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54)  Method  and  apparatus  for  continuously  mixing  a  liquid  and  powder. 

A  method  and  apparatus  for  continuously  mixing  a 
liquid  and  a  powder  to  form  a  substantially  homogenous 
mixture.  The  liquid  and  powder  are  fed,  via  separate  lines 
(22,21)  to  a  cavity  (7)  in  a  rotating  wheel  (3,4)  and  to 
powder-accommodating  spaces  (13)  respectively  in  said 
rotating  wheel  (3,4)  and  are  thrown  therefrom  by  centrifugal 
force  outwardly  towards  the  periphery  of  the  wheel.  The 
liquid  is  pressed  from  the  cavity  (7)  via  a  gap  (8,9)  arranged 
in  the  wheel  in  a  direction  towards  the  upper  side  of  said 
wheel  and  forms  a  mist  curtain  as  it  exits  from  the  gap.  The 
mist  curtain  captures  the  powder  particles  thrown  by 
centrifugal  force  from  the  powder-accommodating  spaces 

(13)  and  is  mixed  with  said  particles. 



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  me thod   a n d  

a p p a r a t u s   f o r   c o n t i n u o u s l y   m i x i n g   l i q u i d   and  p o w d e r   to   a  

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

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

s u p p l y i n g   l i q u i d   and  p o w d e r   r e s p e c t i v e l y   to  s a i d   a p p a r a t u s .  
In  known  m e t h o d s   of  m i x i n g   a  l i q u i d   w i t h   a  p o w d e r ,  

t he   l i q u i d   and  p o w d e r   a r e   o f t e n   k n e a d e d   t o g e t h e r .   S u c h  

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

n e c e s s a r y   to   w e t - g r i n d   t he   m i x t u r e   in  o r d e r   to  o b t a i n   t h e  

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

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

i n t e r n a l   f r i c t i o n   in  t he   m i x t u r e   is   so  low  t h a t   i t   i s   o f t e n  

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

t h a t   t h e   lumps  t h u s   f o r m e d   mus t   be  f i l t e r e d   o f f   at  a  l a t e r  

s t a g e .  

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is  to  a v o i d   t h e  

a f o r e m e n t i o n e d   p r o b l e m s   when  p r e p a r i n g   m i x t u r e s   of  l i q u i d  

and  p o w d e r .   A c c o r d i n g l y ,   t h e   m e t h o 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   is  m a i n l y   c h a r a c t e r i z e d   in  t h a t   t h e  

l i q u i d   and  t h e   p o w d e r   a re   c h a r g e d   r e s p e c t i v e l y ,   by  s e p a r a t e  

l i n e s ,   to   a  c a v i t y   a r r a n g e d   in  a  r o t a t a b l e   whee l   and  t o  

p o w d e r   s p a c e s   a l s o   a r r a n g e d   in  s a i d   w h e e l ,   so  as  to  b e  

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

of  s a i d   w h e e l ,   w h e r e a t   t he   l i q u i d   is   u r g e d   from  s a i d   c a v i t y ,  

v i a   a  gap  in  s a i d   w h e e l ,   t o w a r d s   t h e   u p p e r   s i d e   of  s a i d  

w h e e l   and  fo rms   a  m i s t   c u r t a i n   at  t h e   e x i t   cf  s a i d   g a p ,   a t  

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



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

m i s t   c u r t a i n   and  m i x e d   t h e r e w i t h .   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   i s   c h a r a c t e r i z e d   in  t h a t   t he   m i x e r   h o u s -  

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

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

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

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

s p a c e s   in  t h e   u p p e r   p a r t   of  s a i d   w h e e l ,   and  t h e   c a v i t y  

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

c i r c u m f e r e n t i a l l y   e x t e n d i n g   gap  h a v i n g   a  c o n f i g u r a t i o n  

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

o u t e r   s u r f a c e   o f   a  t r u n c a t e d   c o n e ,   w i t h   t h e   apex   of  s a i d  

cone  d i r e c t e d   d o w n w a r d l y .  

One  a d v a n t a g e   a f f o r d e d   by  means   of   t h e   i n v e n t i o n   i s  

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

The  a p p a r a t u s   c an   be  h e l d   c o n s t a n t   d u r i n g   t h e   w h o l e   of   t h e  

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

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

i n d u s t r y .   The  r a t i o   of  p o w d e r   to   l i q u i d   can  be  s e t   to   a n y  
d e s i r e d   v a l u e   f o r   e a c h   p a r t i c u l a r   m i x t u r e .   M o r e o v e r ,   t h e  

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

as  o p p o s e d   to   known  a p p a r a t u s   w h e r e   one  " lump  of  d o u g h "   i s  

mixed  at  a  t i m e ,   f o r   e x a m p l e ,   in  a  s o - c a l l e d   " b a t c h i n g " .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  more  d e t a i l  

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 ,   w h i c h   i l l u -  

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

ing  to   t h e   i n v e n t i o n  

T h u s ,   F i g u r e   1  i s   a  v e r t i c a l   s e c t i o n a l   v i ew   of  a n  

a p p a r a t u s   a c c o r d i n g   to  t he   i n v e n t i o n .   F i g u r e   2  i s   a  s e c -  

t i o n a l   v i e w   t a k e n   on  the   l i n e   I I - I I   of  F i g u r e   1.  F i g u r e   3 

is  a  p a r t   of  t h e   v e r t i c a l   s e c t i o n a l   v i ew  of  F i g u r e   1  s h o w n  

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

t h e  d r a w i n g   h a v e   been   i d e n t i f i e d   by  t h e   same  r e f e r e n c e s .  

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

m i x e r   h o u s i n g   1  h a v i n g   a  l i d   or  c o v e r   2.  A r r a n g e d   w i t h i n  

the  h o u s i n g   1  i s   a  w h e e l   a r r a n g e m e n t   c o m p r i s i n g   an  u p p e r  

whee l   3  and  a  l o w e r   w h e e l   4  w h i c h   is   r o t a t a b l y   m o u n t e d   o n  

a  s h a f t   5  by  m e a n s   of  b e a r i n g s   6.  L o c a t e d   b e n e a t h   t h e  



u p p e r   and  t h e   l o w e r   w h e e l s   3  a n d   4  r e s p e c t i v e l y   is  a  c a v i t y  

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

3  v i a   a  c i r c u m f e r e n t i a l l y   e x t e n d i n g   gap  d e f i n e d   by  t h e  

o u t e r   s u r f a c e s   8  and  9  r e s p e c t i v e l y   of  f r u s t o - c o n i c a l   e l e -  

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

w a r d l y .   M i l l e d   on  t h e   u p p e r   s u r f a c e   o f   t h e   u p p e r   w h e e l   3 

a r e   b l a d e s   10,  w h i l e   b l a d e s   11  a r e   m i l l e d   on  t he   l o w e r  

s u r f a c e   of  s a i d   u p p e r   w h e e l   3.  A r r a n g e d   b e t w e e n   t h e   b l a d e s  

10  a re   s p a c e s   13  w h i c h   a re   i n t e n d e d   to   r e c e i v e   the   p o w d e r  

to   be  mixed   w i t h   s a i d   l i q u i d ,   w h i l e   t h e   c a v i t y   7,  w h i c h   i s  

d i v i d e d   i n t o   c o m p a r t m e n t s   by  means   of  t h e   b l a d e s   11,  i s  

i n t e n d e d   to   r e c e i v e   t h e   l i q u i d   to  be  m i x e d   w i t h   s a i d   p o w d e r .  

The  l o w e r   w h e e l   4  has   a  c i r c u m f e r e n t i a l l y   e x t e n d i n g   e d g e  

14  l o c a t e d   a d j a c e n t   t h e   mouth  of   t h e   gap  9.  The  l o w e r  

w h e e l   4  is   p r o v i d e d   a r o u n d   i t s   p e r i p h e r y   w i t h   b l a d e s   15  f o r  

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

16  and  an  o u t l e t   17.  The  o u t l e t   may  o p t i o n a l l y   be  s u p p l e -  

m e n t e d   w i t h   a  n o z z l e   18  which  is  u s e d   when  t h e   f i n i s h e d  

m i x t u r e   is  more  f l o w a b l e .   The  l i d   or  c o v e r   2  has  a  c o m -  

p a r t m e n t   19  l o c a t e d   above   the  c e n t r e   of  t h e   w h e e l   a r r a n g e -  

ment   f o r   r e c e i v i n g   t h e   powder   p h a s e ,   f o r   f u r t h e r   t r a n s p o r t  

of  s a i d   p o w d e r   p h a s e   to  the  s p a c e s   13.  The  l i d   is  a l s o  

p r o v i d e d   on  t h e   u n d e r s u r f a c e   t h e r e o f   w i t h   p i n s   2C  w h i c h   l i e  

a d j a c e n t   t h e   edge   14.  The  powder   p h a s e   i s   fed   to  s a i d   c o m -  

p a r t m e n t   or   s p a c e   19  w i t h   the   a i d   of  a  t r a n s p o r t e r   21,  f o r  

e x a m p l e   a  f e e d   s c r e w .   The  l i q u i d   p h a s e   i s   p a s s e d   to   t h e  

c a v i t y   7  t h r o u g h   a  p i p e   2 2 .  

When  t h e   a p p a r a t u s   is  in  o p e r a t i o n ,   t h e   w h e e l s   3 , 4  

of  t h e   w h e e l   a r r a n g e m e n t   l o c a t e d   w i t h i n   t h e   h o u s i n g   1 , 2  

r o t a t e   a b o u t   t h e   s h a f t   5  at  a  s p e e d   w h i c h   may  l i e   b e t w e e n  

1000  and  5000  rpm.  The  wet  p h a s e ,   or  t h e   l i q u i d ,   is  p a s s e d  

to   t he   m i x e r   v i a   t h e   p i p e   22,  to  t h e   c a v i t y   7.  As  a  r e s u l t  

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

11,  t he   l i q u i d   i s   t h r o w n   o u t w a r d l y   t h r o u g h   t h e   gap  8  a n d  

f u r t h e r   t h r o u g h   t h e   gap  9.  The  l i q u i d   t h u s   o b t a i n s   t h e  

form  of  a  s k i n   w h i c h   e x t e n d s   c o n s t a n t l y   o u t w a r d l y   w h i l e  

b e c o m i n g   t h i n n e r   and  t h i n n e r .   When  t h e   l i q u i d   s k i n   l e a v e s  

t h e   gap  9  i t   s t r i k e s   t he   edge  14  and  is   b r o k e n   up  i n t o  



m i c r o s c o p i c   d r o p l e t s   so  as  to   fo rm  a  c u r t a i n .   At  t h e   s a m e  

t i m e   as  l i q u i d   i s   s u p p l i e d   t h r o u g h   t h e   p i p e   22,  p o w d e r   i s  

s u p p l i e d   by  t h e   c o n v e y o r   21  to   t h e   c o m p a r t m e n t   19  a n d  

f u r t h e r   to  t h e   s p a c e s   13.  The  p o w d e r   i s   t h r o w n   f rom  t h e  

s p a c e s   13,  w i t h   t h e   a i d   of  c e n t r i f u g a l   f o r c e   and  t h e  

b l a d e s   10,  o u t w a r d l y   t o w a r d s   t h e   p e r i p h e r y   of  t h e   u p p e r  
w h e e l   3,  at   t h e   same  t ime   as  s a i d   p o w d e r   i s   w h i p p e d   up  a n d  

i m p i n g e s   on  t h e   c u r t a i n   of  l i q u i d   a t   t h e   edge   14.  The  t w o  

p h a s e s ,   l i q u i d   and  p o w d e r ,   a r e   now  t h r o w n   o u t w a r d l y   t o -  

g e t h e r   and  c o l l i d e   w i t h   p i n s   20,   w h e r e   t h e   i n s t a n t a n e o u s  

m i x t u r e   of  p o w d e r   and  l i q u i d   t a k e s   p l a c e .   The  f i n i s h e d  

m i x t u r e   i s   c a u g h t   i m m e d i a t e l y   by  t h e   b l a d e s   15  and  i s  

t h r o w n   o u t w a r d l y   v i a   t h e   d i f f u s o r   16  to  t h e   o u t l e t   1 7 .  

G r a n u l a t e s   and  s t i f f   m i x t u r e s   l e a v e   t h e   m i x e r   at   t h e   o u t l e t  

17,  w h i l e   t h e   r e a d i l y   f l o w a b l e   m i x t u r e   i s   t a k e n   ou t   v i a   t h e  

n o z z l e   1 8 .  

The  i n v e n t i o n   is  no t   r e s t r i c t e d   to   t h e   d e s c r i b e d  

e m b o d i m e n t ,   b u t   can  be  m o d i f i e d   w i t h i n   t h e   s c o p e   of  t h e  

a c c o m p a n y i n g   c l a i m s .   P a r t i c u l a r   n o t e   s h o u l d   be  t a k e n   t o  

t h e   e x p r e s s i o n s   " c a v i t y "   and  " p o w d e r   s p a c e s " ,   s i n c e   " a  

c a v i t y "   can  in  p r i n c i p l e   be  s a i d   to   c o m p r i s e   "a  p l u r a l i t y  

of  c a v i t i e s "   w h i l e   "powde r   s p a c e s "   can  be  w e l l   s a i d   to  b e  

"a  p o w d e r   s p a c e " .  



1.  A  m e t h o d   of  c o n t i n u o u s l y   m i x i n g   l i q u i d   and  p o w d e r  

t o g e t h e r   to  form  a  s u b s t a n t i a l l y   h o m o g e n o u s   m i x t u r e ,  

c h a r a c t e r i z e d   by  f e e d i n g   t h e   l i q u i d   and  t h e   p o w d e r   v i a  

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

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

as  to   be  t h r o w n   ou t   t o w a r d s   t h e   p e r i p h e r y   of  t h e   w h e e l   b y  

c e n t r i f u g a l   f o r c e ,   w h e r e a t   t he   l i q u i d   is  p r e s s e d   f rom  s a i d  

c a v i t y   v i a   a  gap  in  s a i d   w h e e l   in  a  d i r e c t i o n   t o w a r d s   t h e  

u p p e r   s i d e   of  s a i d   w h e e l   a n d ,   as  i t   e x i t s   f rom  t h e   w h e e l ,  

i s   t h r o w n   out   t o w a r d s   a  p e r i p h e r a l l y   e x t e n d i n g   edge   on  t h e  

p e r i p h e r a l   s i d e   of  t h e   gap  to  form  a  m i s t   c u r t a i n ,   w h i c h  

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

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

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

w h e e l   and  a re   c a u g h t   by  m i x e r   p i n s   in  t h e   h o u s i n g   of  t h e  

m i x e r   w h e e l ,   to   fo rm  a  h o m o g e n o u s   m i x t u r e   w h i c h   is   fed   t o -  

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

2.  An  a p p a r a t u s   f o r   c a r r y i n g   ou t   t h e   m e t h o d   a c c o r d -  

i n g   to  c l a i m   1,  c o m p r i s i n g   a  m i x e r   and  a  m i x e r   h o u s i n g   ( 1 ,  

2)  and  h a v i n g   s e p a r a t e   l i n e s   ( 2 1 , 2 2 )   fo r   s u p p l y i n g   l i q u i d  

and  p o w d e r ,   c h a r a c t e r i z e d   in  t h a t   the   m i x e r   h o u s i n g   c o m -  

p r i s e s   a  whee l   a r r a n g e m e n t   ( 3 , 4 )   a r r a n g e d   f o r   r o t a t i o n   o n  

a  s h a f t   (5)  in  t h e   m i x e r   h o u s i n g   ( 1 , 2 ) ,   w h e r e a t   t he   l i q u i d  

l i n e   (22)   d i s c h a r g e s   i n t o   a  c a v i t y   (7)  in  t he   w h e e l   w h i l e  

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

s p a c e s   (13)  in  t he   u p p e r   p a r t   of  the   w h e e l ,   and  t h e   c a v i t y  

(7)  c o m m u n i c a t e s   w i t h   t h e   u p p e r   s i d e   of  s a i d   w h e e l   v i a   a  

c i r c u m f e r e n t i a l l y   e x t e n d i n g   gap  ( 8 , 9 )   w h i c h   o p e n s   o u t  

a d j a c e n t   a  c i r c u m f e r e n t i a l l y   e x t e n d i n g   edge  (14)   l o c a t e d  

on  t he   p e r i p h e r a l   s i d e   of   t h e   gap,   w h e r e a t   t h e   s h a p e   of  t h e  

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

s u r f a c e   of  a  t r u n c a t e d   cone   w i t h   the   apex  of  s a i d   c o n e  

f a c i n g   d o w n w a r d l y ,   and  w h e r e a t   the   m i x e r   h o u s i n g   ( 1 , 2 )   i n -  

c l u d e s   m i x e r   p i n s   (20)   a r r a n g e d   to  c a p t u r e   l i q u i d   f rom  t h e  

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

f rom  t h e   powder   s p a c e s ,   to   p r o v i d e   s a i d   m i x t u r e .  



3.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i z e d  

in  t h a t   t he   p o w d e r   s p a c e s   (13)   in  t h e   u p p e r   p a r t   of  t h e  

w h e e l   a r r a n g e m e n t   a r e   s e p a r a t e d   f rom  one  a n o t h e r   by  m e a n s  

of  b l a d e s   (10)   w h i c h   a re   d i r e c t e d   o u t w a r d l y   f rom  t h e  

c e n t r e   of  t h e   w h e e l .  

4.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   2  or  c l a i m   3 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   c a v i t y   ( 7 ) ,   w h i c h   is   l o c a t e d  

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

to  d i f f e r e n t   c o m p a r t m e n t s   by  means   of  b l a d e s   (11)   d i r e c t e d  

o u t w a r d l y   f rom  t h e   c e n t r e   of  s a i d   w h e e l .  

5.  An  a p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   2 - 4 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   c o n i c a l   gap  has  a  l o w e r   (8)   a n d  

an  u p p e r   (9)  c o n i c a l   p a r t ,   of  w h i c h   c o n i c a l   p a r t s   t h e  

apex   a n g l e   of  t h e   l o w e r   p a r t   i s   more   o b t u s e   t h a n   t h e   a p e x  

a n g l e   of  t he   u p p e r   p a r t .  
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