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The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   a  t r e a t i n g  

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

p u r p o s e   t r e a t m e n t   of  p o w d e r y   or  g r a n u l a r   s u b s t a n c e ,   a n d  

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

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

o p e r a t i o n s   s u c h   as  m i x i n g ,   w a s h i n g ,   e x t r a c t i o n ,  

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

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

T h e r e   has   b e e n   w i d e l y   e m p l o y e d   a  p r o c e s s  

c o m p r i s i n g   u n i t   o p e r a t i o n s   s u c h   as  m i x i n g ,   w a s h i n g ,  

e x t r a c t i o n ,   f i l t r a t i o n ,   d r y i n g   and  p a c k a g i n g   of  p o w d e r y  

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

i n d u s t r y ,   f o o d   i n d u s t r y ,   and   t h e   l i k e .   The  p r o c e s s   h a s  

i m p o r t a n t   i n f l u e n c e   upon   t h e   q u a l i t y   or  c o m m e r c i a l   v a l u e  

of  p r o d u c t s .  

H e t h e r t o ,   in   a  p r o c e s s   f r o m   p u r i f i c a t i o n   o f  

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

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

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

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

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

u s i n g   i n d i v i d u a l   a p p a r a t u s .   In  t h a t   c a s e ,   t h e r e   w e r e  

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

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

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

t r a n s p o r t   p o w d e r y   or  g r a n u l a r   s l u r r y   ( d i s p e r s i o n )   or  w e t  

c a k e s   (wet   or  c o a g u l a t i v e   p o w d e r   or  g r a n u l a r   s u b s t a n c e )  

b e t w e e n   e a c h   a p p a r a t u s .  

In  c a s e   t h a t   t h e   a b o v e - m e n t i o n e d   t r a s p o r t a t i o n  

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

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



t h a t   is-  c a u s e d   by  m i x i n g   of  u n d e r s i r a b l e   m a t e r i a l )   o f  

p r o d u c t s   w h e n e v e r   an  o b j e c t   t o   be  t r e a t e d   c h a n g e s   and   i t  

i s   n e c e s s a r y ,   t h e r e f o r e ,   to   wash   t h e   w h o l e   s y s t e m   t o  

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

R e c e n t l y   in   p a r t i c u l a r   t h e r e   i s   a  t e n d e n c y   t h a t  

f i n e   c h e m i c a l   p r o d u c t s   a r e   w i d e l y   r e q u i r e d   and   many  k i n d s  

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

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

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

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

of  p r o d u c t   in   o r d e r   t o   s e c u r e   t h e   p u r i t y   of  p r o d u c t s ,  

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

In  s o l v i n g   t h e   a b o v e - m e n t i o n e d   p r o b l e m s ,   w e  

i n v e n t o r s   c o n s i d e r e d   t h e   n e c e s s i t y   of  l e s s e n i n g  

t r a n s p o r t a t i o n   t i m e s   b e t w e e n   e a c h   a p p a r a t u s   as  much  a s  

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

g r a n u l a r   s u b s t a n c e ,   and   so  v i g o r o u s l y   s t u d i e d   a  t r e a t m e n t  

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

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

t h a t   h a v e   b e e n   p e r f o r m e d   by  u s i n g   i n d i v i d u a l   t r e a t m e n t  

a p p r a t u s   as  t o   c o m p l e t e   t h e   a p p a r a t u s   of  t h e   p r e s e n t  

i n v e n t i o n .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t h e   p r e s e n t  

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

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

o p e r a t i o n s   s u c h   as  m i x i n g ,   w a s h i n g ,   e x t r a c t i o n ,  

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

a  s i n g l e   v e s s e l   w h i c h   a l s o   f u n c t i o n s   as   a  h o p p e r .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

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

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

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

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

by  c o n t a c t   w i t h   a i r   or  by  e x p o s u r e   t o   l i g h t ,   p u r i f i c a t i o n  

. - o p e r a t i o n   in   w h i c h   t o x i c ,   p o i s o n o u s   or  h a z a r d o u s   s o l v e n t s  

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

c r y s t a l l i z a t i o n   by  c o n c e n t r a t i o n ,   h e t e r o g e n e o u s   r e a c t i o n  

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



p o l y v i n y l   a l c o h o l   ( c f .   J a p a n   P a t e n t   No.  1 , 1 9 6 , 3 4 9 )   a n d  

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

h i g h   p o l y m e r s .  

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

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

c o n f i g u r a t i o n   w i t h   a  v e r t i c a l   c e n t r a l   a x i s ;   a  s t i r r i n g  

a s s e m b l y   w i t h   s p i r a l   b l a d e   d i s p o s e d   in   t h e   v e s s e l  

a d j a s c e n t   t o   a  i n t e r n a l   p e r i p h e r a l   s u r f a c e   t h e r e o f ;   and   a  

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

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

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

t h e   v e s s e l .   In  an  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,  

many  k i n d s   of  f u n c t i o n s   s u c h   as  w a s h i n g ,   e x t r a c t i o n ,  

f i l t r a t i o n   and  d r y i n g   a r e   a d d e d   to   a  s t i r r i n g   a p p a r a t u s  

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

s u b s t a n c e .  

The  a b o v e   and  o t h e r   o b j e c t s   of  t h e   p r e s e n t  

i n v e n t i o n   w i l l   be  s e e n   by  r e f e r e n c e   t o   t h e   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   t h e   a c c o m p a n y i n g   d r a w i n g .  

F i g .   1  i s   a  v i e w   e x p l a i n i n g   a  f u n d a m e n t a l  

n o t i o n   of  an  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n .  

R e f e r r i n g   now  t o   an  a c c o m p a n y i n g   d r a w i n g ,  

f e a t u r e s   of  an  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   i s  

e x p l a i n e d   in  d e t a i l .  

In  an  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,   a  

j a c k e t  2   f o r   h e a t i n g   or  c o o l i n g   i s   d i s p o s e d   a t   o u t e r  

s u r f a c e   of  a  s i d e w a l l   of  a  v e s s e l  1   h a v i n g   i n v e r t e d  

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

T h e r e   i s   p r o v i d e d   a  p a i r   of  p o r t s   14  f o r   s t e a m   or  w a r m  

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

c o o l i n g   on  t h e   j a c k e t   2 .  

At  t h e   t o p   p o r t i o n   of  t h e   v e s s e l   1,  t h e r e   a r e  

d i s p o s e d   a  i n l e t   p o r t   3  f o r   p o w d e r y   or  g r a n u l a r   s u b s t a n c e  

or  s l u r r y   t h e r e o f ,   a  c h a r g e   p o r t  4   f o r   l i q u i d   to   wash  o r  

e x t r a c t ,   a  d i s c h a r g e   p o r t  5   f o r   v a p o u r   w h i c h   i s   g e n e r a t e d  

d u r i n g   t h e   d r y i n g   of  wet  c a k e   or  f o r   d r y i n g   g a s ,   and  a  

m o t o r   a s s e m b l y  6   f o r   d r i v i n g   t h e   s t i r r i n g   a s s e m b l y .  



At  t h e   l o w e r   p o r t i o n   of  t h e   v e s s e l   1,  t h e r e   i s  

d i s p o s e d   an  o u t l e t   p o r t   7  f o r   p o w d e r y   or  g r a n u l a r  

s u b s t a n c e  t r e a t e d .  

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

d i s p o s e d   a t   t h e   b o t t o m   of   t h e   v e s s e l   1,  and  b e l o w   t h e  

f i l t e r   m e d i u m  8   t h e r e   a r e   p r o v i d e d   an  i n l e t   p o r t  9   f o r  

d r y i n g   g a s   and   a  d i s c h a r g e   p o r t   10  f o r   f i l t r a t e .   I n l e t  

p o r t s  9   c an   a l s o   be  d i s p o s e d   a t   t h e   t o p   p o r t i o n   of  t h e  

v e s s e l  1   i f   d e s i r e d .  

A  s t i r r i n g   a s s e m b l y   11  w i t h   s p i r a l   b l a d e   i s  

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

t h e   v e s s e l   1.  The   t o p   p o r t i o n   of  t h e   s t i r r i n g   a s s e m b l y  

11  i s   r o t a t a b l y   i n s t a l l e d   a t   t h e   o u t e r   end  p o r t i o n   of  a  

s u p p o r t i n g   arm  12  w h i c h   e x t e n d s   o u t w a r d l y   in   r a d i a l  

d i r e c t i o n .   The  s t i r r i n g   a s s e m b l y   11  i s   d r i v e n   by  a  m o t o r  

a s s e m b l y   6  f o r   d r i v i n g .   The  l o w e r   p o r t i o n   of  t h e  

s t i r r i n g   a s s e m b l y   i s   u s u a l l y   u n s u p p o r t e d   as  shown  in  F i g .  

1,  i t   m i g h t   be ,   h o w e v e r ,   s u p p o r t e d   by  a  b e a r i n g   m e a n s  

m o u n t e d   a t   t h e   b o t t o m   of   t h e   v e s s e l  1   i f   d e s i r e d .  

T h e r e   i s   p r o v i d e d   a  t e m g e r a t u r e   s e n s o r   13  a t   a  

r e v o l v i n g   s h a f t   of   t h e   s u p p o r t i n g   arm  1 2 .  

In  an  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,   i t   i s  

n e c e s s a r y   to   e m p l o y   a  v e s s e l   1  h a v i n g   i n v e r t e d  

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

in  o r d e r   t o   i m p r o v e   t h e   e f f i c i e n c y   of  m i x i n g   and  h e a t  

t r a n s f e r .   The  v e r t i c a l   a n g l e   of  t h e   i n v e r t e d  

f r u s t o c o n i c a l   c o n f i g u r a t i o n   i s   p r e f e r a b l y   30  t o   40  

d e g r e e s .   The  s h a p e   of  a  f i l t e r   m e d i u m  8   in   t h e   a p p a r a t u s  
of   t h e   p r e s e n t   i n v e n t i o n   i s   o p t i o n a l l y   s e l e c t e d   f r o m   t h e  

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

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

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

m e d i u m  8 ,   t h e r e   c a n   be  e m p l o y e d   a  f i l t e r   c l o t h ,   w i r e  

g a u z e ,   w e d g e   w i r e   s c r e e n ,   and  t h e   l i k e   i n d i v i d u a l l y .  

T h e r e  c a n   a l s o   be  e m p l o y e d   a  c o m b i n a t i o n   t h e r e o f .  

N e x t   t h e r e   i s   e x p l a i n e d   a  f u n c t i o n   of  e a c h  

a s s e m b l y   or   m e m e b e r   in  an  a p p a r a t u s   of  t h e   p r e s e n t  
i n v e n t i o n .  



In  an  a p p a r t u s   of  t h e   p r e s e n t   i n v e n t i o n ,   a  

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

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

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

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

o p e r a t i o n   of  p o w d e r y   or  g r a n u l a r   s u b s t a n c e ,   and  t h e   l i k e  

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

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

i t s   own  a x i s   and  r e v o l v e s   a r o u n d   a  c e n t r a l   a x i s   of  t h e  

v e s s e l   i s   e f f e c t i v e   in  i m p r o v i n g   t h e   e f f i c i e n c y   of  m i x i n g  

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

s u b s t a n c e s   s u c h   as  p o w d e r y   or  g r a n u l a r   s u b s t a n c e ,   s l u r r y  

and  w e t  c a k e   w h i c h   h a v e   r e m a r k a b l y   d i f f e r e n t   s t i r r i n g  

r e s i s t a n c e   one  a n o t h e r .   By  d i s p o s i n g   t h e   a b o v e   m e n t i o n e d  

s t i r r i n g   a s s e m b l y   a d j a s c e n t   to   t h e   i n t e r n a l   p e r i p h e r a l  

s u r f a c e   of  t h e   v e s s e l ,   t h e r e   can  be  o b t a i n e d   an  u p w a r d  

m o t i o n   and  d i s p e r s i o n   e f f e c t   of  p o w d e r   or  g r a n u l e   due  t o  

t h e   r o t a t i o n   of  t h e   s t i r r i n g   a s s e m b l y .   The  r e v o l u t i o n   o f  

t h e   s t i r r i n g   a s s e m b l y   can  c a u s e   h o r i z o n t a l   m o t i o n   and  a t  

t h e   same  t i m e   r e m o v e   an  s t a g n a n t   l a y e r   a t   t h e   i n t e r n a l  

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

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

s i d e w a l l   a r e   r e m a r k a b l y   i m p r o v e d   due  to   t h e   a b o v e -  

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

a s s e m b l y .  

One  of  t h e   f e a t u r e s   of  an  a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n   is   t h a t   t h e r e   i s   p r o v i d e d   a  f i l t e r  

med ium  c o m p r i s i n g   p o r o u s   m a t e r i a l   a t   t h e   b o t t o m   of  a  

v e s s e l .   The  f i l t e r   med ium  can  be  e f f e c t i v e l y   a p p l i e d   t o  

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

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

h e a t i n g   f i l t r a t i o n ,   and  t h e   f i l t e r   can   be  f u r t h e r  

e f f e c t i v e l y   u s e d   as  a  d i s p e r s i o n   p l a t e   to   b l o w   a i r   in  f o r  

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

g r a n u l a r   s u b s t a n c e ,   w h e r e b y   t h e   d r y i n g   e f f i c i e n c y   can  b e  

g r e a t l y   i m p r o v e d .  

E x a m p l e   and  C o m p a r a t i v e   E x a m p l e  



N e x t ,   r e f e r r i n g   to   E x a m p l e s   and  C o m p a r a t i v e  

E x a m p l e ,   e f f e c t s   o b t a i n e d   by  t h e   a p p a r a t u s   of  t h e   p r e s e n t  

i n v e n t i o n   i s   e x p l a i n e d .  

[ E x a m p l e   11 

An  a p p a r a t u s   u s e d   in   E x a m p l e   1  c o m p r i s e d   a  

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

w i t h   a  v e r t i c a l   c e n t r a l   a x i s ,   v e r t i c a l   a n g l e   of   3 4  

d e g r e e s   and  a  c a p a c i t y   of  2000  i ;   a  s t i r r i n g   a s s e m b l y  

w i t h   s p i r a l   b l a d e   h a v i n g   a  b l a d e   d i a m e t e r   of  250  mm  and  a  

p i t c h   of  200  mm  w h i c h   was  d i s p o s e d   a d j a c e n t   to   t h e  

i n t e r n a l   p e r i p h e r i c a l   s u r f a c e   of  t h e   v e s s e l   in   s u c h   a  

m a n n e r   t h a t   t h e r e   e x i s t s   c l e a r a n c e   of   8  mm  b e t w e e n   t h e  

o u t e r   end   of  t h e   s p i r a l   b l a d e   and  t h e   i n t e r n a l  

p e r i p h e r i c a l   s u r f a c e   of  t h e   v e s s e l ;   a  f i l t e r   m e d i u m  

c o m p r i s i n g   a  p o r o u s   p l a t e   of  s t a i n l e s s   s t e e l   ( S U S - 3 0 4 ;  

S U S - 3 0 4   i s   a  s t a n d a r d   of  s t a i n l e s s   s t e e l   p r e s c r i b e d   i n  

J I S   ( J a p a n e s e   I n d u s t r i a l   S t a n d a r d ) )   of   6  mm  in   t h i c k n e s s  

w h e r e o n   s m a l l   h o l e s   of   3  mm  in  d i a m e t e r   w e r e   made  in  s u c h  

a  m a n n e r   t h a t   a  p i t c h   of   h o l e s   was  6  mm  and  h o l e s   w e r e  

a r r a n g e d   to   f o r m   e q u i l a t e r a l   t r i a n g l e ,   and  a  w i r e   g a u z e  
of   s t a i n l e s s   s t e e l   ( S U S - 3 0 4 )   of  100  m e s h e s   p i l e d   on  t h e  

p o r o u s   p l a t e .  

1 , 5 0 0   kg  of  m e t h a n o l   s l u r r y   of  p o l y v i n y l  

a l c o h o l   c o n t a i n g   18  %  by  w e i g h t   of  s o l i d ,   w h i c h   i s  

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

w i t h   s o d i u m   h y d r o x i d e ,   c h a r g e d   i n t o   t h e   a b o v e - m e n t i o n e d  

a p p a r a t u s   t o   c a r r y   o u t   l i q u i d   s e p a r a t i o n   u n d e r   a  p r e s s u r e  
of   0 . 1   k g / c m 2 G   f o r   45  m i n u t e s .  

S u b s e q u e n t l y ,   270  kg  of  m e t h a n o l   f o r   w a s h i n g  

was  a d d e d   i n t o   t h e   a p p a r a t u s   and  t h e r e   w a s  c a r r i e d   o u t  

s t i r r i n g   t r e a t m e n t   f o r   1  m i n u t e   w h e r e i n   t h e   n u m b e r s   o f  

r o t a t i o n   and  r e v o l u t i o n   w e r e   60  rpm  and   2  r p m  
r e s p e c t i v e l y .   A f t e r   t h e   s t i r r i n g   t r e a t m e n t ,   a  l i q u i d  

s e p a r a t i o n   was  a g a i n   c a r r i e d   o u t   f o r   20  m i n u t e s   u n d e r   a  

p r e s s u r e   of   0 . 1   k g / c m 2 G .  

The  t e m p e r a t u r e   of  a  j a c k e t   was  e l e v a t e d   up  t o  
7 0 ° C ,   and   n i t r o g e n   gas   of  50°C  was  b l o w n   i n t o   t h e  

a p p a r a t u s   a t   a  s p e e d   of   500  m 3 N / h r   t h r o u g h   an  i n l e t   p o r t  



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

v e s s e l   w h i l e   n i t r o g e n   gas   of  50°C  was  b l o w n  i n t o   t h e  

a p p a r a t u s   at   a  s p e e d   of  100  m 3 N / h r   t h r o u g h   an  i n l e t  

p o r t   f o r   d r y i n g   gas   d i s p o s e d   a t   t h e   u p p e r   p o r t i o n   of  t h e  

v e s s e l   in  o r d e r   to   d r y   f o r   120  m i n u t e s   u n d e r   t h e  

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

w e r e   60  rpm  and  3  rpm  r e s p e c t i v e l y .   A f t e r   d r y i n g ,   p o w d e r  

of  p o l y v i n y l   a l c o h o l   was  t a k e n   ou t   f r o m   an  o u t l e t   p o r t  

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

The  a v e r a g e   p a r t i c l e   s i z e   of  o b t a i n e d   p o w d e r   o f  

p o l y v i n y l   a l c o h o l   was  250  µm  and  t h e   c o n t e n t   r a t i o   o f  

v o l a t i l e   m a t t e r   and  s o d i u m   a c e t a t e   w e r e   0 . 2  %   and  0 . 9  %  

by  w e i g h t   r e s p e c t i v e l y .  

[ C o m p a r a t i v e   E x a m p l e   1 ]  

For   c o m p a r i s o n ,   t h e   same  t r e a t m e n t s   a s  

d e s c r i b e d   a b o v e   we re   c a r r i e d   o u t   e m p l o y i n g   c o n v e n t i o n a l  

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

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

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

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

c a k e s   to   an  a g i t a t e d   d r y e r   e n c a s e d   in   j a c k e t e d   t h r o u g h  

s h e l l ;   d r y i n g   o p e r a t i o n   of  wet   c a k e s   m a i n t a i n i n g   a  j a c k e t  

a t   70°C  and  b l o w i n g   n i t r o g e n   gas   of  50°C  i n t o   t h e   s y s t e m ;  

and  t r a n s p o r t   o p e r a t i o n   of  o b t a i n e d   p o w d e r   of  p o l y v i n y l  

a l c o h o l   to  a  h o p p e r   f o r   p a c k a g i n g .  

The  r e s u l t s   of  E x a m p l e   1  and  C o m p a r a t i v e  

E x a m p l e   1  a r e   s u m m a r i z e d   in  T a b l e   1 .  



[ E x a m p l e   2 ]  

1 , 5 0 0   Kg  of  s l u r r y   c o m p r i s i n g   573  Kg  of  c r u d e  

s o r b i c   a c i d ,   480  Kg  of  e t h a n o l   and   447  Kg  of  w a t e r   w a s  

c h a r g e d   i n t o   t h e   same  a p p a r a t u s   as  in   E x a m p l e   1  to   c a r r y  

o u t   d e s o l v i n g   s o r b i c   a c i d   by  h e a t i n g   t h e   s l u r r y   7 0 ° C  

f o r   30  m i n u t e s   u n d e r   s t i r r i n g   w h e r e i n   t h e   n u m b e r s   o f  

r o t a t i o n   and   r e v o l u t i o n   of  s t i r r i n g   a s s e m b l y   w e r e   50  r p m  
and  4  rpm  r e s p e c t i v e l y .  

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

s t i r r i n g   was  c o n t i n u i n g   and  t h e   s o l u t i o n   was  s l o w l y   c o o l e d  

t o   room  t e m p e r a t u r e   so  as  to   make  s o r b i c   a c i d   c r y s t a l l i z e  

o u t   of  t h e   s o l u t i o n .  

S u b s e q u e n t   to   c r y s t a l l i z a t i o n   of  s o r b i c   a c i d ,  

l i q u i d   s e p a r a t i o n   was  c a r r i e d   o u t   f o r   a b o u t   1 .5   h r s .  

u n d e r   a  p r e s s u r e   of   0 . 1   to   0 . 2   K g / c m 2 G .  

And  t h e n ,   t h e   t e m p e r a t u r e   of  a  j a c k e t   w a s  

e l e v a t e d   up  to   70°C  and  n i t r o g e n   gas   of  60°C  was  b l o w n  

i n t o   t h e   a p p a r a t u s   a t   a  s p e e d   of   400  m  N / h r   t h r o u g h   a n  

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

of  t h e   v e s s e l ,   w h i l e   n i t r o g e n   g a s   of   60°C  was  b lown   i n t o  

t h e   a p p a r a t u s   a t   a  s p e e d   of  100  m 3 N / h r   t h r o u g h   an  i n l e t  

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

v e s s e l   in   o r d e r   t o   d r y   t h e   wet   c r y s t a l   g r a i n   of  s o r b i c  

a c i d   f o r   4  h r s .   u n d e r   s t i r r i n g   w h e r e i n   t h e   n u m b e r s   o f  

r o t a t i o n   and  r e v o l u t i o n   of  s t i r r i n g   a s s e m b l y   w e r e   50  r p m  
and   4  rpm  r e s p e c t i v e l y .  

A f t e r   d r y i n g ,   t h e   c r y s t a l   g r a i n   of  s o r b i c   a c i d  

was  c o o l e d   t o   a b o u t   30°C  by  p a s s i n g   c o l d   w a t e r   t h r o u g h  
t h e   j a c k e t ,   and   t h e n ,   i t   was  t a k e n   o u t   f rom  an  o u t l e t  

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

p a c k a g i n g .  

543  Kg  of   p u r i f i e d   s o r b i c   a c i d   was  o b s t a i n e d  

and   t h e   c o n t e n t   r a t i o   of  v o l a t i l e   m a t t e r   was  0 . 1   %  b y  

w e i g h t .  

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

can  be  r e m a r k a b l y   i m p r o v e d   p u r i f i c a t i o n   p r o c e s s  

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

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



of  d r y i n g ,   and  t h e   l i k e   by  way  of  e m p l o y i n g   an  a p p a r a t u s  
of  t h e   p r e s e n t   i n v e n t i o n .   The  a p p a r a t u s   of  t h e   p r e s e n t  

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

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

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

c a r r i e d   ou t   e a s i l y .  

I t   i s   f u r t h e r   u n d e r s t o o d   by  t h o s e   s k i l l e d   i n  

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

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

c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  in  t h e   i n v e n t i o n  

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



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

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

c o n f i g u r a t i o n   w i t h   a  v e r t i c a l   c e n t r a l   a x i s ;   a  s t i r r i n g  

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

a d j a s c e n t   to   an  i n t e r n a l   p e r i p h e r a l   s u r f a c e   t h e r e o f ;   a n d  a  

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

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

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

t h e r e   i s   d i s p o s e d   a t   t h e   b o t t o m   of  t h e   v e s s e l   a  f i l t e r  

med ium  c o m p r i s i n g   p o r o u s   m a t e r i a l .  

2.  The  t r e a t i n g   a p p a r a t u s   of  c l a i m   1,  w h e r e i n   a  

v e r t i c a l   a n g l e   of  t h e   v e s s e l   h a v i n g   i n v e r t e d  

f r u s t o c o n i c a l   c o n f i g u r a t i o n   is   30  to   40  d e g r e e s .  

3.  The  t r e a t i n g   a p p a r a t u s   of  c l a i m   1,  w h e r e i n   a  

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

h e m i s p h e r i c .  

4.  The   t r e a t i n g   a p p a r a t u s   of  c l a i m   1,  w h e r e i n  

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

w i r e   s c r e e n .  




	bibliography
	description
	claims
	drawings

