n   t h e   t i p s   13  of   f i n s   7.  T h e  t i p s   13  of   f i n s   7  

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

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

. H o w e v e r ,   a l t e r n a t i v e l y   t h e   t i p s   13  n e e d   n o t   c o n t a c t  

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

No  a d v a n t a g e o u s   s m e a r i n g   h o w e v e r   o c c u r s   i n   t h i s  

l a t t e r   a r r a n g e m e n t .  

W h i l s t   F i g .   1  i l l u s t r a t e s   s p e c i f i c a l l y  

a x i a l   g r o o v e s   3  i . e .   w e l d s ,   t h e   g r o o v e s   3  c a n   b e  

s p i r a l l y   f o r m e d   on  t h e   f i l t e r   tow  by  u s i n g   an  a n n u l a r  

r i n g   5  w h i c h   h a s   t i p s   ( n o t   i l l u s t r a t e d )   w h i c h   p r o v i d e  

a  p o i n t   c o n t a c t   w i t h   t h e   t o w ,   t h e   r i n g   5  b e i n g   r o t a t e d  

as  t h e   tow  i s   p a s s e d   t h e r e t h r u u g h .   As  w i l l   b e  

a p p r e c i a t e d   any   n u m b e r   of  g r o o v e s   can   be  f o r m e d .   I n  

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

p r o v i d e d   one  w e l d   i s   s u f f i c i e n t   a x i a l   r e i n f o r c e m e n t .  



I n s t e a d   of   h a v i n g   h e a t e d   f i n s   7,  e l e c t r i c a l  

h e a t i n g   w i r e s   15  ( s e e   F i g .   5)  can   be  s u b s t i t u t e d  

and  a g a i n   t h e s e   c a n   c o n t a c t   t h e   f i b r e   tow  to   a p p l y  
d i r e c t   h e a t   or   be  s p a c e d   f r o m   t h e  t o w ,   r a d i a t i o n  

h e a t   t h e n   b u i n g   r e l i e d   u p o n   to   p r o d u c e   t h e   r e q u i r e d  

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

t h e   f i l t e r .   The  w i r e s   15  p r o j e c t   i n w a r d l y   f r o m   a n n u l a r  

s u p p o r t   m e m b e r   5 a .  

The  c y l i n d r i c a l   f i l t e r   p l u g   2  shown  i n   F i g .   2  

i s   b a s i c a l l y   t h e   same  as  t h e   f i l t e r   p l u g   of  F i g .   1 

t h e   s o l e   d i f f e r e n c e   b e i n g   t h a t   p l a s t i c   s t r i p s   3a  a r e  

w e l d e d   to   t h e   o u t e r   s u r f a c e   of  t h e   p l u g   2  to   f o r m   t h e  

r e q u i r e d   a x i a l   r e i n f o r c e m e n t .  

The  c y l i n d r i c a l   f i l t e r   p l u g   4  shown  i n   F i g .   3  

i s   b a s i c a l l y   t h e   same  as  t h e   f i l t e r   p l u g s   of   F i g s .   1  

and  2,  t h e   s o l e   d i f f e r e n c e   b e i n g   t h a t   t h e   f i l t e r   i s  

e n c a p s u l a t e d   i n   an  o u t e r   c y l i n d r i c a l   s k i n   17  w h i c h  

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

g r o o v e s   3  and  s t r i p s   3a .   T h i s   o u t e r   s k i n   17  i s   f o r m e d  

by  a p p l y i n g   h e a t   to   t h e   s u r f a c e   of   t h e   p l u g   so  t h a t  

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

b e c o m e   w e l d e d   t o g e t h e r .  

The  a p p a r a t u s   of   F i g .   6  c o m p r i s e s   a  h e a t e d  

c e r a m i c   r i n g   19  w h i c h   c o n t a c t s   t h e   s u r f a c e   of  t h e  

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

o u t e r   s u r f a c e   of   t h e   tow  to   a l l o w   t h e   f i b r e s   to   w e l d  

t o g e t h e r   to   f o rm  o u t e r   s k i n   17..  A d v a n t a g e o u s l y   t h e  

c e r a m i c   r i n g   can   be  d i m e n s i o n e d   to   t h e   r e q u i r e d  

f i l t e r   c r o s s - s e c t i o n ,   f o r m e d   d r i v e - r o l l e r s   21  b e i n g  

r e q u i r e d   to  d r i v e   t h e   tow  t h r o u g h   t h e   r i n g   19 .   To  

e n h a n c e   t h e   o p e r a t i o n   t h e   r i n g   19  i s   a r r a n g e d   w i t h  

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

m o v e m e n t   of  t h e   f i l t e r   tow  e n h a n c i n g   t h e   l i m i t e d  

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

p r o d u c e   a  u n i f o r m   o u t e r   s k i n   17 .   A l t e r n a t i v e l y   t h e  



r i n g   19  may  be  a r r a n g e d   as  d e s i r e d   to   a l l o w   t h e   f i l t e r  

tow  t o   move  i n   t h e   d e s i r e d   d i r e c t i o n .  

E q u i v a l e n t   f o r m s   of  a p p a r a t u s   a r e   s h o w n  

s c h e m a t i c a l l y   i n   F i g s .   7  and  8.  The  a p p a r a t u s   o f  

F i g .   6  c o m p r i s e s   a  s p i r a l   h e a t i n g   c o i l   23  and  t h e  

a p p a r a t u s   of  F i g .   7  i s   a  s i n g l e   a n n u l a r   h e a t i n g   c o i l  

2 5 .  

The  m a i n   c r i t e r i o n   i n   a l l   of   t h e   a b o v e  

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

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

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

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

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

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

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

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

of   t h e   u s u a l   o u t e r   w r a p p i n g .   A l s o ,   s u i t a b l e   a p p a r a t u s  

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

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



1.   A  f i l t e r   f o r   u s e  i n   a  c i g a r e t t e ,   c o m p r i s i n g  

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

h e a t   s e t   i n t o   a  c y l i n d r i c a l   f i l t e r   p l u g   (1 ,   2,  4)  a n d  

c h a r a c t e r i s e d   by  an  a x i a l   r e i n f o r c e m e n t   (3 ,   3a ,   1 7 )  

p r o v i d e d   i n   t h e   o u t e r   s u r f a c e   of  t h e   p l u g   (1 ,   2,  4 ) .  

2 . .   A  f i l t e r   as  c l a i m e d   i n   c l a i m   1,  c h a r a c t e r i s e d  

i n   t h a t   t h e   a x i a l   r e i n f o r c e m e n t   (3 ,   3a ,   17)   i s   i n   t h e  

f o r m   of  a t   l e a s t   one  s t r i p   r e g i o n   (3)   of  t h e   o u t e r  

s u r f a c e   of   t h e   p l u g   (1)   w h i c h   e x t e n d s   g e n e r a l l y   a x i a l l y  

of  t h e   p l u g   (1)   and  i s   f o r m e d   by   t h e   m a j o r i t y   of   t h e  

f i b r e s   i n   t h e   s t r i p   r e g i o n   (3)   b e i n g   w e l d e d   t o g e t h e r .  

3 .   A  f i l t e r   as  c l a i m e d   i n   c l a i m  1 ,   c h a r a c t e r i s e d  

i n   t h a t   t h e   a x i a l   r e i n f o r c e m e n t .  ( 3 ,   3a ,   17)   i s   p r o d u c e d  

by  one  o r   more   e l o n g a t e d   s t r i p s   ( 3 a )   of   p l a s t i c   b e i n g  

w e l d e d   t o   t h e   c y l i n d r i c a l   p l u g   ( 2 ) ,   g e n e r a l l y   a x i a l l y  

t h e r e o f .  

4.   A  f i l t e r   as  c l a i m e d   i n   c l a i m   1,  c h a r a c t e r i s e d  

i n   t h a t   t h e   a x i a l   r e i n f o r c e m e n t   (3 ,   3a ,   17)   i s   i n   t h e  

f o r m   of  an  o u t e r   p l a s t i c s   s k i n   ( 1 7 )   on  t h e   c y l i n d r i c a l  

p l u g   ( 4 ) .  

5.  A  f i l t e r   as  c l a i m e d   i n   c l a i m   4,  c h a r a c t e r i s e d  

i n   t h a t   t h e   o u t e r   s k i n   (17 )   i s   f o r m e d   by  w e l d i n g   t h e  

f i b r e s   f o r m i n g   t h e   c y l i n d r i c a l   s u r f a c e   of   t h e   p l u g   ( 4 ) ,  

t o g e t h e r .  

6.  A p p a r a t u s   f o r   s t r e n g t h e n i n g   a  f i l t e r   f o r   u s e  

i n  a   c i g a r e t t e ,   w h i c h   f i l t e r   ( 1 ,   2,  4)  c o m p r i s e s   a  

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

h e a t   s e t  i n t o   a  c y l i n d r i c a l   f i l t e r   p l u g   ( l ,   2,  4 ) ,   s a i d  

a p p a r a t u s   b e i n g   c h a r a c t e r i s e d   by  h e a t i n g   m e a n s   (7 ,   5 ,  

9 ;  1 5 ;  1 9 ;   23;   25)   t h r o u g h   w h i c h   t h e   f i l t e r   p l u g   (1 ,   2 ,  

4)  can   be  p a s s e d   to   f o rm  w e l d s   w h i c h   c o n s t i t u t e   a n  

a x i a l   r e i n f o r c e m e n t   (3 ,   3a ,   17)   of  t h e   f i l t e r .  

7.  A p p a r a t u s   as  c l a i m e d   i n   c l a i m   6,  c h a r a c t e r i s e d  

i n  t h a t   t h e   h e a t i n g   m e a n s   ( 7 ,  5 ,   9)  c o m p r i s e s   an  a n n u l a r  

m e m b e r   (5)   f r o m   w h i c h   r a d i a l l y   i n w a r d l y   d i r e c t e d   f i n s  



( 7 )  p r o j e c t ,   l e a v i n g   a  c e n t r a l   s p a c e   ( 1 1 )   t h r o u g h   w h i c h  

t h e   f i l t e r   (4 )   can   be  p a s s e d .  

8.  A p p a r a t u s   as  c l a i m e d   i n   c l a i m   7,  c h a r a c r e r -  

i s e d   i n   t h a t   t h e   f i n s   (7)   a r e   t a p e r e d   to   a  p o i n t   ( 1 3 ) .  

9.  A p p a r a t u s   as  c l a i m e d   i n   c l a i m  7   or   8 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   a n n u l a r   member   (5)   and  f i n s  

( 7 )  a r e   h e a t e d   by  c o n d u c t i o n   f r o m   a  s u r r o u n d i n g   h e a t i n g  

b a n d   (9)   w h i c h   i s   e l e c t r i c a l l y   h e a t e d .  

10 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   7  o r   8 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   a n n u l a r   m e m b e r   (5 )   i n c o r p o r a t e s  

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

11 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   7,  8  o r   1 0 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   f i n s   (7)   i n c o r p o r a t e   h e a t i n g  

e l e m e n t s .  

1 2 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   6,  c h a r a c t e -  

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

m e m b e r   ( 5 a )   f r o m   w h i c h   r a d i a l l y   i n w a r d l y   d i r e c t e d  

e l e c t r i c   h e a t i n g   w i r e s   ( 1 5 )   p r o j e c t .  

13 .   A p p a r a t u s   as  c l a i m e d   i n   any   one  of  c l a i m s  

7  t o   1 1 ,   c h a r a c t e r i s e d   i n   t h a t   t h e   f i n s   (7)   a r e   d e s i g n e d  

to   j u s t  t o u c h   t h e . f i l t e r   s u r f a c e .  

14 .   A p p a r a t u s   as  c l a i m e d   i n   a n y  o n e   of  c l a i m s   7  

to   11 ,   c h a r a c t e r i s e d  i n   t h a t   t h e   f i n s   (7)   a r e   d e s i g n e d  

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

s u r f a c e .  

1 5 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   12 ,   c h a r a c -  

t e r i s e d   i n   t h a t   t h e   h e a t i n g   w i r e s   ( 1 5 )   a r e   d e s i g n e d   t o  

t o u c h   t h e   f i l t e r   s u r f a c e .  

16 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m  1 2 ,   c h a r a c -  

t e r i s e d   i n  t h a t   t h e   h e a t i n g   w i r e s   (15 )   a r e   d e s i g n e d   n o t  

to   t o u c h   t h e   f i l t e r   s u r f a c e .  

17 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   6,  c h a r a c t e -  

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

e l e c t r i c a l l y - h e a t e d   c e r a m i c   r i n g   ( 1 9 ) .  

18 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   1 7   c h a r a c t -  



e r i s e d   i n   t h a t   t h e   c e r a m i c   r i n g   ( 1 9 )   h a s   an  i n t e r n a l  

d i a m e t e r   e q u i v a l e n t   to  t h a t   of  t h e   d e s i r e d   f i l t e r   ( 1 )  

d i a m e t e r ,   two  f o m r e d   r o l l e r s   ( 2 1 )  b e i n g   p r o v i d e d   to   f e e d  

t h e   f i l t e r   t h r o u g h   t h e   r i n g   ( 1 9 ) .  

1 9 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   6,  c h a r a c t -  

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

( 2 7 )   f o r m s   t h e   h e a t i n g   m e a n s .  

20 .   A p p a r a t u s   as  c l a i m e d   i n   c l a i m   6,  c h a r a c t -  

e r i s e d   i n   t h a t   a  s p i r a l   h e a t e r   ( 2 3 )   f o r m s   s a i d   h e a t i n g  

m e a n s .  

21 .   A  p r o c e s s   f o r   s t r e n g t h e n i n g   a  f i l t e r   f o r   a  

c i g a r e t t e ,   w h i c h   f i l t e r   ( 1 ,  2 ,   4)  c o m p r i s e s   a  n u m b e r  

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

s e t   i n t o   a  c y l i n d r i c a l   f i l t e r  p l u g ,   (1 ,   2,  4)  s a i d  

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

h e a t   a l o n g   t h e   l e n g t h   of  t h e   f i l t e r   (1 ,   2,  4)  t o   f o r m  

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

a x i a l   r e i n f o r c e m e n t   (3 ,   3a ,   17)   of   t h e   f i l t e r .  

22 .   A  p r o c e s . s   as  c l a i m e d   i n   c l a i m   21,   c h a r a c -  

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

g e n e r a l l y   a x i a l l y   e x t e n d i n g   s t r i p   r e g i o n s   (3)   of   t h e  

f i l t e r   s u r f a c e .  

23 .   A  p r o c e s s   as  c l a i m e d   i n   c l a i m   21,   c h a r a c -  

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

s u r f a c e   to   f o r m   an  e n c a p s u l a t e d   o u t e r   s k i n   ( 1 7 ) .  
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