
Europaisches  Patentamt 

European  Patent  Office  ©  Publication  number:  0   1 5 5   0 2 4  
A 1  

Office  europeen  des  brevets  ^   1 

©  EUROPEAN  PATENT  A P P L I C A T I O N  

®  Application  number:  85200167.6  ©  Int.  CI.4:  B  01  F  5/06,  B  01  F  3 / 0 4  

@  Date  of  filing:  11.02.85 

©  Priority:  22.02.84  NL  8400557  ©  Applicant:  Leroy,  Erich  Ludwig,  Bereklauw  83, 
NL-5432APCuijk(NL) 

@  Dateof  publication  of  application:  18.09.85  @  Inventor:  Leroy,  Erich  Ludwig,  Bereklauw  83,  NL-5432AP 
Bulletin  85/38  Cui]k(NL) 

@  Representative:  den  Boer,  Jan  Johannes,  Ir.  et  al, 
@  Designated  Contracting  States  :  AT  BE  CH  DE  FR  GB  IT  Octrooibureau  Polak  &  Charlouis  Laan  Copes  van 

LI  LU  NL  SE  Cattenburch  80,  NL-2585  GD  The  Hague  (NL) 

@  Process  and  apparatus  for  producing  a  foam,  having  micro  foamvesicles  for  dust  control. 

  Process  and  apparatus  for  providing  a  foam  solution  having 
microvesicles  which  strongly  adhere  to  dust  producing  materials 
such  as  coal  or  sand,  for  dust  control  in  open  air  storage  or 
transport  of  said  materials. 

The  apparatus  has  fibre  filters  and  means  for  imparting 
swirling  movement  to  the  solution  when  passed  through  the  filters 
(9, 17)  and  means  (12, 18, 13). 



The  i n v e n t i o n   r e l a t e s   to  a  p rocess   for  s t r o n g l y   r educ ing   the  v e s i c l e  

s ize  of  an  aqueous  a e r o s o l   s o l u t i o n   c o n t a i n i n g   one  or  more  s u r f a c t a n t  

chemical   agen t s .   The  foam as  o b t a i n e d   t h e r e w i t h   may  be  used  for  t h e  

c o n t r o l   of  e n v i r o n m e n t a l   dust   c o n t a m i n a t i o n ,   s ince  t h i s   foam  a d h e r e s  

to  the  e x t e r i o r   of  m a t e r i a l s   t end ing   to  produce  dus t ,   such  as  c o a l ,  

coalpowder ,   sand,  rock,   d r i l l i n g   waste  e tc .   For  example  when  s t o r i n g  

such  m a t e r i a l s   in  heaps  near  e l e c t r i c   power  p l a n t s   or  b l a s t   f u r n a c e s ,  

or  when  c o n v e y i n g  t h e   m a t e r i a l   of  the  s t o r age   heaps  to  the  p l ace   o f  

use  by  means  of  uncovered  conveyor  b e l t s .  

Up  t i l l   now  of ten   water   was  used  for  sa id   dust   c o n t r o l ,   t h e  

water  being  sprayed  onto  the  m a t e r i a l .   This  r e q u i r e s   much  water   a n d  

sp ray ing   c o n t i n u o u s l y   or  with  shor t   i n t e r v a l s ,   s ince   the  water   v a p o r i z e s .  

The  water   may  a lso   f r e e z e ,   whereby  the  m a t e r i a l   c o n t a i n s   more  w a t e r  

than  is  d e s i r a b l e   when  using  the  m a t e r i a l .  

The  i n v e n t i o n   aims  at  o b t a i n i n g   such  f ine   p u l v e r i s a t i o n   o f  

the  chemical   agent   or  agents   in  the  a e r o s o l   s o l u t i o n ,   t h a t   sa id   a n t i - d u s t  

agents   are  very  un i fo rmly   d iv ided   over  the  m a t e r i a l   to  be  t r e a t e d   and  

s t r o n g l y   adhere  t h e r e t o .  

Thereby  only  u n f r e q u e n t l y   i m p a r t i n g   the  foam  is  r e q u i r e d ,  

which  r e s u l t s   in  a  saving  of  m a t e r i a l   and  a p p a r a t u s .  

The  f ine   or  micro  p u l v e r i s a t i o n   is  o b t a i n e d   with  the  p r o c e s s  

acco rd ing   to  the  i n v e n t i o n   in  t h a t   the  a e r o s o l   s o l u t i o n   is  c a r r i e d   t h r o u g h  

a  p l u r a l i t y   of  s u c c e s s i v e l y   p o s i t i o n e d   f i b r e s   f i l t e r s   and  is  given  a  

s w i r l i n g   motion  between  each  two  f i l t e r s .  

The  i n v e n t i o n   a lso  comprises   an  appa ra tu s   for  c a r r y i n g   o u t  

the  p r o c e s s ,   sa id   a p p a r a t u s   being  c h a r a c t e r i z e d   in  t h a t   i t   comprises   a  

t u b u l a r   hous ing  having  an  i n l e t   opening  and  an  o u t l e t   opening,   w h i c h  

are  c o a x i a l l y   p l aced ,   each  f i b r e s   f i l t e r   being  c o n s t i t u t e d   by  a  d i s c  

shaped  g r id ,   which  is  secured   at  i t s   c i r c u m f e r e n c e   to  the  tube  w a l l ,  

the  g r id   a p e r t u r e s   of  which  being  f i l l e d   with  f i b r e   m a t e r i a l .  

In  order   to  permi t   the  permanent   r e t e n t i o n   of  the  f i b r e s  

evenly  d iv ided   along  the  f i l t e r   s u r f a c e ,   p r e f e r a b l y   the  g r id   h a s  



honeycomb  shaped  c e l l s .  

In  view  of  d i v i d i n g   the  s u p p l i e d   a e r o s o l   s o l u t i o n   as  e v e n l y  

along  the  f i l t e r   s u r f a c e   as  p o s s i b l e ,   in  an  embodiment  acco rd ing   t o  

the  i n v e n t i o n   a  r o t a r y   d r i v a b l e   s h a f t   is  p rov ided   in  the  tube  a x i s  

which  is  r o t a t a b l e   r e l a t i v e   to  the  tube  wa l l ,   a  b lade  wheel  or  t u r -  

bine  be ing   secured   to  the  s h a f t   between  each  two  f i l t e r s .  

In  an  o t h e r   embodiment  a c c o r d i n g   to  the  i n v e n t i o n   for  t h a t  

purpose   between  each  two  f i l t e r s   one  or  more  f ixed   h e l i c a l   b lades   a r e  

p r o v i d e d ,   each  having  a  c i r c u m f e r e n t i a l   e x t e n s i o n   of  at  l e a s t   900 

and  the  d i ame te r   of  which  i n c r e a s e s   from  p r a c t i c a l l y   zero  to  the  t u b e  

d i ame te r   when  going  from  the  f i r s t   to  the  second  f i l t e r   or  vice  v e r s a .  
In  both  cases  a  s w i r l i n g   movement  is  impar ted   to  the  l i q u i d  

by  a  f i l t e r ,   s a id   movement  s u b s t a n t i a l l y   being  in  the  c i r c u m f e r e n t i a l  

d i r e c t i o n   of  the  hous ing   and  t h e r e a f t e r   the  l i q u i d   is  d i r e c t e d   s u b -  

s t a n t i a l l y   p a r a l l e l   to  the  tube  ax i s ,   by  means  of  the  passage   t h r o u g h  

the  next   f i l t e r .   The  foam  is  d iv ided   in to   micro  v e s i c l e s   or  d r o p l e t s  

due  to  the  changes  in  d i r e c t i o n   occu r ing   t h e r e w i t h   and  in  c o m b i n a t i o n  

with  the  passage   th rough  the  f i l t e r .   The  foam  then  forms  a  very  even  

u n i n t e r r u p t e d   t h in   f i lm  on  the  m a t e r i a l   when  i t   is  sprayed  t h e r e o n .  

I f   the  tube  d i ame te r   is  s e v e r a l   t imes  the  d iamete r   of  the  i n l e t  

opening  for   the  a e r o s o l   s o l u t i o n   in  the  tube ,   which  u s u a l l y   is  t h e  

case  in  the  embodiment  having  b lade   wheels ,   i t   is  p r e f e r a b l e   to  d i -  

vide  the  l i q u i d   along  the  f u l l   c r o s s s e c t i o n   d i r e c t l y   a f t e r   i t   e n t e r s  

the  tube .   This  could  a lso   be  o b t a i n e d   by  p l a c i n g   a  b lade  wheel  a l s o  

b e f o r e   the  f i r s t   f i l t e r .   However,  p r e f e r a b l y   in  t h a t   case  a  d e f l e c t o r  

cone  is  p r o v i d e d   be fo re   the  f i r s t   f i l t e r ,   sa id   cone  widening  in  t h e  

tube  o u t l e t   d i r e c t i o n .  

The  i n v e n t i o n   w i l l   he reunde r   be  f u r t h e r   e x p l a i n e d   w i t h  

r e f e r e n c e   to  the  drawing  showing  s c h e m a t i c a l l y   two  embodiments  o f  

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

Fig.   1  shows  s c h e m a t i c a l l y   an  a p p a r a t u s   having  b lade   w h e e l s .  

Fig.   2  shows,  l i k e w i s e   s c h e m a t i c a l l y ,   the  embodiment  h a v i n g  
f ixed   h e l i c a l   b l a d e s .  

Fig.   3  shows  s c h e m a t i c a l l y   a  mixing  tube  for  mixing  t h e  

a e r o s o l   s o l u t i o n .  



Fig.  4  is  a  diagram  showing  the  o p e r a t i o n   of  the  a p p a r a t u s .  

The  embodiment  a cco rd ing   to  f ig .   1  comprises   an  e l o n g a t e d   tube  1  h a v i n g  

a  c i r c u l a r   c r o s s s e c t i o n   and  p rov ided   with  an  i n l e t   opening  2  and  an  

o u t l e t   opening  3.  Both  sa id   openings  may  be  p rov ided   with  a  s h o r t  

t u b u l a r   p o r t i o n   p rov ided   with  i n t e r i o r   screw  t h r e a d   whereby  the  a p p a -  

r a tu s   may  be  connected   to  c o n d u i t s .   A  s h a f t   4  is  mounted  in  the  t u b e  

axis  by  means  of  b a l l   b e a r i n g s   5,  6  mounted  in  s t a t i o n a r y   p a r t i t i o n s  

7,  8  p rov ided   in  the  tube.   Said  s h a f t   extends   with  a  c lose   f i t   t h r o u g h  

f i b r e s   f i l t e r s   9  which  are  p rov ided   r e g u l a r l y   spaced  in  the  tube.   S a i d  

f i b r e s   f i l t e r s   are  s t a t i o n a r i l y   mounted  in  the  embodiment  shown,  

r e l a t i v e   to  the  tube  wall   by  means  of  r i ngs   10,  which  a t  b o t h   s ides   o f  

each  f i l t e r   are  secured   through  tack  welding  to  the  tube  s h e l l .  

Each  f i b r e s   f i l t e r   9  comprises   a cco rd ing   to  f ig .   la  a  g r i d  

having  c e l l s ,   the  c e l l s   11  being  shown  he r e in   in  the  shape  of  h o n e y -  

comb  c e l l s .   Said  c e l l s   are  f i l l e d   with  a  f i b r e   m a t e r i a l ,   e .g .   n y l o n  

f i b r e s   or  any  o the r   s u i t a b l e   f i b r e s   m a t e r i a l .   I t   is  r e t a i n e d   in  p l a c e  

by  the  c e l l   wal ls   and  is  evenly  d iv ided   along  the  tube  c r o s s s e c t i o n .  

I t   appears   from  f i g u r e   1  t h a t   in  c e r t a i n   l o c a t i o n s ,   e .g .   in  the  m i d d l e  

and  at  the  end  of  the  tube ,   a  double  f i l t e r   may  be  p r o v i d e d .  

Between  each  two  f i l t e r s   a  b lade  wheel  12  is  c o a x i a l l y  

secured   to  the  s h a f t .   Each  b lade   wheel  may  e .g .   have  ten  b lades   h a v i n g  

a  p r e d e t e r m i n e d   p i t c h   ang le ,   e .g .   of  22°.  At  t h e   f r o n t   end  of  t h e  

sha f t   4  a d j a c e n t   to  the  i n l e t   opening  2  f u r t h e r m o r e   a  d e f l e c t o r   cone  

13  is  secured   to  the  s h a f t .   However,  t h i s   cone  could  a lso   be  p r o v i d e d  

s t a t i o n a r y   in  the  hous ing  and  not  connec ted   to  the  s h a f t .   However,  i f  

the  cone  is  secured   to  the  s h a f t ,   the  a e r o s o l   s o l u t i o n ,   as  s u p p l i e d   i s  

not  only  c o n s t r a i n e d   towards  the  tube  c i r c u m f e r e n c e ,   but  s i m u l t a n e o u s l y  

a l r e a d y   given  a  c e r t a i n   s w i r l i n g   movement.  The  s h a f t   b e a r i n g s   5,  6  a r e  

p rov ided   with  s u i t a b l e   s ea l s   so  t h a t   the  a e r o s o l   s o l u t i o n   cannot   e n t e r  

the  b e a r i n g s .  

The  a p p a r a t u s   o p e r a t e s   as  fo l lows  t h a t   with  supply  of  an  

a e r o s o l   s o l u t i o n   to  the  i n l e t   opening  2  under  some  p r e s s u r e   s a i d  

s o l u t i o n   is  c o n s t r a i n e d   by  the  cone  13  towards  the  tube  c i r c u m f e r e n c e ,  

wherein  i t   w i l l   be  c l e a r   t h a t   the  wal ls   7 ,  8   only  are  comprised  o f  

spokes.   The  s o l u t i o n   moves  through  the  f i r s t   f i l t e r   9  to  the  f i r s t  



blade   wheel  12  and  is  given  t he reby   a  s w i r l i n g   motion.   T h e r e a f t e r   t h e  

d r o p l e t s   a f t e r   a  change   of  d i r e c t i o n   again  move  p a r a l l e l   to  the  t u b e  

axis  due  to  the  i n f l u e n c e   of  the  next  f i l t e r   9  and  a r r i v e   at  the  b l a d e  

wheel  12  p r o v i d e d   t h e r e a f t e r .   Thereby  at  the  o u t l e t   opening  3  of  t h e  

tube ,   a  foam  compr i s ing   micro  v e s i c l e s   becomes  a v a i l a b l e .  

For  i n s t a n c e   the  tube  may  be  a  s t e e l   tube ,   p l a s t i c   c o a t e d  

in  o rder   to  p r e v e n t   c o r r o s i o n ,   and  the  s h a f t ,   the  d e f l e c t o r   cone  13 

and  the  b e a r i n g   h o l d e r s   and  p a r t i t i o n s   7,  8  may  be  manufac tu red   f rom 

s t a i n l e s s   s t e e l .   The  f i b r e   g r ids   9  may  be  manufac tu red   from  aluminum 

as  wel l   as  the  b lade   wheels .   The  tube  1  may  have  a  l eng th   of  50  cm  and  

a  d i ame te r   of  11  cm. 

The  s t a t i o n a r y   embodiment  of  the  appa ra tu s   acco rd ing   to  t h e  

i n v e n t i o n , a s   shown  in  f ig .   2,  a lso   comprises   an  e l o n g a t e d   tube  14 

having  an  i n l e t   opening  15  and  an  o u t l e t   opening  16.  Also  sa id   o p e n i n g s  

may  be  p r o v i d e d   with  i n t e r i o r   screw  t h r e a d   for  connec t ion   with  s u p p l y  

tubes   or  hoses .   L o n g i t u d i n a l l y   r e g u l a r l y   spaced  w i th in   the  tube  a r e  

f i b r e   f i l t e r s   7,  s t a t i o n a r i l y   mounted  w i t h i n   the  tube.   Said  f i l t e r s  

comprise  c e l l s ,   l i k e   in  the  embodiment  a cco rd ing   to  f ig .   1 / p r e f e r a b l y  

a lso   honeycomb  c e l l s .   Between  two  s u c c e s s i v e   f i l t e r s   17,  s w i r l i n g  

means  18  are  p rov ided   each  compr i s ing   e .g .   two  h e l i c a l   b l ades   which  

are  s t a t i o n a r i l y   mounted  in  the  tube  and  extend  through  about  9 0 0  o f  

the  tube  c i r c u m f e r e n c e   and  extend  from  the  tube  axis  towards  t h e  

c i r c u m f e r e n c e   or  v ice   ve r sa .   Thereby  the  s u p p l i e d   a e ro so l   s o l u t i o n   i s  

given  a  s w i r l i n g   movement,  which  in  the  embodiment  a cco rd ing   to  f ig .   1 

was  o b t a i n e d   by  the  b lade   w h e e l s .  

For  i n s t a n c e   i t   may  be  sa id   t h a t   the  tube  has  s u c c e s s i v e l y  

a  p l u r a l i t y   of  s e c t i o n s   each  compr i s ing   a  f i l t e r   17  with  s u c c e s s i v e  

s w i r l i n g   means  18,  e .g .   12  s e c t i o n s   when  the  tube  has  a  l eng th   o f  

80  cm  and  a  d i ame te r   of  5  cm.  The  tube ,   the  f i l t e r   and  the  s w i r l i n g  

means  may  be  manufac tu red   from  the  same  m a t e r i a l s   as  ment ioned  w i t h  

r e f e r e n c e   to  f ig .   1.  The  g r id s   may  be  s ecured   in  the  tube  through  an 

i n t e r f e r e n c e   f i t .   Said  g r ids   a lso  r e t a i n   the  s w i r l i n g   means  p r o v i d e d  

between  two  g r i d s .  

P r e f e r a b l y   the  s w i r l i n g   means  18  are  p rov ided   a l t e r n a t i n g l y  

such  t h a t   f i r s t   the  flow  occurs   in  co r r e spondance   with  clock  hands  and  



between  the  next   f i l t e r s   occurs  a g a i n s t   the  movement  of  clock  h a n d s .  

Also  t h e r e w i t h   a  foam  having  micro  v e s i c l e s   is  o b t a i n e d   at  the  t u b e  

end.  The  number  of  s e c t i o n s   de te rmines   the  f i n a l   v e s i c l e   d i m e n s i o n ,  

so  t h a t   the  a p p a r a t u s   may  be  adapted   to  t h i s   f i lm  to  be  o b t a i n e d   by  

means  of  the  l eng th   of  the  tube ,   namely  for  va ry ing   the  v e s i c l e  

d imensions   t h e r e o f .  

Figure   3  shows  a  mixing  tube  19  for  forming  an  a e r o s o l   s o l u -  

t ion   from  water   and  a  s u r f a c t a n t   chemical   agent  with  the  i n t e r m e d i a r y  

of  a i r .  

The  tube  19  has  an  i n l e t o p e n i n g   20,  p rov ided   or  not  w i t h  

i n t e r i o r   screw  t h r e a d   for  connec t ion   to  a  condu i t .   An  inner   tube  21 

is  connec ted   to  the  i n l e t   opening  and  sa id   tube  leads   to  a  tube  22 

wi th in   which  h e l i c a l   b l ades   23  are  p rov ided ,   in  the  embodiment  shown 

two  h e l i c a l   b l a d e s ,   each  having  a  p i t c h   angle  of  e .g .   1270  and  a  p h a s e  

s h i f t   of  1800  in  the  c i r c u m f e r e n t i a l   d i r e c t i o n .   The  tube  22  ends  a t  

an  o u t l e t   opening  24,  l i k e w i s e   p rov ided   or  not  p rov ided   with  i n t e r i o r  

screw  t h r e a d .  

Two  t h i n n e r   tubes  25,  26  extend  p a r a l l e l   to  the  tube  21 

and  having  a  c i r c u m f e r e n t i a l   spacing  of  1800,  sa id   t h i n n e r   t u b e s  

l i k e w i s e   opening  at  the  beg inn ing   of  the  tube  22,  the  i n l e t   ends  2 5 ' ,  

26'  of  sa id   t h i n n e r   tubes  being  d e v i a t e d   through  450.  The  tube  20 

serves   for  the  supply  of  compressed  a i r ,   whereas  the  tubes   25,  26 

serve  for  the  supply  of  water   or  a  chemical   agent  r e s p e c t i v e l y ,   t o  

the  h e l i c a l   b lade   p o r t i o n   of  the  mixing  t u b e .  

Figure   4  is  a  diagram  of  the  use  of  the  a p p a r a t u s   a c c o r d i n g  

to  the  i n v e n t i o n .   There in   a  r o t a r y   or  s t a t i o n a r y   a p p a r a t u s   a c c o r d i n g  

to  f ig .   1  or  f ig .   2  r e s p e c t i v e l y   has  been  i n d i c a t e d   with  the  n u m e r a l s  

1,  14,  a  mixing  tube  19  acco rd ing   to  f ig .   3  being  connec ted   with  s a i d  

a p p a r a t u s .   An  a i r   condu i t   27,  a  water   condu i t   and  a  condu i t   29  for  t h e  

supply  of  the  chemical   agent  are  connec ted   with  sa id   mixing  tube.   A 

compressor   30  and  a  p r e s s u r e   r e g u l a t o r   31  are  p rov ided   in  the  condu i t   27.  

A  pump  32  is  p rov ided   in  the  condu i t   28,  the  e n t r a n c e   p o r t i o n   of  s a i d  

condu i t   being  immersed  in  an  a u x i l i a r y   tank  33,  which  is  f i l l e d   with  w a t e r .  

A  pump  34  is  p rov ided   in  the  condu i t   29,  whereas  the  e n t r a n c e   p o r t i o n   o f  

sa id   condu i t   is  immersed  in  an  a u x i l i a r y   tank  35,  c o n t a i n i n g   t h e  



s u r f a c t a n t   chemical   agent .   The  tank  35  is  connected   by  a  condu i t   36 

with  a  main  tank  37  for  the  chemical   agent .   I t   w i l l   be  c l e a r   t h a t  

sa id   s u r f a c t a n t   chemical   agents   are  known  per  se  and  are  chosen  i n  

a d a p t a t i o n   to  the  dust   to  be  c o n t r o l l e d .   Level  r e g u l a t o r s   a r e  

connec ted   in  known  manner  to  the  d i f f e r e n t   t anks ,   sa id   l eve l   r e g u l a t o r s  

s w i t c h i n g   the  pumps,  a lso   a  pump  38  connec ted   in  the  condui t   36,  when 

a  minimum  or  a  maximum  l e v e l   r e s p e c t i v e l y   in  the  r e l a t i v e   tank  i s  

r eached .   Said  c o n t r o l s   are  i n d i c a t e d   only  very  s c h e m a t i c a l l y .  



1.  A  p rocess   for  s t rongly  r educ ing   the  v e s i c l e   d i m e n s i o n s  

of  a  aqueous  a e r o s o l   s o l u t i o n   c o n t a i n i n g   one  or  more  s u r f a c t a n t  

chemical   a g e n t s ,   c h a r a c t e r i z e d   in  t h a t   the  a e r o s o l   s o l u t i o n   i s  

c a r r i e d   through  a  p l u r a l i t y   of  f i b r e   f i l t e r s   (9,  17)  which  a r e  

s u c c e s s i v e l y   p o s i t i o n e d   and  the  s o l u t i o n   is  impar ted   a  s w i r l i n g  

movement  between  each  two  f i l t e r s .  

2.  Apparatus   accord ing   to  claim  1,  c h a r a c t e r i z e d   in  t h a t  

the  appa ra tu s   comprises   a  t u b u l a r   housing  (1,  14)  having  an  i n l e t  

opening  (2,  15)  and  an  o u t l e t   opening  (3,  16),  which  openings  a r e  

c o a x i a l ,   each  f i b r e   f i l t e r   (9,  17)  being  is  disc   shaped  g r i d ,   w h i c h  

is  secured   at  i t s   c i r c u m f e r e n c e   to  the  tube  wall   and  the  g r i d  

a p e r t u r e s   (11)  of  which  are  f i l l e d   with  f i b r e s   m a t e r i a l .  

3.  Apparatus   acco rd ing   to  claim  2,  c h a r a c t e r i z e d   in  t h a t  

the  gr id   (9,  17)  comprises   honeycomb  shaped  c e l l s   ( 1 1 ) .  

4.  Apparatus   acco rd ing   to  one  or  more  of  the  p r e v i o u s  

c la ims,   c h a r a c t e r i z e d   in  t h a t   a  r o t a r y   d r i v a b l e   s h a f t   (4)  i s  

p rov ided   in  the  tube  ax i s ,   sa id   s h a f t   being  r o t a t a b l e   r e l a t i v e  

to  the  tube  wall  (1),  a  b lade  wheel  (12)  being  secured   to  the  s h a f t  

between  each  two  f i l t e r s   ( 9 ) .  

5.  Apparatus   acco rd ing   to  one  of  the  c laims  1  -  3 ,  

c h a r a c t e r i z e d   in  t ha t   one  or  more  f ixed   h e l i c a l   b lades   (18)  a r e  

p rov ided   between  each  to  f i l t e r s   (17),  each  h e l i c a l   b lade   having  a  

c i r c u m f e r e n t i a l   e x t e n s i o n   of  at  l e a s t   900,  the  d i ame te r   of  the  b l a d e  

i n c r e a s i n g   from  p r a c t i c a l l y   zero  to  the  tube  d i a m e t e r ,   when  g o i n g  

from  the  f i r s t   to  the  second  f i l t e r   (17),  or  v ice   v e r s a .  

6.  Apparatus   accord ing   to  claim  4,  c h a r a c t e r i z e d   in  t h a t  

a  d e f l e c t o r   cone  (13)  widening  in  the  d i r e c t i o n   towards  the  t u b e  

o u t l e t ,   is  p rov ided   be fo re   the  f i r s t   f i l t e r   ( 9 ) .  
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