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@  Improvements  in  or  relating  to  a  process  and  apparatus  for  spraying  a  powder  with  liquid. 

  The  process  includes  entraining  a  powder  having  an  aver- 
age  particle  size  in  the  range  of  1  micron  to  1.0  mm  in  air  within 
a  mixing  vessel  and  spraying  the  entrained  powder  with  a  liquid 
within  a  spray  zone  in  the  mixing  vessel.  The  process  is  used 
especially  for  a  throughput  rate  in  the  range  of  20  to  100  kg/ 
hour  of  powder.  The  apparatus  for  carrying  out  the  process  in- 
cludes  a  mixing  vessel  (2)  accommodating  an  axially  aligned 
venturi  device  (22)  and  a  spray  nozzle  (18).  The  mixing  vessel 
(2)  may  be  connected  to  a  vibratory  fluidized  bed  chamber  (28) 
for  collecting  the  sprayed  powder. 



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

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

e s p e c i a l l y  t o   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   in  a  m i x -  

i n g   v e s s e l .  

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

w i t h   l i q u i d   h a s   i n c l u d e d   a  m i x i n g   v e s s e l   h a v i n g   a n  

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

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

p r o d u c i n g   a  s p r a y   of   l i q u i d   d r o p l e t s   and  an  o u t l e t  

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

m e a n s   and  a  c o l l e c t i n g   m e a n s .   In  o p e r a t i o n   p o w d e r  

i s   e n t r a i n e d   in   a i r   and  c o n v e y e d   by  t h e   f e e d i n g   m e a n s  

i n t o   t h e   i n l e t   d u c t   of  t h e   m i x i n g   v e s s e l   at   an  o p t i m u m  

t h r o u g h p u t   r a t e   in   t h e   r a n g e   of  100  to   20000   k g / h o u r  

of  p o w d e r ,   t h e n   t h e   p o w d e r   e n t r a i n e d   in   a i r   i s   s p r a y e d  

w i t h   l i q u i d   d r o p l e t s   e m a n a t i n g   f rom  t h e   s p r a y   n o z z l e s  

in  t h e   s p r a y   zone   a f t e r   w h i c h   t h e   s p r a y e d   p o w d e r   i s  

c o l l e c t e d   in  t h e   c o l l e c t i n g   m e a n s .   To  a c c o m m o d a t e  

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

f e e d i n g   means   i n c l u d e s   r e l a t i v e l y   l a r g e r  d i a m e t e r   d u c t -  

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

a i r .   A d d i t i o n a l l y   t h e   d i m e n s i o n s   of  t h e   m i x i n g   v e s s e l  



n e e d   to   be  c o r r e s p o n d i n g l y   l a r g e   so  as  to   a c c o m m o d a t e  

a  r e l a t i v e l y   l a r g e   v o l u m e   of  a i r   h a v i n g   a  h i g h   v e l o c i t y  

to   p r o m o t e   m i x i n g   of  t h e   p o w d e r   e n t r a i n e d   in  a i r   w i t h  

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

t h e   v e l o c i t y   of  t h e   e n t r a i n i n g   a i r .   A l s o   t h e   c o l l e c t i n g  

m e a n s   n e e d s   to   be  c o r r e s p o n d i n g l y   l a r g e   in   d i m e n s i o n s  

so  as   t o   e f f e c t   s e p a r a t i o n   of   t h e   s p r a y e d   p o w d e r   a n d  

t h e   e n t r a i n i n g   a i r .   C o n s e q u e n t l y   s u c h   an  a p p a r a t u s  

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

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

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

t h e   o p t i m u m   t h r o u g h p u t   r a t e ,   f o r   e x a m p l e   when  a  

r e l a t i v e l y   s m a l l   t h r o u g h   r a t e   of   50  k g / h o u r   of   p o w d e r  

i s   r e q u i r e d .  

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

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

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

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

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

t o   o p e r a t e   f o r   t h r o u g h p u t   r a t e s   in   t h e   r a n g e   of  20  t o  

100  k g / h o u r   of  p o w d e r .  

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

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

p a r t i c l e   s i z e   in  t h e   r a n g e   of  1  m i c r o n   t o   1 .0   mm  a s  a  

s t r e a m   i n t o   an  u p p e r   r e g i o n   of  a  m i x i n g   v e s s e l ,  

e f f e c t i n g   w i t h i n   t h e   m i x i n g   v e s s e l   e n t r a i n m e n t   of  t h e  

p o w d e r   s t r e a m   in   a i r ,   s p r a y i n g   t h e   p o w d e r   e n t r a i n e d  

in   a i r   w i t h   l i q u i d   in   a  s p r a y   zone   of   t h e   m i x i n g  

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



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

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

i n c l u d i n g   a  m i x i n g   v e s s e l   h a v i n g   a l i g n e d   a x i a l l y   a n  

u p p e r   p o r t i o n   i n c l u d i n g   an  i n l e t  d u c t ,   a  l o w e r   p o r t i o n  

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

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

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

h a v i n g   an  o u t l e t  d u c t   a x i a l l y   a l i g n e d   w i t h   t h e   i n l e t  

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

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

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

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

in   a  s t r e a m   of   a i r ,   and  a  s p r a y   n o z z l e   a x i a l l y   a l i g n e d  

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

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

E m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   n o w  b e  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 i a g r a m a t i c   d r a w i n g s   in   w h i c h : -  

F i g u r e   1  r e p r e s e n t s   an  a p p a r a t u s   f o r   s p r a y i n g   a  

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

a  v i b r a t i n g   f l u i d i z e d   b e d   c h a m b e r ;   a n d  

F i g u r e   2  r e p r e s e n t s   in   s e c t i o n   t h e   m i x i n g   v e s s e l  

r e p r e s e n t e d   in   F i g u r e   1 .  

W i t h   r e f e r e n c e   to   F i g u r e s   1  and  2  an  a p p a r a t u s   1 

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

v e s s e l   2  h a v i n g   e x t e n d i n g   c o a x i a l l y  a   c y l i n d r i c a l   u p p e r  

p o r t i o n   4  h a v i n g   an  a x i a l l y   a l i g n e d   i n l e t   d u c t  6 ,   a n  



i n t e r m e d i a t e   p o r t i o n   8  i n c l u d i n g   an  a p e r t u r e d   d o m e d  

u p p e r   r e g i o n   10  and  a  d o w n w a r d l y   d i v e r g i n g   f r u s t o   c o n i c a l  

r e g i o n   12,  and  a  c y l i n d r i c a l   l o w e r   p o r t i o n   14.  T h e  

f r u s t r o   c o n i c a l   r e g i o n   12  i n c l u d e s   a  s e a l a b l e   p o r t   16  

t h r o u g h   w h i c h   p a s s e s   an  a x i a l l y   a l i g n e d   n o z z l e   18  w h i c h  

e x t e n d s   d o w n w a r d l y   i n t o   a  s p r a y   zone   e n c l o s e d   by  t h e  

f r u s t o   c o n i c a l   r e g i o n   12.  The  n o z z l e   i s   s u p p l i e d   w i t h  

l i q u i d   f r o m   an  e x t e r n a l   s t o r a g e   t a n k   ( n o t   s h o w n )   t o  

p r o d u c e   a  d o w n w a r d l y   d i r e c t e d   s p r a y   of   l i q u i d   d r o p l e t s .  

S u p e r j a c e n t   t h e   i n l e t   d u c t   6  and  a x i a l l y   a l i g n e d  

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

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

i n t o   t h e   m i x i n g   v e s s e l   2.  P o s i t i o n e d   a x i a l l y  b e n e a t h  

t h e   o u t l e t   d u c t   20  of   t h e   s c r e w   f e e d e r   and  a x i a l l y  

a c c o m m o d a t e d   w i t h i n   t h e   u p p e r   c y l i n d r i c a l   p o r t i o n   4  o f  

t h e   m i x i n g   v e s s e l   2  i s   a  v e n t u r i   d e v i c e   22  h a v i n g   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   c h a m b e r   ( n o t   s h o w n )   d i s c h a r g -  

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

o f   a  t h r o a t   ( n o t   s h o w n )   of   t h e   v e n t u r i   d e v i c e   22.  T h e  

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

p r o d u c e s   by  an  i n d u c e d   v e n t u r i   a c t i o n   on  d i s c h a r g e  

t h r o u g h   t h e   gap  ( n o t   s h o w n )   an  a c c e l e r a t i o n   in   t h e  

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

i n t o   a  m o u t h   o f   t h e   v e n t u r i   d e v i c e   22,   and  a  s p r e a d i n g  

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

s p r a y   of   p o w d e r   e n t r a i n e d   in   a i r .   A t t a c h e d   to   t h e  

c y l i n d r i c a l   l o w e r   p o r t i o n   14  of  t h e   m i x i n g   v e s s e l   2  a n d  

d e p e n d i n g   t h e r e f r o m   i s   a  f l e x i b l e   c y l i n d r i c a l   c o n n e c t i o n   2 2  

s u r r o u n d i n g   an  o u t l e t   d u c t   25 ,   t h e   c o n n e c t i o n   24  i s  

a t t a c h e d   a t   i t s   l o w e r   edge   t o   an  i n l e t   d u c t   26  of  a  

v i b r a t o r y   f l u i d i s e d   b e d   c h a m b e r   2 8 .  



The  v i b r a t o r y   f l u i d i s e d   b e d  c h a m b e r  2 8   has   f o u r  

r e c t a n g u l a r   w a l l s   c o n n e c t e d   t o g e t h e r   a t   a d j a c e n t  e d g e s ,  

a  r e c t a n g u l a r   r o o f   20  i n c l u d i n g   t h e   i n l e t   d u c t   26,   a  

r e c t a n g u l a r   b a s e   32  and  an  o u t l e t   d u c t   34  c o m m u n i c a t i n g  

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

i n l e t   d u c t   26.  A t t a c h e d   to   t h e   w a l l s   and  p o s i t i o n e d  

i n t e r m e d i a t e   t h e   r o o f   30  and   b a s e   32  of   t h e   f l u i d i s e d  

b e d c h a m b e r   28  i s   a  d i f f u s e r   p l a t e  3 6   w h i c h  d i v i d e s  

t h e   f l u i d i s e d   b e d   c h a m b e r   28  i n t o   a n  u p p e r   and  a  l o w e r  

r e g i o n   ( 3 8 , 4 0 ) .   A t t a c h e d  t o   t h e   b a s e   32  o f  t h e   f l u i d i s e d  

b e d   c h a m b e r   28  and  p o s i t i o n e d   i n t e r m e d i a t e   t h e   i n l e t  

d u c t   26  and  t h e  o u t l e t   d u c t   34  i s   an  u p r i g h t  p a r t i t i o n   4 2  

w h i c h   d i v i d e s   t h e   l o w e r   r e g i o n  4 0   o f  t h e  f l u i d i s e d   b e d  

c h a m b e r   2 8  i n t o   two  d i s c r e t e   z o n e s   39,  41.   F l u i d i s i n g  

a i r   i s   d i r e c t e d   f rom  t h e   l o w e r   r e g i o n   40  t h r o u g h   t h e  

d i f f u s e r   p l a t e   36  i n t o   t h e   u p p e r   r e g i o n   38  of  t h e  

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

of  t h e   d i s c r e t e   z o n e s   3 9 , 4 1   s e p a r a t e l y   t h r o u g h   p i p i n g  
and  d u c t i n g   ( n o t   s h o w n )   w h i c h   i n c l u d e s   a  p a i r   of   f a n s  

one  of   w h i c h   has   a s s o c i a t e d   t h e r e w i t h   a  h e a t e r   so  t h a t  

t h e   f l u i d i s i n g   a i r   d i r e c t e d   i n t o  t h e   zone   39  a d j a c e n t  

t h e   i n l e t   d u c t   26  may  be  h e a t e d   w i t h   r e s p e c t   to   t h e  

f l u i d i s i n g   a i r   d i r e c t e d  i n t o   t h e   zone   41  a d j a c e n t   t h e  

o u t l e t   d u c t   34.  A t t a c h e d   to  an  e x t e r n a l   s u r f a c e   of  t h e  

b a s e   of  t h e   f l u i d i s e d  b e d   c h a m b e r   28  a r e   l e a f   s p r i n g s   4 4  

m o u n t e d   on  a  b a s e   s u p p o r t  4 6 .   T h e  f l u i d i s e d   bed   c h a m b e r  

i s   v i b r a t e d   on  t h e   s p r i n g s   by  a  m o t o r   4 8  a t t a c h e d   to   t h e  

b a s e   s u p p o r t   4 6 .  



C o m m u n i c a t i n g   w i t h   t h e   u p p e r   r e g i o n   38  of   t h e  

f l u i d i s e d   b e d   c h a m b e r   28  i s   a  f i l t e r   s y s t e m   ( n o t   s h o w n )  

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

f r o m   t h e   f l u i d i s e d   bed   c h a m b e r   28  and  t h e   e n t r a i n i n g  

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

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

p a r t i c l e   s i z e   in   t h e   r a n g e   of  1  m i c r o n   to   1 .0   mm  i s  

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

t h r o u g h p u t   r a t e   in   t h e   r a n g e   of   20  to   100  k g / h o u r   o f  

p o w d e r   t h r o u g h   t h e   o u t l e t   d u c t   30  i n t o   t h e   i n l e t   d u c t   6 

of   t h e   m i x i n g   v e s s e l   1  to   t h e   m o u t h   o f   t h e   v e n t u r i  

d e v i c e   22  as  a  f r e e   f a l l i n g   s t r e a m   of   p o w d e r .   S i m u l t a n e -  

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

0 . 3   b a r   to   5 . 0   b a r   i s   s u p p l i e d   t o   t h e   v e n t u r i   d e v i c e   2 2  

a t   a  t h r o u g h p u t   r a t e   in   t h e   r a n g e   of   1 2 m 3 / h o u r   t o  
3 0 m 3 / h o u r   w h i c h   p r o d u c e s   by  an  i n d u c e d   v e n t u r i   a c t i o n  

on  d i s c h a r g e   t h r o u g h   t h e   gap  an  a c c e l e r a t i o n   in  t h e  

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

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

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

s p r a y   o f   p o w d e r   e n t r a i n e d   in   a i r .   L i q u i d   i s   t h e n  

s u p p l i e d   to   t h e   n o z z l e   18,  f o r   e x a m p l e ,   a  0.4mm  d i a m e t e r  

h o l l o w   cone   p r e s s u r e   n o z z l e ,   at   a  maximum  t h r o u g h p u t  

r a t e   of   2 2 1 i t r e s / h o u r   to   p r o d u c e   a  d o w n w a r d l y   d i r e c t e d  

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

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



in  a i r   in   t h e   s p r a y  z o n e   to  p r o d u c e  a   m i x t u r e   of  l i q u i d  

d r o p l e t s   and  p a r t i a l l y   c o a t e d   p o w d e r   p a r t i c l e s   in   w h i c h  

5  to  70%  by  w e i g h t   of   t h e   m i x t u r e  m a y   be  l i q u i d .   W i t h  

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

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

a i r   p a s s   t h r o u g h   t h e   o u t l e t   d u c t   25  w h i c h   i s   s u r r o u n d e d  

by  t h e   f l e x i b l e   c o n n e c t i o n   24  a t t a c h e d   to   t h e   l o w e r  

c y l i n d r i c a l   p o r t i o n   14  of  t h e   m i x i n g   v e s s e l   2  and   e n t e r s   t h e  

u p p e r   r e g i o n - $ =   of   t h e   v i b r a t o r y   f l u i d i s e d   b e d   c h a m b e r   2 8 .  

The  v i b r a t o r y   m o v e m e n t   of   t h e   f l u i d i s e d   b e d   c h a m b e r   2 8  

i s   e f f e c t e d   by  a c t u a t i o n   of   t h e   m o t o r   48  and  f l u i d i s i n g  

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

d i s c r e t e   z o n e s   3 9 , 4 , 1  o f   t h e   l o w e r   r e g i o n   40  of   t h e  

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

t h r o u g h   t h e   d i f f u s e r   p l a t e   36  at   r a t e s   to   g i v e   v e l o c i t i e s  

in  t h e   r a n g e   of  0 . 2 m / s   to   1 . 2 m / s   to   f l u i d i s e   t h e  

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

l e t s .   A f t e r   a  d w e l l   t i m e   in   t h e  r a n g e   of  2  to   5  m i n u t e s  

f o r   a  d e p t h   of  bed   i n c l u d i n g   a i r   in   t h e   r a n g e   of  20mm 

to  80mm  t h e   v i b r a t i n g   m o t i o n   of  t h e   f l u i d i s e d   b e d  

c h a m b e r   28  c a u s e s   t h e   p r o d u c t   p o w d e r   to   be  c o n v e y e d   t o  

t h e  o u t l e t   d u c t   34  t h r o u g h   w h i c h   i t   i s   d i s c h a r g e d .  

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

t h e   u p p e r   p o r t i o n   38  of  t h e   f l u i d i s e d   b e d   c h a m b e r   i n t o  

t h e   f i l t e r  s y s t e m   f o r   f i l t e r i n g ,   and  a f t e r   f i l t e r i n g   i s  

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

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

p r o c e s s ,   when  t h e   l i q u i d   s u p p l i e d   to   t h e   n o z z l e   1 8  

i s   w a t e r   or  an  e m u l s i o n   c o n t a i n i n g   w a t e r   and  e v a p o r a t i o n  



to   p r o d u c e   t h e   p r o d u c t   p o w d e r   i s   r e q u i r e d   t h e n   t h e  

f l u i d i s i n g   a i r   s u p p l i e d   to   t h e   zone   39  a d j a c e n t   to   t h e  

i n l e t   26  i s   h e a t e d   to   a  maximum  t e m p e r a t u r e   of   1 4 0 0 C  

by  t h e   h e a t e r   to   e v a p o r a t e   o f f   t h e   w a t e r .   A d d i t i o n a l l y  

t h e   f l u i d i s i n g   a i r   s u p p l i e d   to   t h e   z o n e   41  a d j a c e n t  

t h e   o u t l e t   d u c t   34  may  be  a t   a  r e l a t i v e l y   l o w e r   t e m p e r a t u r e  

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

f r i a b i l i t y   b e f o r e   d i s c h a r g e   t h r o u g h   t h e   o u t l e t   d u c t   3 4 .  

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

a p p a r a t u s   a  g u i d e   member   ( n o t   s h o w n )   h a v i n g   an  a x i a l l y  

a l i g n e d   i n l e t   and   o u t l e t ,   and  d o w n w a r d l y   c o n v e r g i n g  

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

t h e   t h r o a t   o f  t h e  v e n t u r i   d e v i c e   22  in   t h e   f r u s t o   c o n i c a l  

r e g i o n   12  of   t h e   m i x i n g   v e s s e l   2  w i t h   t h e   o u t l e t   of  t h e  

g u i d e   m e m b e r   s u r r o u n d i n g   t h e   n o z z l e   18.  The  g u i d e  

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

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

v e n t u r i   d e v i c e   22  s u c h   t h a t   e n h a n c e d   m i x i n g   of   t h e   p o w d e r  

s t r e a m   w i t h   l i q u i d   f r o m   t h e   n o z z l e   18  i s   a c h i e v e d   i n  

t h e   s p r a y   z o n e .   The  g u i d e   member   i s   u s e d   e s p e c i a l l y  

when  w a t e r   a t   a  r e l a t i v e l y   h i g h   t h r o u g h p u t   r a t e   i s  

s p r a y e d   o n t o   t h e   p o w d e r .  

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

c h a m b e r   28  h a s   b e e n   u s e d   to   c o l l e c t   and  d ry   t h e   p r o d u c t  

p o w d e r ,   o t h e r   c o l l e c t i o n   and  d r y i n g   s y s t e m s   may  b e  

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



F u r t h e r   r e g a r d i n g   t h e   f l u i d i s e d   bed  c h a m b e r   28  

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

has   b e e n   d e s c r i b e d   as  b e i n g   d i v i d e d   i n t o   two  z o n e s   3 9 ,  

41,  t h e   l o w e r   r e g i o n   40  may  be  d i v i d e d   i n t o   more   t h a n  

two  s e p a r a t e   z o n e s   e a c h   one  of  w h i c h   may  be  s u p p l i e d  

w i t h   h e a t e d ,   or  c o o l e d   a i r   d e p e n d i n g   on  w h e t h e r   t h e  

a i r   i s   to   be  u s e d   f o r   e v a p o r a t i o n   of  w a t e r   or  c o o l i n g  

of  t h e   p r o d u c t   p o w d e r   p r i o r   to   d i s c h a r g e   t h r o u g h   t h e  

o u t l e t   d u c t   3 4 .  

S u i t a b l e   p o w d e r s   and  l i q u i d s   w h i c h   may  be  e m p l o y e d  

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

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

s p r a y i n g   s t a r c h   or  s t a r c h   d e r i v a t i v e s   w i t h   an  a l k a l i n e  

s o l u t i o n   or   w a t e r ; - s p r a y i n g   a n i m a l   f e e d   w i t h   m o l a s s e s  

and  f a t s ;   s p r a y i n g   m i l k   p o w d e r   w i t h   f a t   or  o i l - i n -  

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

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

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



1.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d  

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

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

s i z e   in   t h e   r a n g e   of   1  m i c r o n   to   1.0mm  as  a  s t r e a m   i n t o  

an  u p p e r   r e g i o n   of  a  m i x i n g   v e s s e l   ( 2 ) ,   e f f e c t i n g   w i t h i n  

t h e   m i x i n g   v e s s e l   (2 )   e n t r a i n m e n t   of   t h e   p o w d e r   s t r e a m  

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

in   a  s p r a y   zone   of  t h e   m i x i n g   v e s s e l   ( 2 ) ,   and  c o l l e c t i n g  

t h e   s p r a y e d   p o w d e r .  

2.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  

c l a i m e d   in   c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   i n t r o d u c i n g  

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

i s   c a r r i e d   o u t   at   a  t h r o u g h p u t   r a t e   in  t h e   r a n g e   of  20  t o  

100  k g / h o u r .  

3.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   as  c l a i m e d  

in   c l a i m   2,  c h a r a c t e r i z e d   in   t h a t   e n t r a i n m e n t   of  t h e  

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

h a v i n g   a  p r e s s u r e   in   t h e   r a n g e   of  0 . 3   b a r   to   5 .0   b a r  

s u p p l i e d   a t   a  t h r o u g h p u t   r a t e   in  t h e   r a n g e   of  12m3/h   t o  
3 0 m 3 / h .  

4.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  

c l a i m e d   in   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  

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

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

e x c e e d i n g   22  l i t r e s / h .  



5.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  

c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to   4,  c h a r a c t e r i z e d  

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

in  a  v i b r a t o r y   f l u i d i z e d   bed   c h a m b e r   p r o v i d e d   w i t h  

f l u i d i z i n g   a i r   to   g i v e   v e l o c i t i e s   in  t h e   r a n g e   of  0 . 2 m / s  

to   1 . 2 m / s   a f t e r   a  d w e l l   t i m e   of  t h e   s p r a y e d   p o w d e r   i n  

t h e   bed   c h a m b e r   of  2  to   5  m i n u t e s   f o r   a  d e p t h   of  b e d  

i n c l u d i n g   a i r   in   t h e   r a n g e   of  20mm  to  80  mm. 

6.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  

c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   5,  c h a r a c t e r i z e d  

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

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

in  a i r   t o w a r d s   t h e   s p r a y   z o n e .  

7.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  

c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   6  c h a r a c t e r i z e d  

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

s o l u t i o n .  

8.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  
c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   6  c h a r a c t e r i z e d   i n  

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

a l k a l i n e   s o l u t i o n   or  w a t e r .  

9.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  

c l a i m e d   in   a n y  o n e   of  c l a i m s   1  t o   6  c h a r a c t e r i z e d   i n  

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



10.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  

c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to  6  c h a r a c t e r i z e d   i n  

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

11.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d  

a s  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  6  c h a r a c t e r i z e d  

in  t h a t   a  d ry   p o w d e r   i s   s p r a y e d   w i t h   l i q u i d   to   e f f e c t  

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

12.  A  p r o c e s s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d   a s  

c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   6  c h a r a c t e r i z e d  

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

d e t e r g e n t s .  

13.  An  a p p a r a t u s   f o r   s p r a y i n g   a  p o w d e r   w i t h   l i q u i d  

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

v e s s e l   (2 )   h a v i n g   a l i g n e d   a x i a l l y   an  u p p e r   p o r t i o n   ( 4 )  

i n c l u d i n g   an  i n l e t   d u c t   ( 6 ) ,   a  l o w e r   p o r t i o n   ( 1 2 , 1 4 )  

i n c l u d i n g   an  o u t l e t   d u c t   ( 2 5 ) ,   and   a  s p r a y   z o n e   i n t e r -  

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

f o r  f e e d i n g   p o w d e r   i n t o   t h e   i n l e t   d u c t   (6)   of  t h e   m i x i n g  

v e s s e l   (2 )   h a v i n g   an  o u t l e t   d u c t   ( 2 0 )   a x i a l l y   a l i g n e d  

w i t h   t h e   i n l e t   d u c t   (6 )   and  t h e   s p r a y   zone   of  t h e  

m i x i n g   v e s s e l   ( 2 ) ,   a  v e n t u r i   d e v i c e   ( 2 2 )   a x i a l l y  

a l i g n e d   w i t h i n   t h e   u p p e r   p o r t i o n   (4)   of  t h e   m i x i n g  

v e s s e l   (2 )   i n t e r m e d i a t e   t h e   i n l e t   d u c t   (6)   and  t h e  

s p r a y   z o n e   a r r a n g e d   to   e f f e c t   e n t r a i n m e n t   of   t h e   p o w d e r  

in   a  s t r e a m   of   a i r ,   and  a  s p r a y   n o z z l e   ( 1 8 )   a x i a l l y  

a l i g n e d   w i t h i n   t h e   s p r a y   zone   a r r a n g e d   to   d i r e c t   a  

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

p o w d e r .  



14.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   13,  c h a r a c t e r i z e d  

i n  t h a t   t h e   o u t l e t   d u c t   ( 2 5 )   of  t h e   m i x i n g   v e s s e l   ( 2 )  
c o m m u n i c a t e s   w i t h   a  c o l l e c t i o n   means   ( 2 8 )   f o r   c o l l e c t i n g  

and  d r y i n g   t h e   p r o d u c t  p o w d e r   p r o d u c e d   in  t h e   m i x i n g  

v e s s e l   ( 2 ) .  

15.  An  a p p a r a t u s   as  c l a i m e d i n   c l a i m   14,  c h a r a c t e r i z e d  

in  t h a t   t h e   c o l l e c t i o n   means   ( 2 8 )   i s   a  v i b r a t o r y  

f l u i d i z e d   b e d  c h a m b e r .  

16.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   15,  c h a r a c t e r i z e d  

in  t h a t   t h e   v i b r a t o r y   f l u i d i z e d   bed   c h a m b e r   ( 2 8 )   i s  

p r o v i d e d   w i t h  a   p l u r a l i t y   of  d i s c r e t e   z o n e s   ( 3 9 , 4 1 )   i n t o  

w h i c h   f l u i d i z i n g   a i r   i s   f e d .  

17.  An  a p p a r a t u s   as  c l a i m e d  i n  c l a i m   16,  c h a r a c t e r i z e d  

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

e n t e r i n g   i n t o   s e l e c t e d   o n e s   of  t h e   d i s c r e t e   z o n e s   ( 3 9 , 4 1 )  

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

p o w d e r   w i t h i n   t h e   f l u i d i z i n g   bed   c h a m b e r   ( 2 8 ) .  

18.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m s   16  and  1 7 ,  

c h a r a c t e r i z e d   in   t h a t   c o o l i n g   means   a r e   p r o v i d e d   t o  

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

of  t h e   d i s c r e t e   z o n e s   ( 3 9 , 4 1 )   f o r   e f f e c t i n g   c o o l i n g   o f  

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

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



19.  An  a p p a r a t u s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   15  

to   18,   c h a r a c t e r i z e d   in   t h a t   t h e   v i b r a t o r y   f l u i d i z e d  

bed   c h a m b e r   ( 2 8 )   i n c l u d e s   a  r e s i l i e n t   means   ( 4 4 )   a n d  

a  s u p p o r t   ( 4 6 )   w h i c h   r e s i l i e n t   means   ( 4 4 )   a r e   a c t u a t e d  

by  a  m o t o r   ( 4 8 )   to  e f f e c t   v i b r a t o r y   m o t i o n   of   t h e  

f l u i d i z i n g   bed   c h a m b e r   ( 2 8 ) .  

20.   An  a p p a r a t u s   as  c l a i m e d   in   a n y  o n e   o f   c l a i m s   13  t o  

19,  c h a r a c t e r i z e d   in   t h a t   t h e   f e e d i n g   m e a n s   i s   a - s c r e w  

f e e d e r .  

21 .   An  a p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of   c l a i m s  

13  to   20  c h a r a c t e r i z e d   in   t h a t   t h e   v e n t u r i   d e v i c e   c o m -  

p r i s e s   an  i n l e 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   c h a m b e r  

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

of  a  t h r o a t ,   and  an  o u t l e t ,   t h e   t h r o a t   c o n v e y i n g  

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

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

t h e   p o w d e r   in   a i r .  

22.   An  a p p a r a t u s   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   13  t o  

21,  c h a r a c t e r i z e d   in   t h a t   a  g u i d e   member   i s   p o s i t i o n e d  

a x i a l l y   b e n e a t h   t h e   v e n t u r i   d e v i c e   ( 2 2 )   and  s u r r o u n d i n g  

t h e   s p r a y   n o z z l e   ( 1 8 )   to   g u i d e   t h e   p o w d e r   e n t r a i n e d   i n  

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

z o n e .  
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