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T h i s   i n v e n t i o n   r e l a t e s   to  s y s t e m s   f o r   s u p p l y i n g  

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

p o w d e r   s p r a y   guns   or  d i s p e n s e r s .   More  p a r t i c u l a r l y ,   i t  

is   c o n c e r n e d   w i t h   s u p p l y i n g   an  even   f l o w   of  p o w d e r   f r o m  

a  f l u i d i z e d   p o w d e r   s o u r c e   to   a  p o w d e r   s p r a y   gun  o r  

d i s p e n s e r .  

C h a r a c t e r i s t i c a l l y ,   p o w d e r   is   s u p p l i e d   to   a  

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

w i t h i n   w h i c h   t h e r e   is  a  p o w d e r   pump  c o n t a i n i n g   a  l o w  

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

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

p o w d e r   i s   s u p p l i e d   to   t h e   pump  from  a  f l u i d i z e d   b e d  

h o p p e r .   In  o r d e r   to   m e t e r   or  c o n t r o l   t h e   r a t e   of  f l o w  

of  p o w d e r   f rom  t h e   f l u i d i z e d   bed  i n t o   t h e   v e n t u r i  

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

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

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

a m o u n t   of  a i r   w h i c h   is  m i x e d   w i t h   t he   p o w d e r   e n t e r i n g  

t h e   pump,  and  c o n s e q u e n t l y   t h e   r a t e   of  f l o w   of  p o w d e r  

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

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

e j e c t e d   f rom  t h e   s p r a y   gun  of  t h e   s y s t e m   c o m m o n l y   f l o w s  

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

c l o u d s   of  p o w d e r   e j e c t e d   f rom  t h e   gun  and  p e r i o d i c  

r e d u c t i o n s   in  t he   d e n s i t y   of  p o w d e r   e j e c t e d   f rom  t h e  

gun .   Such   p e r i o d i c   i n c r e a s e s   or  d e c r e a s e s   in  p o w d e r  

d e n s i t y   s p r a y e d   from  t h e   gun  r e s u l t   in  u n e v e n  

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

t he   p o w d e r   is   a p p l i e d .   C o n s e q u e n t l y ,   s u c h   r a n d o m  

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



T h e r e   h a v e   b e e n   n u m e r o u s   a t t e m p t s   to  m i n i m i z e  

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

s p r a y e d   f rom  a  p o w d e r   s p r a y   gun .   Such  a t t e m p t s   h a v e  

t a k e n   t h e   form  of  c h a n g e s   in  t h e   d e s i g n   of  t he   p o w d e r  

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

t h e   p o w d e r   pump,  e t c .   Most   of  t h e s e   c h a n g e s   h a v e  

i m p r o v e d   t h e   s i t u a t i o n   s o m e w h a t ,   b u t   h a v e   not   c u r e d   t h e  

p r o b l e m .  

I t   has   b e e n   an  o b j e c t i v e   of  t h i s   i n v e n t i o n   t o  

p r o v i d e   an  i m p r o v e d   p o w d e r   s p r a y   s y s t e m   w h e r e i n  

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

p o w d e r   d i s p e n s e d   f rom  a  p o w d e r   s p r a y   gun  or  d i s p e n s e r  

of  t h e   s y s t e m   a r e   m i n i m i z e d   or  e l i m i n a t e d .  

T h i s   i n v e n t i o n   i s   in  p a r t   p r e d i c a t e d   upon  t h e  

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

a  p o w d e r   s p r a y   gun  or  d i s p e n s e r   of  a  p o w d e r   s p r a y  

s y s t e m   is  t he   c o n f i g u r a t i o n   of  t h e   s y s t e m   b e t w e e n   t h e  

f l u i d i z e d   bed  s o u r c e   of  p o w d e r   and  t h e   d i s p e n s i n g   g u n .  
T h a t   p o r t i o n   of  t he   s y s t e m   has   h e r e t o f o r e   s i m p l y  

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

t h e   f l u i d i z e d   bed  to  a  p o w d e r   pump,  t he   pump,  and  a  

l o n g   s u p p l y   h o s e   c o n n e c t i n g   t h e   pump  to  t h e   gun .   I t  

h a s   t h e r e f o r e   b e e n   an  o b j e c t i v e   of  t h i s   i n v e n t i o n   t o  

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

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

of  t h e   s y s t e m .  
T h e s e   o b j e c t i v e s   a r e   a c h i e v e d ,   in  a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   by  s u p p l y i n g   p o w d e r   f rom  t he   p o w d e r  

pump  t h r o u g h   a  h o s e   to   an  a u x i l i a r y   f l u i d i z e d   bed  o f  

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

s u p p l y i n g   t h e   p o w d e r  t o   t h e   gun  f rom  t h e  a u x i l i a r y  
f l u i d i z e d   bed  t h r o u g h   an  a u x i l i a r y   p o w d e r   pump  and  a  

r e l a t i v e l y   s h o r t   h o s e .   By  u t i l i z i n g   an  a u x i l i a r y  



f l u i d i z e d   bed  and  an  a u x i l i a r y   p o w d e r   pump  l o c a t e d   n e a r  

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

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

h o s e   b e t w e e n   t h e   pump  and  t h e   gun ,   and  to   a  v a r y i n g  

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

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

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

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

a r e ,   we  h a v e   f o u n d ,   a t t r i b u t a b l e   to   two  s o u r c e s .   T h e s e  

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

f l u i d i z e d   bed  s o u r c e   of  p o w d e r   to   t h e   s y s t e m .   A  l o n g  
h o s e   b e t w e e n   t h e   pump  and  t h e   gun  c r e a t e s   f l o w  

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

i n e v i t a b l y   o c c u r   in  such   l o n o   h o s e s .   Powder   c o l l e c t s  

in  t h e s e   l o o p s   or  c u r v e s   and  e v e n t u a l l y   r e s t r i c t s   f l o w  

t h r o u g h   t h e   h o s e   u n t i l   a  p r e s s u r e   b u i l d - u p   b e h i n d   t h e  

p o w d e r   r e s t r i c t i o n   b r e a k s   t h e   r e s t r i c t i o n   away  a n d  

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

t h e   gun  w h i l e   s i m u l t a n e o u s l y   c a u s i n g   a  p r e s s u r e  
i n c r e a s e   in  t h e   h o s e   and  a  r e s u l t i n g   i n c r e a s e   in  t h e  

f l o w   of  p o w d e r   to   t h e   gun .   T h e r e a f t e r ,   t he   p o w d e r  

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

h o s e   f rom  w h i c h   i t   had  j u s t   b r o k e n   away,   u n t i l   i t   f o r m s  

a  r e s t r i c t i o n   in   t h e   h o s e ,   b r e a k s   f r e e ,   c a u s e s   a n o t h e r  

p u f f   of  p o w d e r ,   e t c .  

The  o t h e r   p r i m a r y   s o u r c e   of  v a r y i n g   f l ow  f rom  a  

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

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

f l u i d i z e d   bed  s o u r c e   of  p o w d e r ,   c a u s e s   f low  v a r i a n c e s  

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

d r a w   p o w d e r   i n t o   t h e   p o w d e r   pump  as  t h e   p o w d e r   l e v e l  

c h a n g e s   in  t h e   f l u i d i z e d   b e d .   In  f a c t   t h o u g h ,   t h e  



v a c u u m   w i t h i n   t h e   pump  t e n d i n g   to  d r a w   p o w d e r   i n t o   t h e  

pump  d o e s   no t   c h a n g e   w i t h   t he   d i f f e r i n g   l e v e l   of  p o w d e r  
in  t h e   f l u i d i z e d   bed  h o p p e r .   I n s t e a d ,   t h e   v a c u u m  

p r e s s u r e   r e m a i n s   t h e   same  b u t   t he   q u a n t i t y   of  p o w d e r  
d r a w n   i n t o   t h e   pump  c h a n g e s   as  t h e   l e v e l   of  p o w d e r   i n  

t h e   h o p p e r   c h a n g e s .  

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

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

f l u i d i z e d   bed  h o p p e r   l o c a t e d   a d j a c e n t   or  n e a r   t h e  

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

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

h o p p e r   to   t h e   a u x i l i a r y   h o p p e r   and  an  a u x i l i a r y   v e n t u r i  

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

p o w d e r   f rom  the   a u x i l i a r y   h o p p e r   to   a  d i s p e n s i n g   g u n .  
T h e r e   is  p r e f e r a b l y   a l s o   an  o v e r f l o w   p i p e   w h i c h   e x t e n d s  

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

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

t h e   a u x i l i a r y   h o p p e r .  

The  p r a c t i c e   of  t h i s   i n v e n t i o n   w i t h   i t s   use  o f  

an  a u x i l i a r y   f l u i d i z e d   bed  h o p p e r   and  an  a u x i l i a r y  
v e n t u r i   pump  l o c a t e d   c l o s e l y   a d j a c e n t   t h e   p o w d e r   s p r a y  

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

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

h o p p e r   do  no t   a f f e c t   t h e   f l ow  r a t e   b e t w e e n   t h e  

a u x i l i a r y   p o w d e r   pump  and  the   s p r a y   g u n .   F u r t h e r m o r e ,  
t h e   u se   of  an  o v e r f l o w   p i p e   b e t w e e n   t h e   a u x i l i a r y  
f l u i d i z e d   bed  h o p p e r   and  t he   p r i m a r y   f l u i d i z e d   b e d  

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

h o p p e r   to  be  m a i n t a i n e d   a t   a  f i x e d   l e v e l   so  l o n g   as  a n  

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



f l u i d i z e d   b e d .   T h e r e b y ,   f l ow  v a r i a n c e s   a t t r i b u t a b l e   t o  

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

e l i m i n a t e d .  

The  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   b y  

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 ,   w h i c h   is   a  s c h e m a t i c   v i ew   of  a  p o w d e r   s p r a y  
a p p a r a t u s   i n c o r p o r a t i n g   an  a u x i l i a r y   p o w d e r   h o p p e r   a n d  

a u x i l i a r y   p o w d e r   p u m p .  
R e f e r r i n g   to  t he   d r a w i n g ,   a  p o w d e r   s p r a y   s y s t e m  

10  is  shown  f o r   d i s p e n s i n g   s o l i d   p a r t i c u l a t e   p o w d e r  
m a t e r i a l   f rom  a  p l u r a l i t y   of  s p r a y   guns   12.  T h r e e   g u n s  
12  a r e   i l l u s t r a t e d   b u t   t h e   s y s t e m   is   e q u a l l y   a p p l i c a b l e  

to  t h e   s p r a y i n g   of  p o w d e r   f rom  a  s i n g l e   gun  or  f rom  a  

s u b s t a n t i a l l y   g r e a t e r   number   of  guns   12.  The  guns   12  

p e r   se  form  no  p a r t   of  t he   i n v e n t i o n   of  t h i s  

a p p l i c a t i o n   and  a r e   w e l l   known  in  t h e   p r i o r   a r t .   O n e  

s u c h   gun  w h i c h   is   s u i t a b l e   fo r   use   in  t h i s   a p p l i c a t i o n  

is  i l l u s t r a t e d   and  d e s c r i b e d   in  our   U .S .   P a t e n t   N o .  

4 , 3 8 0 , 3 2 0 .  

The  a p p a r a t u s ,   in  a d d i t i o n   to   t h e   guns   1 2 ,  

c o m p r i s e s   a  p r i m a r y   or  s u p p l y   h o p p e r   14,  an  a u x i l i a r y  

h o p p e r   16,  as  w e l l   as  a  p r i m a r y   p n e u m a t i c   pump  18  f o r  

p u m p i n g   p o w d e r   f rom  t h e   p r i m a r y   h o p p e r   14  to   t h e  

a u x i l i a r y   16,  and  a  p l u r a l i t y   of  a u x i l i a r y   p n e u m a t i c  

pumps  20  f o r   p u m p i n g   p o w d e r   f rom  t h e   a u x i l i a r y   h o p p e r  

16  to   t h e   guns   12.  The  p n e u m a t i c   pumps  18  and  20  a r e  

c o n v e n t i o n a l   p o w d e r   pumps  w h i c h   p e r   s e  f o r m   no  p a r t   o f  

t h e   i n v e n t i o n   of  t h i s   a p p l i c a t i o n .   One  s u c h   pump  w h i c h  

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

and  d e s c r i b e d   in  our   U .S .   P a t e n t   No.  3 , 7 4 6 , 2 5 4 ,   and  a  

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

and  d e s c r i b e d   in  our   c o - p e n d i n g   p a t e n t   a p p l i c a t i o n  

S e r i a l   No.  8 5 3 0 7 0 5 4 . 8 ,   f i l e d   2nd  O c t o b e r ,   1985  a n d  



e n t i t l e d   " I m p r o v e d   V e n t u r i   Powde r   Pump" ,   a l s o   a s s i g n e d  

to   t he   a s s i g n e e   of  t h i s   a p p l i c a t i o n .  

The  h o p p e r s   14  and  16  a r e   a l s o   c o n v e n t i o n a l  

f l u i d i z i n g   bed  h o p p e r s   and  p e r   se  fo rm  no  p a r t   of  t h e  

i n v e n t i o n   of  t h i s   a p p l i c a t i o n .   B o t h   of  t h e s e   h o p p e r s  

14,  16  h a v e   an  e n c l o s e d   c h a m b e r   24  in  t h e   b a s e   of  t h e  

h o p p e r   and  an  a i r   p e r v i o u s   c e i l i n g   26  in  t he   c h a m b e r .  

When  h i g h   p r e s s u r e   a i r   is  a d m i t t e d   i n t o   t he   i n l e t   28  o f  

t h e   c h a m b e r s   24,  s u c h   a i r   p a s s e s   t h r o u g h   t h e   c e i l i n g   26  

of  t he   c l o s e d   c h a m b e r   24  and  is  o p e r a t i v e   to  f l u i d i z e  

p o w d e r   30  c o n t a i n e d   in  t h e   h o p p e r   a b o v e   t h e   c l o s e d  

c h a m b e r   2 4 .  

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

a u x i l i a r y   h o p p e r   i s   much  s m a l l e r   in  s i z e   and  c a p a c i t y  

t h a n   i s   t he   s u p p l y   h o p p e r   14.  In  one  p r e f e r r e d  

e m b o d i m e n t   w h e r e i n   t h e   a u x i l i a r y   h o p p e r   16  s u p p l i e s  

p o w d e r   to  e i g h t   guns   12,  t h e   a u x i l i a r y   h c p p e r   16  has   a 
v o l u m e   e q u a l   to  a p p r o x i m a t e l y   1 / 1 6 t h   t he   vo lume   of  t h e  

s u p p l y   h o p p e r   1 4 .  

The  two  h o p p e r s   14  and  16  a l s o   d i f f e r   in  t h a t  

t h e   s u p p l y   h o p p e r   14  has   a  v e n t   34  in  i t s   top   w a l l  

w h i l e   t h e   a u x i l i a r y   h o p p e r   has   no  s u c h   v e n t .   I n s t e a d ,  

t h e   a u x i l i a r y   h o p p e r   16  i s   v e n t e d   v i a   an  o v e r f l o w   t u b e  

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

h o p p e r   16  d o w n w a r d l y   t h r o u g h   t h e   c l o s e d   c h a m b e r   24  o f  

t h e   h o p p e r   16  and  t h r o u g h   t h e   t o p   w a l l   38  of  t h e   s u p p l y  

h o p p e r   14.  As  e x p l a i n e d   more  f u l l y   h e r e i n a f t e r ,   t h i s  

o v e r f l o w   t u b e   36  f u n c t i o n s   to  v e n t   t h e   a u x i l i a r y   h o p p e r  
16  as  w e l l   as  to   t r a n s p o r t   a l l   e x c e s s   p o w d e r   f rom  t h e  

a u x i l i a r y   h o p p e r   16  back   to   t he   s u p p l y   h o p p e r .   T h i s  

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

of  f l u i d i z e d   p o w d e r   w i t h i n   t he   a u x i l i a r y   h o p p e r   1 6 .  

The  p o w d e r   pumps  18  and  20  a r e   a l l   i d e n t i c a l  



e x c e p t   t h a t   t h e   p o w d e r   pumps  20  of  t h e   a u x i l i a r y   h o p p e r  

may  be  of  s m a l l e r   c a p a c i t y   t h a n   t h e   pump  18  of  t h e  

s u p p l y   h o p p e r   14.  Each  of  t h e s e   p o w d e r   pumps  has   a n  

i n l e t   p o r t   40,  an  o u t l e t   p o r t   42,  and  an  a t o m i z i n g   a i r  

i n l e t   p o r t   44.   A d d i t i o n a l l y ,   e a c h   of  t h e s e   pumps  h a s   a  

p o w d e r   f l o w   p a s s a g e   46  t h e r e i n   t h r o u g h   w h i c h   p o w d e r   i s  

d r a w n   i n t o   a  v e n t u r i   p u m p i n g   c h a m b e r   48  of  t h e   pump  v i a  

a  s i p h o n   t u b e   50  w h i c h   c o n n e c t s   t h e   i n l e t   52  of  t h e  

p o w d e r   f l o w   p a s s a g e   46  to  t h e   f l u i d i z e d   bed  30  o f  

p o w d e r   f rom  w h i c h   t he   pump  d r a w s   p o w d e r .   The  s u p p l y  

h o p p e r   pump  18  d r a w s   p o w d e r   from  t h e   h o p p e r   14  a n d  

pumps  i t   i n t o   t h e   a u x i l i a r y   h o p p e r   16  v i a   a  t r a n s f e r  

c o n d u i t   54  w h i l e   t h e   a u x i l i a r y   h o p p e r   pumps  20  d r a w  

p o w d e r   f rom  t h e   a u x i l i a r y   h o p p e r   16  and  pump  i t   to   t h e  

d i s p e n s i n g   guns   12  v i a   s h o r t   t r a n s f e r   h o s e s   5 6 .  

The  i n l e t   p o r t s   40  of  t he   pumps  18,  20  a r e  
c o n n e c t e d   v i a   a i r   l i n e s   58  to   a  s o u r c e   of  h i g h   p r e s s u r e  
a i r   60  w h i l e   t he   a t o m i z i n g   a i r   i n l e t   p o r t s   44  of  t h e  

pumps  a r e   c o n n e c t e d   to   t he   same  h i g h   p r e s s u r e   a i r  

s o u r c e   v i a   a i r   l i n e s   62.  I n t e r n a l l y   of  e a c h   pump  t h e r e  
is   a  s m a l l   a i r   o r i f i c e   t h r o u g h   w h i c h   t h e   h i g h   p r e s s u r e  
a i r   f rom  t h e   s o u r c e   60  f l o w s   i n t o   t h e   v e n t u r i   p u m p i n g  

c h a m b e r   48  so  as  to   c r e a t e   a  low  p r e s s u r e   w i t h i n   t h a t  

v e n t u r i   p u m p i n g   c h a m b e r .   T h a t   low  p r e s s u r e   i s  

o p e r a t i v e   to   d r aw  p o w d e r   v i a   t h e   s i p h o n   t u b e s   5 0  

u p w a r d l y   i n t o   t h e   v e n t u r i   p u m p i n g   c h a m b e r s   48  of  t h e  

pumps  s u c h   t h a t   t h e   p o w d e r   can  t h e n   be  t r a n s p o r t e d   v i a  

t he   h o s e   54  f rom  t h e   pump  18  to   t h e   h o p p e r   16,  or  i n  

t h e   c a s e   of  t h e   pumps  20,  v i a   t h e   h o s e s   56  to   t h e  

d i s p e n s i n g   guns   1 2 .  

As  is   e x p l a i n e d   more  f u l l y   in  t he   a b o v e  

i d e n t i f i e d   U .S .   P a t e n t   No.  3 , 7 4 6 , 2 5 4 ,   or  in  o u r  

c o - p e n d i n g   a p p l i c a t i o n   S e r i a l   No.  8 5 3 0 7 0 5 4 . 8 ,   t h e  

p r e s s u r e   of  a i r   s u p p l i e d   to   t h e   p o r t   40  c o n t r o l s   t h e  



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

t u b e   i n t o   t he   v e n t u r i   p u m p i n g   c h a m b e r   48  of  the   p u m p ,  

and  t h e   p r e s s u r e   of  a i r   s u p p l i e d   to   p o r t   44  c o n t r o l s  

t h e   r a t i o   of  a i r   to   p o w d e r   mix  w i t h i n   t h e   t he   p u m p .  

T y p i c a l l y ,   e a c h   of  t h e   a i r   l i n e s   58,  62  c o n t a i n s   a  

p r e s s u r e   r e g u l a t o r   ( n o t   shown)   t h r o u g h   w h i c h   the   a i r  

p r e s s u r e   s u p p l i e d   to   t h e   i n l e t   p o r t s   44  may  be  a d j u s t e d  

so  as  to   c o n t r o l   t h e   a m o u n t   of  vacuum  d r a w n   w i t h i n   t h e  

v e n t u r i   p u m p i n g   c h a m b e r   48  of  t he   pump  and  t h e   r e l a t i v e  

a i r   to   p o w d e r   mix  s u p p l i e d   to  the   v e n t u r i   c h a m b e r  

t h r o u g h   t h e   p o w d e r   f l ow  p a s s a g e   46  of  t h e   p u m p .  
In  o p e r a t i o n   of  t he   p o w d e r   d i s p e n s i n g   s y s t e m  

10,  h i g h   p r e s s u r e   a i r   is   s u p p l i e d   f rom  t h e   s o u r c e   60  t o  

t h e   i n l e t   p o r t s   40,  44  of  t he   p o w d e r   pumps  18,  20,  a n d  

to   t h e   i n l e t   p o r t s   28  of  t h e   a i r   c h a m b e r s   24  of  t h e  

h o p p e r s   14  and  16.  The  h i g h   p r e s s u r e   a i r   s u p p l i e d   t o  

t h e   i n l e t   p o r t   28  of  t h e   h o p p e r s   14,  16  is   o p e r a t i v e   t o  

f l u i d i z e   a l l   of  t he   p o n d e r   30  c o n t a i n e d   in  t he   s u p p l y  

h o p p e r   14  and  t he   a u x i l i a r y   h o p p e r   16.  The  f l u i d i z e d  

p o w d e r   30  in  t he   s u p p l y   h o p p e r   14  is  d r awn   v ia   t h e  

s i p h o n   t u b e   50  u p w a r d l y   i n t o   t h e   v e n t u r i   p u m p i n g  

c h a m b e r   48  of  t he   pump  18.  T h i s   p o w d e r   is  t h e n  

t r a n s p o r t e d   f rom  t h e   s u p p l y   h o p p e r   pump  18  v i a   t h e  

r e l a t i v e l y   long   t r a n s f e r   h o s e   54  to  t he   p o w d e r   i n l e t   68  

of  t h e   a u x i l i a r y   h o p p e r   16.  The  f l u i d i z e d   p o w d e r   i n  

t h e   a u x i l i a r y   h o p p e r   16  i s   in  t u r n   pumped  by  t h e  

a u x i l i a r y   pump  20  to   t h e   d i s p e n s e r   guns   12  v i a   t h e  

r e l a t i v e l y   s h o r t   h o s e s   56.  In  p r a c t i c e ,   an  e x c e s s  

q u a n t i t y   of  p o w d e r   is  pumped  from  t he   p r i m a r y   or  s u p p l y  

h o p p e r   14  to   the   a u x i l i a r y   h o p p e r   16,  w h i c h   e x c e s s   i s  

g r e a t e r   t h a n   t he   c a p a c i t y   of  a l l   of  t he   pumps  20.  As  a 
r e s u l t ,   e x c e s s   f l u i d i z e d   p o w d e r   f l o w s   t h r o u g h   the   i n l e t  

70  of  t he   o v e r - f l o w   t u b e   36  b a c k   to  t h e   s u p p l y   h o p p e r  



14.  The  l e v e l   of  p o w d e r   w i t h i n   t he   a u x i l i a r y   h o p p e r   16 

is   t h u s   a l w a y s   m a i n t a i n e d   at   a  f i x e d   l e v e l ,   t h a t   of  t h e  

top   edge   of  t h e   i n l e t   70  of  t h e   o v e r f l o w   t u b e .  

A  p o w d e r   pump  72  may  be  a s s o c i a t e d   w i t h   t h e  

o v e r f l o w   l i n e   36  in  t he   e v e n t   t h a t   g r a v i t y   i s  

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

p r i m a r y   h o p p e r .   Such  a  pump  may  be  r e q u i r e d   i n  

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

b e t w e e n   the   two  h o p p e r s   or  w h e r e   t h e   p r i m a r y   h o p p e r   i s  

no t   l o c a t e d   b e n e a t h   the   a u x i l i a r y   h o p p e r .   In  the   e v e n t  

t h a t   a  p o w d e r   pump  72  is  a s s o c i a t e d   w i t h   t he   o v e r f l o w  

l i n e   36,  a  v e n t   ( n o t   shown)   wou ld   be  p r o v i d e d   in  t h e  

t op   of  t he   a u x i l i a r y   h o p p e r   in  o r d e r   to  m a i n t a i n  

a m b i e n t   p r e s s u r e   in  t he   a u x i l i a r y   h o p p e r .  

P r i o r   to   t h i s   i n v e n t i o n ,   i t   has   been   t h e  

p r a c t i c e   to  pump  p o w d e r   d i r e c t l y   f rom  the   s u p p l y   o r  

p r i m a r y   h o p p e r   14  to  t he   guns   12.  T h e r e   was  n o  

i n t e r m e d i a t e   or  a u x i l i a r y   h o p p e r   16  in  the   s y s t e m .   We 

h a v e   found   t h a t   t h e   long   h o s e s   wh ich   h e r e t o   e x t e n d e d  

from  the   s u p p l y   h o p p e r   18  to  t he   g u n s ,   as  w e l l   as  t h e  

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

h o p p e r   14,  b o t h   c o n t r i b u t e d   to  and  c r e a t e d   a  p r o b l e m   o f  

v a r y i n g   p o w d e r   f l ow  from  t h e   g u n s .   S p e c i f i c a l l y ,   we 

h a v e   f o u n d   t h a t   a  l ong   h o s e   e x t e n d i n g   from  the   pump  o f  

t he   s u p p l y   h o p p e r   to   t h e   gun  had  n u m e r o u s   c u r v e d   o r  

l o o p e d   s e c t i o n s   w h e r e i n   p o w d e r   c o l l e c t e d   and  t e n d e d   t o  

r e s t r i c t   f l o w   t h r o u g h   t h e   l o n g   h o s e .   T h i s   r e s t r i c t e d  

f low  in  t u r n   c a u s e d   a  p r e s s u r e   d r o p   in  the   hose   to  t h e  

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

b e i n g   pumped  f rom  the   s u p p l y   h o p p e r   to  the   g u n .  

P e r i o d i c a l l y   t h r o u g h ,   t he   p r e s s u r e   b e h i n d   the   p o w d e r  

c r e a t e d   r e s t r i c t i o n   b u i l t   up  to  =he  p o i n t   t h a t   i t  

c a u s e d   t h e   r e s t r i c t i o n   to  b r e a k ,   t h e r e b y   c a u s i n g   a  h i g h  



d e n s i t y   p u f f   of  p o w d e r   to   be  d i s p e n s e d   f rom  t h e   g u n .  

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

f l ow  of  a i r   and  p o w d e r   f rom  t h e   pump  to  t h e   gun  b e c a u s e  

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

Then  t h e   r e s t r i c t i o n   wou ld   a g a i n   b u i l d   up  in  t h e   h o s e  

at  t he   same  p o i n t   at   w h i c h   i t   had   j u s t   b r o k e n   f r e e   a n d  

t he   p r o c e s s   was  r e p e a t e d .  

We  h a v e   f o u n d   t h a t   by  u t i l i z i n g   t h e   a u x i l i a r y  

h o p p e r   16  b e t w e e n   t h e   s u p p l y   h o p p e r   and  t h e   g u n s ,   a n d  

p r e f e r a b l y   c l o s e   to   t he   g u n s ,   t he   e r r a t i c   p o w d e r   f l o w  

f rom  t h e   g u n s   c r e a t e d   by  t h e s e   p o w d e r   c r e a t e d  

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

e l i m i n a t e d .   We  h a v e   a l s o   f o u n d   t h a t   t h e   use   of  t h e  

a u x i l i a r y   h o p p e r   16  a s s i s t s   in  m a i n t a i n i n g   an  even   f l o w  

of  p o w d e r   f rom  t h e   guns   20  by  m a i n t a i n i n g   a  f i x e d   l e v e l  

of  p o w d e r   in  t he   h o p p e r   f rom  w h i c h   p o w d e r   is   s u p p l i e d  

to  t h e   guns   20.  The  l e v e l   of  p o w d e r   in  t h e   s u p p l y  

h o p p e r   is   s u b j e c t   to   c h a n g e ,   and  t h a t   c h a n g e ,   p r i o .   t o  

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

guns   20.  T h e s e   c h a n g i n g   p o w d e r   f l o w s   were   t he   r e s u l t  

of  t h e   c h a n g i n g   a i r   p r e s s u r e   r e q u i r e d   to   d raw  p o w d e r  
from  t he   f l u i d i z e d   bed  of  p o w d e r   i n t o   t h e   v e n t u r i  

p u m p i n g   c h a m b e r   48  of  t h e   pump.   As  t h e   l e v e l   of  p o w d e r  

in  t h e   f l u i d i z e d   bed  is   l o w e r e d   a  g r e a t e r   vacuum  i s  

r e q u i r e d   to   p u l l   p o w d e r   f rom  t h a t   bed  i n t o   t h e   v e n t u r i  

c h a m b e r   or  as  t h e   l e v e l   i s   r a i s e d   a  l e s s e r   vacuum  i s  

r e q u i r e d .   B u t ,   t h e   vacuum  in  t h e   v e n t u r i   p u m p i n g  
c h a m b e r   of  t h e   pump  d o e s   n o t   c h a n g e   w i t h   c h a n g i n g  

l e v e l s   of  p o w d e r   in  t h e   f l u i d i z e d   b e d .   I n s t e a d ,   t h e  

p o w d e r   f l o w   f rom  t he   pump  v a r i e s .   By  u t i l i z i n g   t h e  

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

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

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



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

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

h a v i n g   an  i n t e r i o r   c h a m b e r   a d a p t e d   to   r e c e i v e   a n d  

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

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

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

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

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

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

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

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

c h a r a c t e r i s e d   in  t h a t   an  a u x i l i a r y   f l u i d i z e d   bed  h o p p e r  

(16)   h a v i n g   an  i n t e r i o r   c h a m b e r   of  s u b s t a n t i a l l y   l e s s  

c a p a c i t y   t h a n   t h e   i n t e r i o r   c h a m b e r   of  t he   p r i m a r y  

h o p p e r ,   i s   p r o v i d e d ,   t he   o u t l e t   p o r t   of  t he   p r i m a r y  

p o w d e r   pump  :>eing  c o n n e c t e d   to  t he   i n t e r i o r   c h a m b e r  

(24)   of  t he   a u x i l i a r y   h o p p e r ,   and  in  t h a t   at  l e a s t   o n e  

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

a  low  p r e s s u r e   v e n t u r i   p u m p i n g   c h a m b e r   (48)   c o n t a i n e d  

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

v e n t u r i   p u m p i n g   c h a m b e r ,   t he   p o w d e r   f low  p a s s a g e   ( 4 6 )  

of  t h e   a u x i l i a r y   p o w d e r   pump  h a v i n g   an  i n l e t   ( 5 2 )  

c o n n e c t e d   v i a   a  s i p h o n   t u b e   (50)   to  t he   i n t e r i o r  

c h a m b e r   (24)   of  t h e   a u x i l i a r y   h o p p e r   ( 1 6 ) ,   t h e   o u t l e t  

p o r t   of  t h e   a u x i l i a r y   p o w d e r   pump  b e i n g   c o n n e c t e d   to   a  

p o w d e r   d i s p e n s e r .  

2.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   1  i n c l u d i n g   a  

p l u r a l i t y   of  a u x i l i a r y   p o w d e r   pumps  and  a  p l u r a l i t y   o f  

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

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

and  e a c h   of  t h e   a u x i l i a r y   p o w d e r   pumps  h a v i n g   an  o u t l e t  



p o r t   c o n n e c t e d   v i a   c o n d u i t   means   to   one  of  t h e   p o w d e r  

d i s p e n s e r s .  

3.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   1  or  2  i n c l u d i n g  

means  f o r   m a i n t a i n i n g   a  c o n s t a n t   l e v e l   of  f l u i d i z e d  

p o w d e r   in  t he   a u x i l i a r y   h o p p e r .  

4.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   3  w h e r e i n   t h e  

means   f o r   m a i n t a i n i n g   a  c o n s t a n t   l e v e l   of  f l u i d i z e d  

p o w d e r   in  t he   a u x i l i a r y   h o p p e r   c o m p r i s e s   an  o v e r f l o w  

t u b e   e x t e n d i n g   b e t w e e n   t h e   a u x i l i a r y   h o p p e r   and  t h e  

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

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

of  t he   a u x i l i a r y   h o p p e r .  

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

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

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

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

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

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

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

h o p p e r   i n t o   s a i d   a u x i l i a r y   h o p p e r ,   means   fo r   f l u i d i z i n g  

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

h o p p e r   i n t o   s a i d   a u x i l i a r y   h o p p e r ,   means   f o r   f l u i d i z i n g  

s a i d   s o l i d   p a r t i c u l a t e   m a t e r i a l   in  s a i d   a u x i l i a r y  

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

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

d i s p e n s e r .  

6.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   5  w h e r e i n   t h e  

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

s a i d   p r i m a r y   h o p p e r   to   s a i d   a u x i l i a r y   h o p p e r   i s  

o p e r a b l e   to   pump  a  g r e a t e r   q u a n t i t y   of  s o l i d  

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

t h a n   is  pumped  f rom  s a i d   a u x i l i a r y   h o p p e r   to   s a i d  

d i s p e n s e r ,   and  means   f o r   t r a n s p o r t i n g   e x c e s s   s o l i d  



p a r t i c u l a t e   m a t e r i a l   f rom  s a i d   a u x i l i a r y   h o p p e r   to  s a i d  

p r i m a r y   h o p p e r   so  as  to  m a i n t a i n   a  s u b s t a n t i a l l y  

c o n s t a n t   l e v e l   of  f l u i d i z e d   p o w d e r   in  s a i d   a u x i l i a r y  

h o p p e r .  

7.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   5  w h e r e i n   s a i d  

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

s a i d   p r i m a r y   h o p p e r   to   s a i d   a u x i l i a r y   h o p p e r   is  a  f i r s t  

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

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

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

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

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

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

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

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

m a t e r i a l ,   a  s u b s t a n t i a l l y   s m a l l e r   c a p a c i t y   a u x i l i a r y  

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

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

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

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

a  p l u r a l i t y   of  p o w d e r   pumps ,   e ach   of  s a i d   p o w d e r   p u m p s  

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

f rom  s a i d   a u x i l i a r y   h o p p e r   to   one  of  s a i d   p o w d e r  

d i s p e n s e r s .  

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

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

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

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

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

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

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

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

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



to   a  p o w d e r   d i s p e n s e r .  

10.  A  m e t h o d   as  c l a i m e d   in  C l a i m   9  w h i c h   c o m p r i s e s  

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

m a t e r i a l   f rom  s a i d   p r i m a r y   h o p p e r   to   s a i d   a u x i l i a r y  

h o p p e r   t h a n   i s   pumped  from  s a i d   a u x i l i a r y   h o p p e r   t o  

s a i d   d i s p e n s e r ,   and  t r a n s p o r t i n g   e x c e s s   s o l i d  

p a r t i c u l a t e   m a t e r i a l   f rom  s a i d   a u x i l i a r y   h o p p e r   to   s a i d  

p r i m a r y   h o p p e r   so  as  to  m a i n t a i n   a  s u b s t a n t i a l l y  

c o n s t a n t   l e v e l   of  f l u i d i z e d   p o w d e r   in  s a i d   a u x i l i a r y  

h o p p e r .  
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