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©  Method  of  and  apparatus  for  reclaiming  casting  sand. 
©  A  sand  reclamation  apparatus  having  an  air  nozzle 
jetting  a  blast  of  air  into  a  reclamation  tube  (101),  and  in  its 
passage  to  pick  up  resin  coated  sand  grains  to  spin  them  and 
project  them  into  the  tube  to  cause  such  a  scrubbing  and 
abrading  multi-collision  action  of  the  grains  between  the 
interior  of  the  tube  and  themselves  as  to  remove  the  coating. 
The  abraded  material  leaving  the  tube  contacts  a  target  to 
knock  off  resin  particles  which  electrostatically  cling  to  the 
sand  grains. 
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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  a  m e t h o d   of  and  a p p a r a t u s   f o r  

the   r e c l a m a t i o n   of  c a s t i n g   s a n d .  

One  p o p u l a r   m o d e r n   f o r m   of  m e t a l   c a s t i n g   makes   use  of  m o l d  

and  c o r e   p a r t s   ( h e r e i n a f t e r   mold   p a r t s )   made  up  of  s a n d  

p a r t i c l e s   b o n d e d   t o g e t h e r   by  a  b i n d e r ,   such   as  a  p h e n o l i c  

u r e t h a n e   r e s i n .   One  d i s a d v a n t a g e   of  t h i s   c a s t i n g   p r a c t i c e  

is  t h a t   t h e r e   has  been   p r a c t i c a l l y   no  way  of  e f f e c t i v e l y  

r e c l a i m i n g   the   sand   a f t e r   u s e ,   in  an  i n e x p e n s i v e   m a n n e r .  

C a s t i n g   sand  is  of  a  s p e c i a l   make  up,   and  t h u s   to  t h e  

e x t e n t   t h a t   i t   c a n n o t   be  r e c l a i m e d ,   two  e x p e n s e s   a r e  

i n v o l v e d ,   one ,   i n  o b t a i n i n g   r e p l a c e m e n t   s a n d ,   and  t w o ,  

d i s p o s i n g   of  the  r e s i n   b o n d e d   c h u n k s .  

A  p r i o r   sand  r e c l a i m i n g   m a c h i n e   o p e r a t e s   on  a  m u l t i p l e -  

c e l l  -   m u l t i p l e - p a s s   p r i n c i p l e   in  w h i c h ,   in  each   c e l l ,  

sand  is  b lown  by  low  p r e s s u r e   a i r ,   a r o u n d   0 . 2 1 1   kg /cm2  (3  

p o u n d s   per   s q u a r e   i n c h ) ,   a g a i n s t   a  t a r g e t ,   in  s a n d b l a s t  

f a s h i o n ,   a t t e m p t i n g   to  knock  o f f   the   b i n d e r   c o a t i n g   f r o m  

the  g r a i n s .   A  t y p i c a l   c e l l   of  such   a  m a c h i n e   has  a  b l o w e r  

t u b e   of  a p p r o x i m a t e l y   5 .08   cm  (two  i n c h e s )   in  d i a m e t e r  

b l o w i n g   sand  t h r o u g h   a  1 0 . 1 6   cm  ( f o u r   i n c h )   p i p e   on to   a  

t a r g e t .  

The  e f f e c t   of  b l o w i n g   the  sand  t h r o u g h   a  s i n g l e   c e l l   i s  

not  at  a l l   e f f e c t i v e   in  c l e a n s i n g   the   sand   g r a i n s ,   so  t h a t  

a  s e r i e s   of  c e l l s   a re   p r o v i d e d ,   in  some  i n s t a n c e s   up  t o  



e i g h t ,   in  w h i c h   sand  f rom  a  f i r s t   c e l l   is  c o n d u c t e d   to  t h e  

s e c o n d   c e l l ,   and  t hen   t h r o u g h   the   r e m a i n i n g   c e l l s   i n  

s e r i a l   f a s h i o n .   Even  t h i s   is  no t   e n o u g h ,   so  t h a t   the   s a n d  

m u s t   be  r e r o u t e d   t h r o u g h   the   s e r i e s   of  c e l l s   in  m u l t i p l e -  

p a s s   f a s h i o n .   W h i l e   the  m a c h i n e   w o r k s   to  an  e x t e n t ,   i t   i s  

e x p e n s i v e   and  s l o w   a c t i n g ,   and  the   sand  r e c o v e r y   i s  

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

S i n c e ,   in  the   m u l t i p l e - p a s s   m a c h i n e ,   d e s c r i b e d   a b o v e ,  

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

been   t h o u g h t   i m p r a c t i c a l   to  go  to  a  h i g h e r   a i r   p r e s s u r e ,  
b e c a u s e   i t   has   been  a s s u m e d   t h a t   w i t h   h i g h e r   p r e s s u r e s ,  
t he   f r a c t u r e   of  the   sand  g r a i n s   w o u l d   be  so  s u b s t a n t i a l   a s  

to  make  t he   m a c h i n e   u n w o r k a b l e .  

H o w e v e r ,   i t   has  now  been  d i s c o v e r e d   t h a t   t he   b i n d e r  

c o a t i n g   can  be  e f f e c t i v e l y   r e m o v e d   f r o m   sand  in  a  one  p a s s  

s y s t e m   h a v i n g  a  s i n g l e   c e l l   and  u t i l i z i n g   wha t   w o u l d   b e  

c o n s i d e r e d   h i g h   p r e s s u r e ,   in  t h e   r a n g e   of  3 . 5 1  -   4 . 2 2  

kg /cm2   ( 5 0  -   60  p o u n d s   per   s q u a r e   i n c h ) .   I n s t e a d   o f  

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

t u b e   i n t o   a  p i p e ,   a  n o z z l e   is  u s e d   and  is  so  s p a c e d   f r o m  

the   n o z z l e   a  r e l a t i v e l y   long   t u b e   t h a t   the   s a n d ,   b e c a u s e  

of  the  c o r i o l i s   e f f e c t ,   or  o t h e r w i s e ,   t e n d s   to  s w i r l  

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

e n v i r o n m e n t   t h a t   when  the  o p e r a t i o n   is  over   the   s i n g l e  

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

e f f e c t i v e l y   or  b e t t e r   t h a n   t h e   sand   p r o d u c e d   by  t h e  

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

A  ma in   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a 

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

r e s i n   c o a t e d   s and   in  a  s i n g l e   p a s s .   I 

A  m o r e   s p e c i f i c   o b j e c t   of  the   i n v e n t i o n   is  to  p r o v i d e   s u c h  

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

d i m e n s i o n e d   r e l a t i v e   to  an  a s s o c i a t e d   a i r   j e t   n o z z l e ,   a l l  



r e l a t i v e   to  the  p r e s s u r e   of  the  a i r   p a s s i n g   t h r o u g h   t h e  

n o z z l e   as  to  e f f e c t   m u l t i p l e   c o l l i s i o n s   of  the   c o a t e d  

p a r t i c l e s   of  a  m a g n i t u d e   so  much  h i g h e r   t h a n   the   u n i t s   o f  

the   s e r i a l   s y s t e m   as  t o  e f f e c t i v e l y   r emove   the   r e s i n  

c o a t i n g   f r o m   a  s u b s t a n t i a l   p o r t i o n   of  the  sand   p a r t i c l e s .  

The  s u b j e c t   m a t t e r   of  the   i n v e n t i o n   is  p a r t i c u l a r l y  

p o i n t e d   ou t   and  d i s t i n c t l y   c l a i m e d   in  the  c o n c l u d i n g  

p o r t i o n   of  t h i s   s p e c i f i c a t i o n .   The  i n v e n t i o n ,   h o w e v e r ,  
. b o t h   as  to  o r g a n i z a t i o n   and  m e t h o d   of  o p e r a t i o n ,   t o g e t h e r  

w i t h   f u r t h e r   a d v a n t a g e s   and  o b j e c t s   t h e r e o f ,   may  be  b e s t  

u n d e r s t o o d   by  r e f e r e n c e   to  the  f o l l o w i n g   d e s c r i p t i o n ,  

t a k e n   in  c o n n e c t i o n   w i t h   the  f o l l o w i n g   d r a w i n g s ,   w h e r e i n  

l i k e   r e f e r e n c e   c h a r a c t e r s   r e f e r   to  l i k e   e l e m e n t s .  

F i g .   1  is  an  e l e v a t i o n a l   v i ew  of  an  a p p a r a t u s   e m b o d y i n g  

the   c o n c e p t s   of  the   p r e s e n t   i n v e n t i o n   w i t h   p a r t s   b r o k e n  

away,   w i t h   the  d i m e n s i o n s  o f   the   sand   r e c l a m a t i o n   t u b e  

a s s e m b l y   b e i n g   d i s t o r t e d ,   at  l e a s t   in  p a r t ,   f o r   c l a r i t y   i n  

i l l u s t r a t i o n ;  

F i g .   2  is  a  v e r t i c a l   s e c t i o n a l   v iew  t a k e n   a l o n g   l i n e   2 - 2  

of  F i g .   1 ;  

F i g .   3  is  an  i s o l a t e d   v i ew  of  the  t ube   a s s e m b l y   w i t h   t h e  

d i m e n s i o n s   more  n e a r l y   in  p r o p e r   p r o p o r t i o n   t h a n   in  F i g . l .  

The  a p p a r a t u s   shown  can  be  c o n s i d e r e d   as  h a v i n g   two  m a j o r  

f u n c t i o n s ,   one  of  b r e a k i n g   up  mold   c h u n k s   i n t o   r e s i n  

c o a t e d   sand   p a r t i c l e s   or  s m a l l   a g g l o m e r a t e s ,   and  a  s e c o n d  

of  k n o c k i n g   o f f   the  r e s i n   c o a t i n g   f rom  the  sand   p a r t i c l e s .  

I t   is  to  the  s e c o n d   f u n c t i o n   t h a t   the  p r e s e n t   i n v e n t i o n   i s  

p r i m a r i l y   d i r e c t e d .  

R e f e r r i n g   to  F i g .   1,  the   a p p a r a t u s   shown  has  a  b a s e   11 

s u p p o r t i n g  a  b o x   a s s e m b l y   by  s p r i n g s   15,  f o u r ,   two  to  a 

s i d e ,   p r e f e r a b l y   b e i n g   u s e d .   The  box  a s s e m b l y   i n c l u d e s   a 



box  g e n e r a l l y   e n t i t l e d   17  w h i c h   is  r e c t a n g u l a r   in  h o r i -  

z o n t a l   s e c t i o n   and  is  d e f i n e d   by  a  f i r s t   p a i r   of  o p p o s e d  

p l a t e - l i k e   w a l l s   21  and  23  ( F i g .   2 ) ,   and  a  s e c o n d   p a i r ,  

25  and  27.  For  c o n v e n i e n c e ,   w a l l s   21  and  23  w i l l   b e  

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

w a l l s   25  and  27  w i l l   be  c o n s i d e r e d   as  t he   s i d e   w a l l s .  

The  a b o v e   w a l l s   d e f i n e   an  open  t o p p e d   box  to  r e c e i v e   r e s i n  

b o n d e d   c h u n k s   to  be  b r o k e n   up,  such   c h u n k s   b e i n g   fed  i n t o  

the   box  in  any  s u i t a b l e   m a n n e r ,   such   as  by  a  b e l t   c o n v e y o r  
( n o t   s h o w n ) .   W a l l s   25  and  27  have   b r a c k e t s   29  and  31 

r e s t i n g   on  s p r i n g s   1 5 .  

The  box  is  c l o s e d   at  i t s   lower   p o r t i o n   by  a  f l o o r   33  ( F i g .  

2)  w h i c h   i s  i n c l i n e d   f r o m   the   f r o n t   w a l l   21  d o w n w a r d l y  

t o w a r d   the   r e a r   w a l l   23,  fo r   a  p u r p o s e   p r e s e n t l y   to  b e  

d e s c r i b e d .  

P r e f e r a b l y ,   each   of  t he   i n t e r i o r   f a c e s   of  the   s i d e   w a l l s  

has   a  p r o t e c t i v e   p l a t e   41  of  a b r a s i o n   r e s i s t a n t   m a t e r i a l  

s e c u r e d   t h e r e t o .   S i m i l a r   p l a t e s   may  be  p r o v i d e d   on  t h e  

i n t e r i o r   f a c e s   of  t h e   f r o n t   and  r e a r   w a l l s   ( b u t   t hey   a r e  

n o t   so  s h o w n ) .  

J u s t   above   the   wea r   r e s i s t a n t   p l a t e s   is  m o u n t e d   a  h e a v y  

g r i d   g e n e r a l l y   e n t i t l e d   51  made  up  of  a  s e r i e s   of  e q u a l l y  

s p a c e d   l o n g i t u d i n a l l y   e x t e n d i n g   p l a t e s   53,  and  a  s e r i e s   o f  

e q u a l l y   s p a c e d   t r a n s v e r s e l y   e x t e n d i n g   p l a t e s   55,  t h e  

p l a t e s   b e i n g   s e c u r e d   t o g e t h e r   such  as  by  w e l d i n g .  

The  p l a t e s   55  a r e   t a l l e r   t h a n   the  p l a t e s   53,   as  is  e v i d e n t  

by  c o m p a r i n g   F i g s .   1  and  2.  The  l o w e r   e d g e s   of  the  p l a t e s  

a r e   c o p l a n a r   so  t h a t   the   p l a t e s   55  have   p o r t i o n s   p r o j e c t -  

ing  u p w a r d l y   b e y o n d   the   top   e d g e s   of  t he   p l a t e   53.  T h i s  

c o n s t r u c t i o n   g i v e s   more   e f f e c t i v e   b r e a k i n g   up  of  the   r e s i n  

b o n d e d   c h u n k s   t h a n   w o u l d   o t h e r w i s e   be  t he   c a s e .  



It  is  p r e f e r r e d   to  p r o v i d e   a  s e r i e s   of  t r a n s v e r s e   s t r i p s  

59  l o c a t e d   as  shown ,   w h i c h   c o a c t   w i t h   the   p l a t e s   i n  

b r e a k i n g   up  the  b o n d e d   c h u n k s .  

B e n e a t h   the   f l o o r   33  a re   two  p a i r s   of  e c c e n t r i c   w e i g h t s   61 

and  63  m o u n t e d   r e s p e c t i v e l y   on  s h a f t s   65  and  67,  w h i c h   i n  

t u r n   a re   r o t a t a b l y  c a r r i e d   by  c r o s s   m e m b e r s   69  w h i c h  

e x t e n d   b e t w e e n   and  a re   s e c u r e d   to  the   f r o n t   and  r e a r   w a l l s  

21  and  23.  Each  e c c e n t r i c  p a i r   of  w e i g h t s   is  d r i v e n   by  

i t s  o w n   h y d r a u l i c   m o t o r   71  ( F i g .   1)  w h i c h   i s   s u p p l i e d  

w i t h   h y d r a u l i c   f l u i d  u n d e r   p r e s s u r e   by  a  s u i t a b l e   pump 
(no t   shown)   t h r o u g h   h o s e s   ( n o t   s h o w n ) .   P r e f e r a b l y   t h e  

m o t o r s   a re   d r i v e n   at  s u b s t a n t i a l l y   the   same  s p e e d   but   t h e  

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

R o t a t i o n   of  the   e c c e n t r i c   w e i g h t s   e f f e c t s   v i b r a t i o n   a n d  

s h a k i n g   of  the  box  17  to  b r e a k   up  the  r e s i n   b o n d e d   c h u n k s  

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

a g g l o m e r a t e s ,   i . e . ,   s m a l l e r   s i z e d   r e s i n   b o n d e d   s a n d  

c l u s t e r s .   The  sand   p a r t i c l e s   and  t h o s e   a g g l o m e r a t e s   s m a l l  

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

on to   the   f l o o r   33  w h e r e   the   m a t e r i a l   is  s u b j e c t   t o  

c o n t i n u e d   v i b r a t i o n   and  s h a k i n g   to  f u r t h e r   b r e a k   up  t h e  

a g g l o m e r a t e s .   The  sand   p a r t i c l e s   t e n d   to  s t r a t i f y   at  a  

lower   l e v e l   n e x t   to  the  f l o o r   33  b e n e a t h   the   a g g l o m e r a t e s  

and  c l u s t e r s .  

As  is  e v i d e n t   f r o m  F i g .   2,  the  e c c e n t r i c s   a re   so  o r i e n t e d  

as  to  c a u s e   m a t e r i a l   on  the  f l o o r   33  to  a d v a n c e   u p h i l l   t o  

the  l e f t   and  c r a w l   up  the  i n c l i n e d   f l o o r   p i e c e   33  and  e x i t  

t h r o u g h   the   s l o t s   in  a  g r a t e   81  p r o v i d e d   in  the   f r o n t   w a l l  

21.  The  g r a t e   w i l l   r e j e c t   t h o s e   c l u s t e r s   or  a g g l o m e r a t e s  

and  f o r e i g n   o b j e c t s   ( m e t a l   c h u n k s ,   wood  p a r t i c l e s ,   e t c .  

t h a t   a re   f o u n d   when  b r e a k i n g   up  r e s i n   b o n d e d   c h u n k s )   w h i c h  

are   of  a  s i z e   l a r g e r   t han   the  g r a t e   s l o t s .   T h e s e   r e j e c t e d  

o b j e c t s   w i l l   c o n t i n u e   to  be  s h a k e n   and  v i b r a t e d   and  have   a 



c o n t i n u i n g   b r e a k i n g   up  a c t i o n   on  the  sand   c l u s t e r s   a n d  

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

c o a t e d   sand   g r a i n s .   T h e s e   w i l l   j o i n   the  o t h e r   s and   g r a i n s  

on  the   f l o o r   and  e v e n t u a l l y   p a s s   t h r o u g h   the   g r a t e   8 1 .  

C l e a n   ou t   d o o r s   ( no t   s h o w n )   a r e   p r o v i d e d   in  the   s i d e   w a l l s  

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

a g g l o m e r a t e s   t h a t   p r o v e   u n b r e a k a b l e .  

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

p a s s   t h r o u g h   the  g r a t e   81,  f a l l   down  on to   an  u p p e r   s c r e e n  

91,   w h i c h   by  way  of  e x a m p l e   and  not  by  way  of  l i m i t a t i o n ,  

c o u l d   be  an  8  mesh  s c r e e n .   The  p a r t i c l e s   f a l l i n g   t h r o u g h  

t he   u p p e r   s c r e e n   w i l l   f a l l   o n t o   a  lower   s c r e e n   93,  w h i c h  

by  way  of  e x a m p l e   and  no t   by  way  of  l i m i t a t i o n ,   c o u l d   be  a 

20  mesh   s c r e e n .   T h i s   m e a n s   t h a t   s u b s t a n t i a l l y   a l l   t h e  

m a t e r i a l   f a l l i n g   t h r o u g h   the   l o w e r   s c r e e n   93  w i l l   be  r e s i n  

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

The  s c r e e n s   a re   s u p p o r t e d   by  an  o u t b o a r d   w a l l   95  and  t h e  

f r o n t   w a l l   21,  the   w a l l   95  h a v i n g   a  f l o o r   96  i n c l i n e d  

d o w n w a r d l y   so  t h a t   m a t e r i a l   f a l l i n g   on  the  f l o o r   w i l l  

g r a v i t a t e   i n t o   a  s m a l l   p o c k e t   n e a r   an  a i r   b l a s t   n o z z l e   9 7 .  

The  n o z z l e   is  c a r r i e d   by  an  a i r   p r e s s u r e   p i p e   99  w h i c h  

l e a d s   to  a  s o u r c e   of  a i r   u n d e r   p r e s s u r e .  

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

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

i n t o   a  r e c l a m a t i o n   t u b e   101  m o u n t e d   at  i t s   f r o n t   and  r e a r  

ends   in  t he   s p a c e   b e t w e e n   the   w a l l s   21  and  23,  by  a n  

a r r a n g e m e n t   w h i c h   i n c l u d e s   a  p a i r   of  f l a n g e d   f i t t i n g s   1 0 3  

m o u n t e d   a g a i n s t   the  w a l l s   21  and  23  by  b o l t s   104 .   T h e  

sand   p a s s i n g   t h r o u g h   the   t u b e   101  w i l l ,   as  it  l e a v e s ,   b e  

d e f l e c t e d   by  d e f l e c t o r   m e a n s   in  the  fo rm  of  d e f l e c t o r  

p l a t e s   105 ,   107  and  109  ( a b o u t   wh ich   more   w i l l   b e  

p r e s e n t l y   s a i d ) .   I t   is  e v i d e n t   f rom  F i g .   3  t h a t   t h e  



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

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

of  d e f l e c t i o n .   The  a r r a n g e m e n t   for   s u p p o r t i n g   the   t u b e  

101  f u r t h e r   i n c l u d e s   a  p a i r   of  p l a s t i c   s l e e v e s   111 ,   w h i c h  

s e c u r e   the   t ube   101  in  p l a c e   in  a b u t t i n g   r e l a t i o n s h i p   t o  

the  ends   of  the   t u b u l a r   p o r t i o n s   of  the   f i t t i n g s   103  by  

means   of  hose   c l a m p s   113,   as  s h o w n .  

The  t u b e   101  p r e f e r a b l y   has  a  m e t a l   ( p r e f e r a b l y   s t e e l )  

e x t e r i o r   s h e l l   101a ,   w h i c h   is  f i l l e d   w i t h   a  wear   p l a s t i c ,  

such  as  u r e t h a n e ,   w h i c h   may  be  p o u r e d   i n t o   the   s h e l l   as  a 

c a s t i n g .   P r e f e r a b l y   the  s l e e v e s   111  a re   a l s o   made  of  a 

wear   p l a s t i c ,   such  as  u r e t h a n e .  

The  w a l l s   21  and  23  have  o p e n i n g s   in  them  a l i g n e d   w i t h   t h e  

s c r u b b i n g   p a s s a g e w a y   P  p r o v i d e d   by  the   f i t t i n g s   103  a n d  

the   t u b e   101,   the  o p e n i n g   fo r   w a l l   21  b e i n g   d e s i g n a t e d   i n  

F i g .   3  by  the  r e f e r e n c e   n u m e r a l   2 1 a .  

Wi th   an  a i r   p r e s s u r e   of  3 . 5 1   or  4 . 2 2   k g / c m 2   (50  or  6 0  

p o u n d s   per   s q u a r e   i n c h )   b e i n g   s u p p l i e d   to  the   n o z z l e   97  by  

an  a i r   pump  (no t   s h o w n ) ,   the   n o z z l e   o u t l e t   n e e d s   to  b e  

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

way,   b e c a u s e   if  it  is  m i s a l i g n e d ,   sand  b e i n g   p r o p e l l e d   by 

such  a  h i g h   p r e s s u r e   w o u l d   q u i c k l y   wear   out   the   w a l l s   o f  

the  p a s s a g e w a y .   In  any  e v e n t ,   even  w i t h   the  n o z z l e   a x i s  

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

d e s p i t e   the  f a c t   t h a t   the   s w i r l i n g   sand   w i t h i n   t h e  

p a s s a g e w a y   t e n d s   to  s h i e l d   it   s o m e w h a t   f rom  the   a b r a d i n g  

e f f e c t   of  the  sand  p a s s i n g   t h r o u g h   the  p a s s a g e w a y ,   w e a r  

does  o c c u r .   H o w e v e r ,   even  t h o u g h   the  i n n e r   w a l l   of  t h e  

t u b e   101  w e a r s   t h r o u g h ,   the   u r e t h a n e   f i l l e r   101b  a l s o  

w e a r s   q u i t e   w e l l ,   so  t h a t   the   t u b e   101  l a s t s   a  r e a s o n a b l e  

amount   of  t i m e .   When  it  is  n e c e s s a r y   to  r e p l a c e   the   t u b e  

101,   the   s l e e v e s   111  a re   r e m o v e d   and  a  r e p l a c e m e n t   t u b e  

moved  i n t o   p l a c e ,   and  the  s l e e v e s   111  r e p l a c e d .  



The  r e f e r e n c e   above   to  the   p o s s i b l e   s h i e l d i n g   e f f e c t   o f  

the   s w i r l i n g   s a n d ,   does   not   mean   t h a t   the   sand   g r a i n s   d o  

not   b o u n c e   a g a i n s t   the   p a s s a g e w a y   w a l l s .   They  do,  a n d  

r e p e t i t i v e l y .   What  is  m e a n t   is  t h a t   the   s w i r l i n g   s a n d  

w o u l d   t e n d   to  d e f l e c t   a  c o n c e n t r a t e d   s t r e a m   of  sand   a w a y  
f r o m   the   p a s s a g e w a y   w a l l s .  

N o t e   t h a t   i t   is  p o s s i b l e   fo r   the   t ube   101  to  be  w o r n  

t h r o u g h ,   p a r t i c u l a r l y   n e a r   t he   f o r w a r d   end  t h e r e o f .   E v e n  

so ,   the   a s s o c i a t e d   wear   p l a s t i c   s l e e v e   111  w o u l d   f u n c t i o n  

as  a  s u b s t i t u t e   w a l l ,   u n t i l   t he   t u b e   was  r e p l a c e d .  

T h o s e   o p e r a t o r s   w a n t i n g   to  ge t   maximum  l i f e   f rom  my 

m a c h i n e ,   w i l l   s w i t c h  t h e   t u b e   101  end  fo r   end ,   a f t e r   t h e  

f o r w a r d   end  w e a r s   t h r o u g h .   And  t h o s e   who  f i n d   t h e y   c a n  

c o n t i n u e   the   e f f e c t i v e   use   of  t h e   m a c h i n e ,   even  w i t h   t h e  

f o r w a r d   s l e e v e   111  a c t i n g   as  a  p a r t   of  the  p a s s a g e w a y  

w a l l ,   c o u l d   s w i t c h   the   s l e e v e s   to  ge t   a d d i t i o n a l   l i f e .  

I t   has  been   f o u n d   t h a t   the   t u b e   w o r k s   b e t t e r   a f t e r   i t   h a s  

worn   s o m e w h a t ,   so  the   o p e r a t o r   m i g h t   e x p e r i e n c e   a  b r e a k - i n  

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

e x p e r i e n c e d . .  

The  p r e s s u r e   of  the  a i r ,   the   s p a c i n g   of  the  n o z z l e   97  f r o m  

the   f r o n t   end  of  the   r e c l a m a t i o n   t u b e   101  and  the  s i z e   o f  

the   t u b e   and  i t s   l e n g t h   a re   so  c h o s e n   t h a t   the   r e s i n  

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

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

t u b e ,   r i c o c h e t i n g   back   and  f o r t h   in  c o n t a c t   w i t h   the   w a l l s  

and  w i t h   one  a n o t h e r   in  a  m u l t i - c o l l i s i o n   p r o c e s s   t o  

e f f e c t i v e l y   knock   o f f   the   r e s i n   p a r t i c l e s   by  the  t ime   t h a t  

the   g r a i n s   e x i t   f r om  the  r e a r   end  of  the  r e c l a m a t i c n   t u b e .  

It   is  b e l i e v e d   t h a t   the   r e s i n   p a r t i c l e s   a re   e i t h e r   f r e e   o f  

the   sand   g r a i n s   or  l i g h t l y   a t t a c h e d   to  the  s a n :   g r a i n s  

when  t h e y   e x i t   the   t u b e   101 .   I  have  found   t a a t   s u c h  



l i g h t l y   a t t a c h e d   r e s i n   p a r t i c l e s   can  be  f l i c k e d   o f f   t h e  

sand   g r a i n s ,   if  the   s a n d / a i r   m i x t u r e   i s s u i n g   f rom  t h e  

c l e a n s i n g   p a s s a g e w a y   e n g a g e s   a  d e f l e c t o r   p l a t e ,   such  a s  

d e f l e c t o r   p l a t e   105 .   A d d i t i o n a l   d e f l e c t o r   p l a t e s   107  a n d  

109  a re   p r o v i d e d   b e c a u s e   the  sand  d e f l e c t e d   f r o m   p l a t e   105  

w i l l   e n g a g e   the  l ower   f a c e   of  the   d e f l e c t o r   p l a t e   107  a s  

the   p a r t s   a re   shown  in  F i g .   3,  and  t hen   the   l o w e r   f a c e   o f  

the   d e f l e c t o r   p l a t e   109,   so  t h a t   the   m a t e r i a l   b e i n g  

t r e a t e d   goes   i n t o   a  s w i r l i n g   a c t i o n ,   t e n d i n g   to  b e t t e r  

s e p a r a t e   the  p l a s t i c   f l a k e s   f rom  the  sand   g r a i n s .  

I t   is  to  be  d i s t i n c t l y   u n d e r s t o o d ,   h o w e v e r ,   t h a t   the   p l a t e  

105  does   not   f u n c t i o n   as  a  s a n d b l a s t i n g   t a r g e t ,   as  d o e s  

the   t a r g e t   p l a t e   in  the  p r e v i o u s l y   d e s c r i b e d   m u l t i p l e - p a s s  

-  m u l t i p l e - c e l l   u n i t   b e c a u s e   the  b l a s t i n g   of  c o a t e d   s a n d  

p a r t i c l e s   a g a i n s t   a  t a r g e t   is  not   an  e f f e c t i v e   way  o f  

s e p a r a t i n g   the   c o a t i n g   f rom  the  sand   g r a i n s .   If  t h e  

b i n d e r   c o a t i n g   is  not   s u b s t a n t i a l l y   e f f e c t i v e l y   l o o s e n e d  

f rom  the  g r a i n s   by  the  t ime  t h a t   t h e y   i s s u e   f r o m   t h e  

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

d e f l e c t o r   p l a t e s   105,   107,   109  is  c e r t a i n l y   no t   g o i n g   t o  

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

The  d e f l e c t o r   p l a t e s   105,   107  and  109  can  be  m o u n t e d   i n  

any  p a r t i c u l a r   f a s h i o n ,   such  a s ,   for   i n s t a n c e ,   in  g u i d e -  

ways  or  w a l l   s l o t s .  

The  r e s i n   p a r t i c l e s ,   w h i c h   a re   now  s e p a r a t e d   f r o m   the   s a n d  

g r a i n s ,   in  the  fo rm  of  d u s t ,   p a s s   u p w a r d l y ,   p r e f e r a b l y  

t h r o u g h   one  or  more  s c r e e n s   117  and  out   a  d u s t   e x i t   t u b e  

119.   A t t a c h e d   to  the  e x i t   t ube   is  an  a i r   b l o w e r   d r a w i n g   a 

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

t h r o u g h   the   o u t l e t   119 .   The  o u t l e t   119  and  the   s c r e e n   1 1 7  

a re   m o u n t e d   on  a  h o u s i n g   121  s e c u r e d   to  the   r e a r   w a l l   2 3 .  



A  s o m e w h a t   s i m i l a r   h o u s i n g   131  is  p r o v i d e d   on  the  f r o n t  

w a l l   21  and  is  e q u i p p e d   w i t h   a  d u c t   o u t l e t   133  l e a d i n g   t o  

a  b l o w e r   c r e a t i n g   a  n e g a t i v e   p r e s s u r e   to  p u l l  o u t   a n y  
r e s i n   d u s t   c r e a t e d   w i t h i n   the   h o u s i n g   131 .   The  n e g a t i v e  

p r e s s u r e   is  no t   s u f f i c i e n t   t o  r e m o v e   the  sand   g r a i n s ,   o r  

at  l e a s t   o n l y   a  v e r y   l i m i t e d   number   of  such   g r a i n s .  

The  s c r e e n s   117  a r e   m o u n t e d   in  a  c o m p a r t m e n t   123  of  t h e  

h o u s i n g   121 .   The  r e c l a i m e d   s a n d   g r a i n s   in  the   l o w e r  

p o r t i o n   of  t he   c o m p a r t m e n t   123  a re   w i t h d r a w n   t h r o u g h   a 

d i s c h a r g e   o u t l e t   125  c o n n e c t e d   to  a  w i t h d r a w   b l o w e r   s o  

t h a t   the   s a n d   d o e s   not   a c c u m u l a t e   w i t h i n   the   c o m p a r t m e n t  

1 2 3 .  

The  a g g l o m e r a t e s   not   p a s s i n g   t h r o u g h   the   s c r e e n   91  d r o p  

o v e r   the  u p p e r   edge   of  the   w a l l   95  o n t o   an  i n c l i n e d   f l o o r  

161  ( F i g s .   1  and  2)  and  g r a v i t a t e   a l o n g   the   f l o o r   and  a r e  

d i s c h a r g e d   i n t o   a  b i n   ( n o t   s h o w n ) .   T h i s   m a t e r i a l   may  b e  

r e i n t r o d u c e d   i n t o   the   box  17  or  d i s c a r d e d ,   as  d e s i r e d .  

F i g .   3  shows  t he   p a r t s   of  the   r e c l a m a t i o n   t u b e   a s s e m b l y  i n  

p r o p r o t i o n s   more   n e a r l y   t h o s e   w h i c h   have   p r o v e n   e f f e c t i v e  

in  e q u i p m e n t   p r o d u c e d   u n d e r   my  d i r e c t i o n .  

As  an  e x a m p l e   of  wha t   has  p r o v e d   e f f e c t i v e ,   in  one  u n i t   I 

u t i l i z e   a  n o z z l e   of  s u b s t a n t i a l l y   6 . 3 5   rrm  (¼  i n c h ) ,  

a l t h o u g h   I  h a v e   f o u n d   t h a t   a  n o z z l e   s i z e   of  b e t w e e n   3 . 8 1  

and  7  mm  ( 0 . 1 5 0   and  0 . 2 7 5   i n c h e s )   w i l l   p r o v i d e   a c c e p t a b l e  

r e s u l t s .   The  a i r   s u p p l i e d   to  the   n o z z l e s   97  is  u n d e r   a 

p r e s s u r e   of  b e t w e e n   3 . 5 1   and  4 . 2 2   k g / c m 2   (50  and  60  p o u n d s  

per   s q u a r e   i n c h )   i . e .   at  such   a  p r e s s u r e   as  to  b e  

c o n s i d e r e d   as  a  h i g h   p r e s s u r e ,   as  c o m p a r e d   to  the   l o w  

0 . 2 1 1   k g / c m 2   (3  p o u n d s   per  s q u a r e   i n c h ) ,   p r e s s u r e   u t i l i z e d  

in  the  m u l t i p l e - c e l l  -   m u l t i p l e - p a s s   p r i o r   m a c h i n e .   T h e  

n o z z l e   was  l o c a t e d   a b o u t   7 . 6 2   cm  ( t h r e e   i n c h e s )   f r o m   t h e  

i n l e t   end  113  of  the   r e c l a m a t i o n   t u b e ,   a l t h o u g h   i t   h a s  

been  f o u n d   t h a t   a  s p a c i n g   of  b e t w e e n   5 . 0 8   and  7 . 6 2   cm  (2  



and  3  i n c h e s )   w i l l   p r o d u c e   a c c e p t a b l e   r e s u l t s .   T h e  

r e c l a m a t i o n   t ube   had  an  i n t e r n a l   d i a m e t e r   of  3 . 81   cm  ( 1 . 5  

i n c h e s )   and  was  1 5 2 . 4   cm  ( f i v e   f e e t )   l o n g .   The  s p a c i n g  

b e t w e e n   the  o u t p u t   end  of  the  r e c l a m a t i o n   t ube   and  t h e  

d e f l e c t o r   p l a t e   105  was  a b o u t   1 0 . 1 6   cm  ( f o u r   i n c h e s ) .   I t  

is  b e l i e v e d   t h a t   u n l e s s   the   sand   p a r t i c l e s   r e a c h   t h e  

d e f l e c t o r   p l a t e   105  w i t h i n   a b o u t   0 . 0 1   s e c o n d s   a f t e r  

l e a v i n g   the  t u b e ,   the   r e s i n   f l a k e s   w i l l   r e - a t t a c h   t h e m -  

s e l v e s   by  e l e c t o r s t a t i c   a c t i o n   to  t he   s and   g r a i n s .  

W h i l e   t h e r e   can  be  some  v a r i a t i o n s   in  the   a b o v e   d i m e n -  

s i o n s ,   one  t h i n g   is  c l e a r .   The  p r e s e n t   s y s t e m   c o n t e m -  

p l a t e s   the  use  of  h i g h   p r e s s u r e   a i r ,   and  c o n t e m p l a t e s   a 

s y s t e m   in  w h i c h   the  r e s i n   c o a t i n g s   a r e   not   k n o c k e d   o f f   t h e  

sand   g r a i n s   by  i m p a c t i n g   on  a  t a r g e t   in  a  m u l t i p l e - c e l l  -  

m u l t i p l e - p a s s   a r r a n g e m e n t ,   bu t   to  the   c o n t r a r y   b e c a u s e   o f  

c o l l i s i o n s   w i t h   t h e m s e l v e s   and  w i t h   the   i n t e r i o r   of  t h e  

t u b e   101  as  the  g r a i n s   w h i r l   a l o n g   s a i d   t u b e .   I n  

a d d i t i o n ,   a  t r u e   n o z z l e   is  r e q u i r e d   f o r   the  a i r   and  n o t  

s i m p l y   a  l a r g e   i n t e r i o r   d i a m e t e r   a i r   t u b e ,   such  as  is  u s e d  

in  one  of  the   c e l l s   of  the   p r i o r   m a c h i n e .   In  f a c t   if  t h e  

n o z z l e   s i z e   is  i n c r e a s e d   to  1 2 . 7  r r m   (i  i n c h )   i t   w i l l  

s i m p l y   not   p r o d u c e   the   d e s i r e d   r e s u l t s .  

I t   is  p o i n t e d   out   t h a t   if  the   a i r   p r e s s u r e   in  the  p r i o r  

m a c h i n e   were   i n c r e a s e d   to  3 . 5 1 - 4 . 2 2   k g / c m 2   ( 5 0  -   6 0   p o u n d s  

per  s q u a r e   i n c h )   the  sand  s t r e a m  w o u l d   q u i c k l y   wear   a  h o l e  

t h r o u g h   the  t a r g e t   p l a t e .   T h i s   is  p r o o f   t h a t   in  my 
m a c h i n e ,   what   h a p p e n s   in  the  s c r u b b i n g   p a s s a g e w a y   is  t h e  

c a u s e   of  the  s a n d - c o a t i n g   s e p a r a t i o n ,   not   the  c o n t a c t   o f  

such   sand  w i t h   the  wear   p l a t e s .  

I t   has  been  f o u n d   t h a t   the   a p p a r a t u s   of  the   p r e s e n t  

i n v e n t i o n   is  e f f e c t i v e   in  r e m o v i n g   d u s t   f r o m m i n e d   sand  a t  

as  low  as  1 .4   kg / cm2   (20  p o u n d s   per  s q u a r e   i n c h )   r e d u c i n g  

the   need  to  wash  and  dry  in  b o t h   f o u n d r y   and  g l a s s  

m a n u f a c t u r i n g   a p p l i c a t i o n s .  



1.  In  a  sand  r e c l a m a t i o n   a p p a r a t u s   c o m p r i s i n g   a  r e c l a m a -  

t i o n   t u b e   h a v i n g   a  f r o n t   end  and  a  r e a r   e n d ,  

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

end  of  s a i d   t u b e   and  o r i e n t e d   to  d i r e c t   a i r   u n d e r   p r e s s u r e  

t h r o u g h   sand  to  be  r e c l a i m e d   and  e n t r a i n   g r a i n s   of  t h e  

same  and  d i r e c t   them  i n t o   s a i d   t u b e ,  

the   s p a c i n g   of  t he   n o z z l e   f r o m   the   f r o n t   end  of  t h e  

t u b e   b e i n g   g r e a t e r   t h a n   the   i n t e r n a l   d i a m e t e r   of  the  t u b e ,  

the  r a t i o   of  the   i n t e r n a l   d i a m e t e r   of  the   t u b e   to  t h e  

i n t e r n a l   d i a m e t e r   of  t he   n o z z l e   b e i n g   no  l e s s   t h a n   f o u r   t o  

o n e ,  
and  means   fo r   s u p p l y i n g   a i r   to  s a i d   t u b e   u n d e r  

p r e s s u r e   of  not   l e s s   t h a n   3 . 5 1   k g / c m 2   (50  p o u n d s   per   s q u a r e  
i n c h ) .  

2.  In  a  sand  r e c l a m a t i o n   a p p a r a t u s   c o m p r i s i n g   a  r e c l a m a -  

t i o n   t u b e   h a v i n g   a  f r o n t   end  and  a  r e a r   e n d ,  

an  a i r   n o z z l e   s p a c e d   f rom  the   f r o n t   end  of  s a i d   t u b e  

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

s a i d   t u b e ,  

d e f l e c t o r   means   a d j a c e n t   the   o u t l e t   end  of  the  t u b e  

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

d i a m e t e r   of  the  t u b e ,  

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

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

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

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

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

3.  An  a p p a r a t u s  a s   r e c i t e d  i n   c l a i m   2,  w h e r e i n  t h e  

s p a c i n g   of  the  n o z z l e   f r o m   the   f r o n t   end  of  the  t ube   is  s 

g r e a t e r   t han   the  i n t e r n a l   d i a m e t e r   of  the   t u b e ,  

s a i d   t ube   h a v i n g   a  l e n g t h   at  l e a s t   t h i r t y   t i m e s   i t s  

i n t e r i o r   d i a m e t e r ,  



the   r a t i o   of  the   i n t e r n a l   d i a m e t e r   of  the  t u b e   to  t h e  

i n t e r n a l   d i a m e t e r   of  the   n o z z l e   b e i n g   no  l e s s   t h a n   f o u r   t o  

o n e ,  
and  means   for   s u p p l y i n g   a i r   to  s a i d   t u b e   u n d e r  

p r e s s u r e   of  not   l e s s   t h a n   3 .51   kg / cm2   (50  p o u n d s   per   s q u a r e  
i n c h ) .  

4.  An  a p p a r a t u s   as  d e s c r i b e d   in  c l a i m   2  w h e r e i n   s a i d  

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

p l a t e s   a d j a c e n t   the  o u t l e t   of  the   t u b e   and  s p a c e d   f r o m  

s a i d   o u t l e t   e n d ,  

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

f rom  the  f i r s t   p l a t e   c o n t a c t s   and  is  d e f l e c t e d   by  t h e  

s e c o n d   and  is  s i m i l a r l y   d e f l e c t e d   by  each   s u b s e q u e n t  

p l a t e .  

5.  In  a  sand   r e c l a m a t i o n   a p p a r a t u s   c o m p r i s i n g   a  r e c l a m a -  

t i o n   t u b e   h a v i n g   a  f r o n t   end  and  a  r e a r   e n d ,  

an  a i r   n o z z l e   s p a c e d   f r o m   the  f r o n t   end  of  s a i d   t u b e  

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

s a i d   t u b e ,  

s a i d   n o z z l e   h a v i n g   an  i n t e r n a l   d i a m e t e r   of  a p p r o x i -  

m a t e l y   6 . 3 5   mm  (1  of  an  i n c h ) ,  

the  t u b e   h a v i n g   an  i n t e r n a l   d i a m e t e r   of  a p p r o x i m a t e l y  

3 .81   cm  (1½  i n c h e s )   and  a  l e n g t h   of  a p p r o x i m a t e l y   1 5 2 . 4   cm 

( f i v e   f e e t ) ,  

and  means   for   s u p p l y i n g   a i r   to  s a i d   t u b e   at  a 

p r e s s u r e   of  not   l e s s   t han   3 .51   k g / c m 2   (50  p o u n d s   per   s q u a r e  
i n c h ) .  

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

are  m u l t i p l e   wear   p l a t e s   a d j a c e n t   the   o u t l e t   of  the   t u b e  

and  s p a c e d   f r o m   s a i d   o u t l e t   end  by  a p p r o x i m a t e l y   1 0 . 2   cm 

( f o u r   i n c h e s ) .  



7.  A  m e t h o d   of  c l e a n i n g   r e s i n   c o a t e d   sand   p a r t i c l e s  

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

of  sand   to  the   j e t   in  a  t r a n s v e r s e   d i r e c t i o n   so  t h a t   a 

r a p i d   s p i n   is  i m p a r t e d   to  t he   p a r t i c l e s   and  such   p a r t i c l e s  

a r e   d i r e c t e d   in  a  p r e d e r t e r m i n e d   d i r e c t i o n ,  

r i c o c h e t i n g   the   p a r t i c l e s   back   and  f o r t h   a g a i n s t  

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

on  the   p a r t i c l e s ,   a n d  

d i r e c t i n g   the  g r a i n s ,   a f t e r   t h e y   l e a v e   the   zone  o f  

r i c o c h e t i n g ,   a g a i n s t   one  or  more   n o n - r e e n t r a n t   d e f l e c t i n g  

s u r f a c e s   such   t h a t   the   g r a i n s   have  f o r w a r d   d e f l e c t i o n  

c o m p o n e n t s   t h e r e b y   to  k n o c k - o f f   e l e c t r o s t a t i c a l l y  

c l i n g i n g   r e s i n   p a r t i c l e s .  
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