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©  A  process  for  dispersing  one  fluid  in  another. 
©  A  process  for  dispersing  a  first  fluid  in  a  second  fluid 
having  a  relatively  higher  viscosity  comprising  the  following 
steps: 

(a)  providing  a  confined  zone  (21)  having  an  opening  at 
its  upstream  end,  an  opening  at  its  downstream  end,  and  a 
hypothetical  central  axis  (29)  running  from  its  upstream  end 
to  its  downstream  end; 

(b)  introducing  the  second  fluid  into  the  confined  zone 
(21  )  at  the  opening  in  its  upstream  end  in  such  a  manner  that 
the  second  fluid  passes  from  the  opening  in  the  upstream 
end  through  the  opening  in  the  downstream  end; 

(c)  dividing  the  first  fluid  into  a  plurality  of  streams  and 
introducing  the  streams  into  the  second  fluid  co-currently 
therewith  whereby: 

(i)  the  number  of  streams  is  in  the  range  of  about  25 
streams  per  square  foot  of  a  cross-section  of  the  confined 
zone  to  about  1000  streams  per  square  foot  of  the  cross- 
section; 

(ii)  the  cross-section  is  perpendicular  to  the  axis  (29); 
and 

(iii)  the  streams  are  about  equidistant  from  one  another, 
the  distance  between  the  streams  being  about  0.375  to  about 
2.5  inches. 

The  process  may  be  applied  in  oxygen  bleaching  of 
cellulose  pulp  by  introducing  the  oxygen  through  an  inlet 
(27)  into  a  plurality  of  small  pipes  (1-16)  having  outlet  ports 
(31). 
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A  P r o c e s s   f o r   D i s p e r s i n R   One  F l u i d   in  A n o t h e r  

T e c h n i c a l   F i e l d  

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

d i s p e r s i n g   a  f l u i d ,   w h i c h   may  be  a  gas   or  l i q u i d ,  

i n t o   a  h i g h   v i s c o s i t y   l i q u i d .  

B a c k g r o u n d   A r t  

In  c e r t a i n   t y p e s   of  s y s t e m s   i n v o l v i n g   t h e  

r e a c t i o n   a n d / o r   b l e n d i n g   of  a  m a t e r i a l   or  f l u i d   o f  

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

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

t h r o u g h o u t   t h e   mass   of  h i g h   v i s c o s i t y   m a t e r i a l .  

Such  a  s y s t e m   i s   t h e   b l e a c h i n g   of  med ium  c o n s i s t e n c y  

p u l p   w i t h   g a s e o u s   o x y g e n   or  w i t h   a q u e o u s   s o l u t i o n s  

of  c h l o r i n e   d i o x i d e ,   h y d r o g e n   p e r o x i d e ,   or  s o d i u m  

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

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

c h a r a c t e r i s t i c s   of  t h e   p a p e r   to   be  made  f rom  t h e  

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

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

to  make  t h e   p u l p   w h i t e r ,   t h e s e   s u b s t a n c e s   mus t   b e  

r e m o v e d .   O x i d a t i o n ,   r e d u c t i o n ,   or  h y d r o l y s i s   m a k e  

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

can  be  w a s h e d   away  by  a q u e o u s   s o l u t i o n s .   T h e  

i n i t i a l   s o l u b i l i z a t i o n   of  t h e   b u l k   of  t h e   l i g n i n   i s  

c a r r i e d   o u t   w i t h   n o n - o x i d i z i n g   s u b s t a n c e s   s u c h   a s  

a l k a l i e s ,   s u l f i d e s ,   or  s u l f i t e s ;   h o w e v e r ,  

c o n t i n u a t i o n   of  t h e   d i s s o l u t i o n   by  t h i s   means   i s  

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

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



S i n c e   l i g n i n   i s   r e a d i l y   o x i d i z e d   by  many  s u b s t a n c e s ,  

t h e   r e m a i n d e r ,   t h e n ,   i s   r e m o v e d   by  o x i d a t i o n   a n d  

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

a q u e o u s   a l k a l i .   C h l o r i n e ,   c h l o r i n e   d i o x i d e ,  

h y p o c h l o r i t e ,   h y d r o g e n   p e r o x i d e ,   o z o n e ,   and  o x y g e n  

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

o x i d i z i n g   a g e n t s .  

P u l p   b l e a c h i n g   p l a n t s   g e n e r a l l y   t r e a t   t h e  

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

o x i d i z i n g   a g e n t s .   An  a l k a l i n e   t r e a t m e n t   s t e p   i s  

o f t e n   p r o v i d e d   b e t w e e n   some  of  t he   o x i d i z i n g  

t r e a t m e n t   s t e p s   w i t h   a  w a t e r   wash  a f t e r   e a c h   s t e p .  

A  t y p i c a l   s e q u e n c e   w o u l d   be  to   s t a r t   w i t h   an  a q u e o u s  
c h l o r i n e   t r e a t m e n t ,   t h e n   a  w a t e r   w a s h ,   an  a l k a l i n e  

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

t r e a t m e n t ,   and  a  f i n a l   w a t e r   w a s h .   The  a p p a r a t u s   i n  

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

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

w a s h e r ,   a  s t e a m   m i x e r ,   a  t h i c k   s t o c k   pump,  an  u p f l o w  

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

c h l o r i n e   d i o x i d e   m i x e r ,   a  c h l o r i n e   d i o x i d e   t o w e r ,  

and  a  w a t e r   w a s h e r .  

I t   ha s   b e e n   known  f o r   some  t i m e   t h a t   t h e  

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

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

t r e a t m e n t   s t e p   p e r m i t s   e q u i v a l e n t   l e v e l s   o f  

b l e a c h i n g   to   be  o b t a i n e d   a t   r e d u c e d   c h l o r i n e  

d i o x i d e ( o r   o t h e r   o x i d a n t )   r e q u i r e m e n t s .   T h e  

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

d i f f i c u l t   to  d i s p e r s e   t h e   o x y g e n   gas  u n i f o r m l y  

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



l i e s   in   t h e   f a c t   t h a t   i t   is   n e c e s s a r y   to  c r e a t e  

t u r b u l e n c e   in  t he   v i s c o u s   m a t e r i a l   in  o r d e r   t o  

o b t a i n   a  good   d i s p e r s i o n ,   and  e a r l y   m i x i n g  

t e c h n i q u e s   w e r e   j u s t   n o t   up  to   t h i s   t a s k .  

T y p i c a l l y ,   t h e   p u l p   e n t e r i n g   t h e   a l k a l i n e  

e x t r a c t i o n   t o w e r   is   of  medium  c o n s i s t e n c y ,  

c o n t a i n i n g   a b o u t   t e n   to   a b o u t   f i f t e e n   p e r c e n t   b y  

w e i g h t   of  d ry   p u l p   a d m i x e d   w i t h   an  a l k a l i n e   a q u e o u s  
s o l u t i o n .   I t s   f low  c h a r a c t e r i s t i c s ,   or  v i s c o s i t y ,  

a r e   c o m p a r a b l e   to  t h a t   of  g r o u n d   mea t   or  d a m p  

p a p i e r - m a c h e .   If   t h e   o x y g e n   gas   is  n o t   w e l l  

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

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

w i l l   n o t   be  a b l e   to  t a k e   p l a c e   in  t h e   p o r t i o n   of  t h e  

p u l p   m a s s   u n e x p o s e d   to  t h e   o x y g e n .  

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

d i s p e r s i o n   of  t h e   o x y g e n   gas   in   t h e   p u l p   b y  

e m p l o y i n g   d y n a m i c   m e c h a n i c a l   m i x e r s .   Such  m i x e r s ,  

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

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

D i s c l o s u r e   of  t he   I n v e n t i o n  

An  o b j e c t   of  t h e   i n v e n t i o n ,   t h e r e f o r e ,   i s  

to  p r o v i d e   a  p r o c e s s   w h i c h   w i l l   d i s p e r s e   one  f l u i d  

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

f l u i d s   c h a r a c t e r i s t i c a l l y   has   a  r e l a t i v e l y   h i g h  

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

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

d e v i c e s .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   w i l l   b e c o m e  

a p p a r e n t   h e r e i n a f t e r .  



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

i m p r o v e m e n t   has   b e e n   d i s c o v e r e d   in  a  p r o c e s s   f o r  

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

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

s t e p s :  

(a )   p r o v i d i n g   a  c o n f i n e d   zone   h a v i n g  

an  o p e n i n g   a t   i t s   u p s t r e a m   e n d ,   an  o p e n i n g   a t   i t s  

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

r u n n i n g   f rom  i t s   u p s t r e a m   end  to   i t s   d o w n s t r e a m   e n d ;  

(b)   i n t r o d u c i n g   t h e   s e c o n d   f l u i d   i n t o  

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

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

t h e   o p e n i n g   in  t he   u p s t r e a m   end   t h r o u g h   t h e   o p e n i n g  

in  t h e   d o w n s t r e a m   e n d :  

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

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

i n t o   t h e   s e c o n d   f l u i d   c o - c u r r e n t l y   t h e r e w i t h   w h e r e b y :  

( i )   t h e   n u m b e r   of  s t r e a m s   i s   i n  

t h e   r a n g e   of  a b o u t   25  s t r e a m s   p e r   s q u a r e  
f o o t   of  a  c r o s s - s e c t i o n   of  t he   c o n f i n e d  

zone   to  a b o u t   1000  s t r e a m s   pe r   s q u a r e   f o o t  

of  t he   c r o s s - s e c t i o n ;  

( i i )   t h e   c r o s s - s e c t i o n   i s  

p e r p e n d i c u l a r   to   t h e   a x i s ;   a n d  

( i i i )   t h e   s t r e a m s   a r e   a b o u t  

e q u i d i s t a n t   f r o m   one  a n o t h e r ,   t h e   d i s t a n c e  

b e t w e e n   t h e   s t r e a m s   b e i n g   a b o u t   0 . 3 7 5   t o  

a b o u t   2 .5   i n c h e s .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g  

F i g u r e   1  is   a  s c h e m a t i c   d i a g r a m   of  a  v i e w  

of  a  c r o s s - s e c t i o n   t a k e n   f r o m   t h e   u p s t r e a m   o r  

d o w n s t r e a m   end  of  one  e m b o d i m e n t   of  t he   i n v e n t i o n .  



F i g u r e   2  i s   a  s i d e   v i ew  c r o s s - s e c t i o n   o f  

t h e   same  e m b o d i m e n t   s e e n   in   F i g u r e   1 .  

F i g u r e   3  i s   a  s c h e m a t i c   d i a g r a m   of  one  o f  

t h e   s m a l l   p i p e s   shown   in  F i g u r e   1  t a k e n   f rom  t h e  

d o w n s t r e a m   end  and  s h o w i n g   two  rows  of  o u t l e t  

p o r t s .   The  s m a l l   p i p e   has   b e e n   e n l a r g e d   o v e r   i t s  

c o u n t e r p a r t   i n ' F i g u r e   1 .  

F i g u r e   4  i s   a  s c h e m a t i c   d i a g r a m   of  a n  

e n l a r g e d   s e c t i o n   of  F i g u r e   3  s h o w i n g   some  of  t h e  

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

F i g u r e   5  i s   a  s c h e m a t i c   d i a g r a m   of  a  p l a n  

v iew  c r o s s - s e c t i o n   of  F i g u r e   4  s h o w i n g   d e t a i l   of  t h e  

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

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

W h i l e   t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

t e r m s   of  an  i m p o r t a n t   a p p l i c a t i o n ,   i . e . ,   p u l p  

b l e a c h i n g ,   i t   ha s   a p p l i c a t i o n   in  many  o t h e r  

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

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

v i s c o s i t y   f o o d   m a t e r i a l s ;   and  b l e n d i n g   e p o x y  

c o m p o n e n t s ,   and  o t h e r   p r o c e s s e s   w h e r e   d i s p e r s i o n   o f  

one  m a t e r i a l   in  a n o t h e r   i s   c o n s i d e r e d   to   be  a  

c r i t i c a l   f a c t o r .   L i q u i d / l i q u i d   and  g a s / l i q u i d  

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

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

l i q u i d   or  s e m i - l i q u i d .   The  l i q u i d   to  be  d i s p e r s e d  

can  a l s o   h a v e   a  r e l a t i v e l y   h i g h   v i s c o s i t y   p r o v i d e d  

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

s e c o n d   c o n f i n e d   z o n e s   and  t h e   p o r t s .  

The  p r o c e s s   p r o v i d e s   a  s e r i e s   of  s t e p s  

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

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



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

The  number   of  s t r e a m s   is   in  t h e   r a n g e   of  a b o u t   25  

s t r e a m s   p e r   s q u a r e   f o o t   of  c r o s s - s e c t i o n   of  t h e  

c o n f i n e d   zone   to   a b o u t   1000  s t r e a m s   p e r   s q u a r e   f o o t  

of  t he   c r o s s - s e c t i o n .   The  c r o s s - s e c t i o n   u s e d   h e r e  

i s   a  c r o s s - s e c t i o n   p e r p e n d i c u l a r   to   t h e   h y p o t h e t i c a l  

c e n t r a l   a x i s   r e f e r r e d   to   a b o v e .   The  c r o s s - s e c t i o n  

is   s e l e c t e d   a t   any  p o i n t   in  t h e   c o n f i n e d   zone   a t  

w h i c h   a l l   of  t h e   s t r e a m s   have   b e e n   f o r m e d .   T h i s   i s  

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

d o w n s t r e a m   end  of  t h e   z o n e ,   p r e f e r a b l y   c l o s e r   to  t h e  

m i d p o i n t .   The  p r e f e r r e d   number   of  s t r e a m s   is   in  t h e  

r a n g e   of  a b o u t   50  to   a b o u t   600  s t r e a m s   p e r   s q u a r e  
f o o t .   The  s t r e a m s   a r e   a b o u t   e q u i d i s t a n t   f rom  o n e  

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

0 . 3 7 5   to  a b o u t   2 . 5   i n c h e s   and  p r e f e r a b l y   a b o u t   0 . 5  

to  a b o u t   1 .7   i n c h e s .   The  d i r e c t i o n   of  f l o w   of  t h e s e  

s m a l l   s t r e a m s   of  l i q u i d   or  gas   b u b b l e s   i s   d e f i n e d   b y  

t he   f l ow  of  t h e   r e l a t i v e l y   h i g h e r   v i s c o s i t y   f l u i d .  

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

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

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

s u b j e c t   p r o c e s s .  
A  t y p i c a l   s t a t i c   m i x e r   has   a  m u l t i p l i c i t y  

of  b a f f l e s   l o c a t e d   in   a  p i p e .   The  b a f f l e s  

s e q u e n t i a l l y   s u b d i v i d e   and  mix  m a t e r i a l   f l o w i n g  

t h r o u g h   t h e   p i p e .   The  u t i l i z a t i o n   of  s u b j e c t  

p r o c e s s   u p s t r e a m   of  t h e   s t a t i c   m i x e r   p e r m i t s   a  

r e d u c t i o n   in  t h e   n u m b e r   of  b a f f l e s   ( o r   m i x i n g  

e l e m e n t s )   in  t h e   s t a t i c   m i x e r .  

I t   i s   a d v a n t a g e o u s   t h a t   t he   a p p a r a t u s ,  

w h i c h   can  be  u s e d   to   c a r r y   ou t   t he   p r o c e s s   of  t h i s  



i n v e n t i o n   i s   low  in  c a p i t a l   c o s t ,   low  in  m a i n t e n a n c e  

e x p e n s e ,   and  r e q u i r e s   min imum  m o d i f i c a t i o n s   t o  

e x i s t i n g   p l a n t   e q u i p m e n t .   In  a d d i t i o n   to   t h e s e  

a d v a n t a g e s ,   t h e   p r o c e s s   i t s e l f   is  one  in  w h i c h  

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

( i )   w i t h   o x y g e n   p r i o r   to   t h e   f i r s t   a l k a l i n e   b l e a c h  

s t a g e   or  ( i i )   w i t h   o t h e r   b l e a c h   c h e m i c a l s   s u c h   a s  

c h l o r i n e   d i o x i d e ,   h y p o c h l o r i t e ,   or  h y d r o g e n   p e r o x i d e  

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

in  t h e   o v e r a l l   c o s t   of  b l e a c h   c h e m i c a l s .  

A  p r e f e r r e d   a p p a r a t u s   u t i l i z e s   a  s e r i e s   o f  

r e l a t i v e l y   s m a l l   d i a m e t e r   p e r f o r a t e d   or  p o r o u s   p i p e s  

w i t h i n   a  r e l a t i v e l y   l a r g e r   d i a m e t e r   p i p e .   T h e  

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

z o n e .   The  p i p e s   a r e   made  of  c o n v e n t i o n a l   m a t e r i a l s  

s u c h   as  s t a i n l e s s   s t e e l .   In  a  t y p i c a l   p u l p  

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

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

t h i c k   s t o c k   pump  and  t h e   f i r s t   a l k a l i n e   e x t r a c t i o n  

t o w e r .   The  ma in   s t r e a m   of  p u l p   or  p u l p   mass   f l o w i n g  

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

10  to   a b o u t   15  p a r t s   by  w e i g h t   p u l p   s o l i d s   w i t h ,   t h e  

b a l a n c e ,   a  s o l u t i o n   of  w a t e r   and  a l k a l i ,   u s u a l l y  

d i l u t e .   T h i s   i s   c o n s i d e r e d   a  medium  c o n s i s t e n c y  

p u l p .   A  p l u r a l i t y   of  u n i f o r m   c o n t i n u o u s   o r  

d i s c o n t i n u o u s   s t r e a m s   of  o x y g e n   f l ow  in  a  d o w n s t r e a m  

d i r e c t i o n   f r o m   t h e   p e r f o r a t i o n s   or  p o r e s   of  t h e  

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

mass   s t r e a m   is   a b o u t   150  to  a b o u t   1000  m e t r i c   t o n s  

of  p u l p   s o l i d s   p e r   d a y .   The  f l ow  r a t e   of  t h e   o x y g e n  

i s   a b o u t   800  s t a n d a r d   c u b i c   f e e t   pe r   h o u r   ( s c f h )   t o  

a b o u t   5500  s c f h .  



The  s m a l l   p i p e s   a r e   c o n s i d e r e d   to  b e  

a r r a n g e d   in  s e t s   and  t h e r e   a r e   s e v e r a l   of  t h e s e   s e t s  

in  t h e   l a r g e   p i p e .   S p a c i n g   b e t w e e n   t h e   s m a l l   p i p e s  

in  a  s e t   and  b e t w e e n   t h e   s e t s   t h e m s e l v e s   is   b a l a n c e d  

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

u n i f o r m i t y   of  d i s p e r s i o n .   The  d i a m e t e r   a n d  

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

a f f e c t i n g   b r i d g i n g .   B r i d g i n g   i s   c a u s e d   by,   f o r  

e x a m p l e ,   t he   a c c u m u l a t i o n   of  a  h i g h l y   v i s c o u s  

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

b l o c k i n g   i t .   I t   is  of  e s p e c i a l   c o n c e r n   w i t h   m e d i u m  

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

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

to  b e c o m e   i n c r e a s i n g l y   more  r i g i d .   The  r a t e   a t  

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

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

f i b r o u s   mass   s u c h   as  f i b e r   l e n g t h ,   t h e   k i n d   o f  

f i b e r ,   p r i o r   t r e a t m e n t   of  t h e   f i b e r ,   and  t h e  

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

The  s m a l l   p i p e s   in  e a c h   s e t   a r e   a b o u t  

e q u a l l y   s p a c e d   f rom  one  a n o t h e r   and  a b o u t   1  to  a b o u t  

10  i n c h e s   a p a r t ,   p r e f e r a b l y   a b o u t   3  to   a b o u t   5 

i n c h e s   a p a r t .   The  s e t s   of  p i p e s   a r e   s p a c e d   a p a r t  

f rom  one  a n o t h e r   by  a b o u t   1  to   a b o u t   12  i n c h e s ,  

p r e f e r a b l y   a b o u t   3  to   a b o u t   6  i n c h e s .   I t   i s   a l s o  

p r e f e r r e d   t h a t   t he   p i p e s   in  e a c h   s e t   a r e   in  a  

s t a g g e r e d   r e l a t i o n s h i p   to   t h e   p i p e s   in   t h e   o t h e r  

s e t s .   In  t h i s   c a s e ,   i f   one  w e r e   to   t a k e   a n  

u p s t r e a m /   d o w n s t r e a m   c r o s s - s e c t i o n   t h r o u g h   one  o f  

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

o n l y   be  one  p i p e   in  t h e   c r o s s - s e c t i o n .  



T h e r e   a r e   a b o u t   2  to   a b o u t   6  s e t s   p r o v i d e d  

in  t h e   c o n f i n e d   zone  and  p r e f e r a b l y   a b o u t   3  to   a b o u t  

5  s e t s   and  t h e r e   a r e   a b o u t   3  to   a b o u t   8  s m a l l   p i p e s  

p e r   s e t ,   a b o u t   2  to  a b o u t   6  s m a l l   p i p e s   p e r   s e t  

b e i n g   p r e f e r r e d .  

R e f e r r i n g   to   t h e   D r a w i n g  

In  F i g u r e s   1  and  2,  p i p e   21  e n c l o s e s   t h e  

c o n f i n e d   z o n e .   I t   is   s u p p o r t e d   by  f l a n g e s   22  a n d  

23.   V a r i o u s   b r a c e s   and  w e l d s ( n o t   shown)   a l s o  

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

24  i s   f o r m e d   by  r i n g   25  and  c l o s u r e   r i n g s   26.  I t  

has   an  i n l e t   p i p e   27  and  an  o u t l e t   v a l v e   28.  S m a l l  

p i p e s   1,  4,  7.  10,  13,   and  16  r e p r e s e n t   t he   f i r s t  

s e t   of  s m a l l   p i p e s ;   s m a l l   p i p e s   2,  5,  8,  11,  and  1 4  

r e p r e s e n t   t h e   s e c o n d   s e t ; a n d   s m a l l   p i p e s   3,  6,  9 .  

12,   and  15,  t h e   t h i r d   s e t .   H y p o t h e t i c a l   a x i s   29  o f  

p i p e   21  r u n s   f rom  t he   u p s t r e a m   end  to  t he   d o w n s t r e a m  

e n d .   S m a l l   p i p e s   1,  2,  and  3  as  w e l l   as  t he   o t h e r  

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

29.  The  s m a l l   p i p e s   may  a l s o   be  i n c l i n e d   i n s o f a r   a s  

h y p o t h e t i c a l   a x i s   29  i s   c o n c e r n e d ,   t he   a n g l e   o f  

i n c l i n a t i o n   l y i n g   in  t h e   r a n g e   of  a b o u t   20°  to  a b o u t  

9 0 ° .   I t   i s   p r e f e r r e d   t h a t   t h e   a n g l e   be  t he   same  f o r  

a l l   s m a l l   p i p e s .   F u r t h e r ,   e a c h   s e t   l i e s   in  i t s   own 

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

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

d e s c r i b e d   as  two  d i m e n s i o n a l ,   i . e . ,   w i t h o u t   h e i g h t  

or  d e p t h ,   in   t h i s   c o n t e x t   i t   i s   c o n s i d e r e d   to   h a v e   a  

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

or  p i p e s   of  t h e   s e t   w h i c h   l i e   in  t he   p l a n e .   T h e  

p l a n e   b e a r s   t h e   same  a n g l e   of  i n c l i n a t i o n   as  t h e  

p i p e s   in  t h e   s e t ,   w h i c h   l i e s   in  t h a t   p l a n e .   B o t h  



e n d s   of  e a c h   s m a l l   p i p e   a r e   o p e n .   T h e s e   e n d s   a r e  

r e f e r r e d   to  as  i n l e t   p o r t s   3 0 .  

F i g u r e   3  i s   an  e n l a r g e m e n t   of  one  of  t h e  

s m a l l   p i p e s   2  t h r o u g h   15  s h o w i n g   o u t l e t   p o r t s   31  i n  

a  s t a g g e r e d   a r r a y .   The  s m a l l   p i p e   has   a  

h y p o t h e t i c a l   a x i s   32  w h i c h ,   of   c o u r s e ,   w o u l d   b e  

p e r p e n d i c u l a r   to  h y p o t h e t i c a l   a x i s   29  i f   shown  i n  

F i g u r e   2 .  

F i g u r e   4  i s   an  e n l a r g e m e n t   of  a  s e c t i o n   o f  

t h e   s m a l l   p i p e   shown  in  F i g u r e   3 .  

F i g u r e   5  i s   a  c r o s s - s e c t i o n   of  t he   s m a l l  

p i p e s   shown  in  F i g u r e s   3  and  4.  Axes  33  of  o u t l e t  

p o r t s   31  a r e   a t   a  n i n e t y   d e g r e e   a n g l e   to  e a c h   o t h e r ,  

and  p e r p e n d i c u l a r   to  h y p o t h e t i c a l   a x i s   3 2 .  

The  a n g l e   i s   more   p a r t i c u l a r l y   d e f i n e d   a s  

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

an  a n g l e   of  a b o u t   0°  to  a b o u t   9 0 ° ,   and  p r e f e r a b l y  

a b o u t   4 5 ° ,   f r o m   a  h y p o t h e t i c a l   l i n e   34  r u n n i n g  

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

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

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

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

p a r a l l e l   to  t h e   c e n t r a l   a x i s   of  t h e   c o n f i n e d   z o n e ,  
and  l y i n g   in   t h e   same  p l a n e   as  t h e   c e n t r a l   a x i s   o f  

t h e   o u t l e t   p o r t .  

The  f o l l o w i n g   e x a m p l e   i l l u s t r a t e s   t h e  

i n v e n t i o n :  

E x a m p l e  

S u b j e c t   p r o c e s s   i s   c a r r i e d   o u t   in  t h e  

a p p a r a t u s   d e s c r i b e d   a b o v e .   The  a p p a r a t u s   i s   l o c a t e d  

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

c o n v e n t i o n a l   b l e a c h i n g   p r o c e s s .   The  n o r m a l   f l o w  



r a t e   t h r o u g h   t h e   a p p a r a t u s   i s   350  m e t r i c   t o n s   p e r  

day  of  p u l p   s o l i d s   (o r   p u l p   mass   on  an  a i r   d r i e d  

b a s i s ) .   P u l p   mass   f rom  t he   w a s h e r   f o l l o w i n g   t h e  

c h l o r i n e   s t a g e   i s   made  a l k a l i n e   and  is  h e a t e d   p r i o r  

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

a l k a l i n e   e x t r a c t i o n   r e a c t i o n   t o w e r .   The  i n i t i a l  

p u l p   mass   i s   a  m i x t u r e   of  11  p e r c e n t   p u l p   s o l i d s   a n d  

89  p e r c e n t   w a t e r .   The  a p p a r a t u s   is   i n s e r t e d   i n t o   a  

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

mass   i n t o   t h e   b o t t o m   of  t h e   u p f l o w   t o w e r .   P i p e   21  

is   2 3 . 2 5   i n c h e s   in  i n n e r   d i a m e t e r   and  is   18  i n c h e s  

l o n g .   T h e r e   a r e   s i x t e e n   s m a l l   p i p e s ,   p l a c e d   a s  

shown  in   t h e   d r a w i n g ,   e q u i d i s t a n t   f rom  a d j a c e n t  

p i p e s .   T h e r e   a r e   t h r e e   s e t s   of  s m a l l   p i p e s ,   t h e  

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

p i p e s   a r e   0 . 3 0   i n c h   in  i n n e r   d i a m e t e r   and  0 . 5 4   i n c h  

in  o u t e r   d i a m e t e r .   They  a r e   S c h e d u l e   80  p i p e s   m a d e  

of  AISI   304  s t a i n l e s s   s t e e l .   S m a l l   p i p e s   1  and  16  

have   one  row  of  o u t l e t   p o r t s   31  and  s m a l l   p i p e s   2 

t h r o u g h   15  h a v e   two  rows  of  o u t l e t   p o r t s   31.  E a c h  

row  of  o u t l e t   p o r t s   31  is  c e n t e r e d   on  i t s   s m a l l  

p i p e ,   e . g .   w h e r e   t he   s m a l l   p i p e   is  1 0 . 5   i n c h e s   l o n g ,  

t h e   row  is   o n l y   a b o u t   6 .5   i n c h e s   l o n g   and  two  i n c h e s  

a t   e i t h e r   end  of  t he   p i p e   h a v e   no  o u t l e t   p o r t s .   T h e  

l e n g t h s   of  e a c h ,   i . e . ,   p i p e   and  row,   a r e   as  f o l l o w s :  



O u t l e t   p o r t s   31  have   i n n e r   d i a m e t e r s   of  0 . 0 2 5   i n c h  

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

p o r t s   31  in   t h e   same  row.   T h u s ,   i f   a l l   of  t h e  

o u t l e t   p o r t s   31  in  e a c h   of  s m a l l   p i p e s   2  to  15  w e r e  

in  t h e   same  row,   t h e y   w o u l d   be  1 . 5   i n c h e s   a p a r t .  

The  a x e s   of  o u t l e t   p o r t s   31  a r e   a t   t h e   a n g l e s   s h o w n  

in  F i g u r e   5,  t he   a x e s   of  o u t l e t   p o r t s   31  in  s m a l l  

p i p e s   1  and  16  b e i n g   d i r e c t e d   to   t he   i n t e r i o r   o f  

p i p e   21.   The  number   of  s t r e a m s   p e r   s q u a r e   f o o t   o f  

c r o s s - s e c t i o n   is  6 4 .  

O x y g e n   a t   a  p r e s s u r e   of  a b o u t   120  p s i g   i s  

i n t r o d u c e d   t h r o u g h   i n l e t   p i p e   27  (one   i n c h   i n t e r n a l  

d i a m e t e r ,   S c h e d u l e   40)  i n t o   a n n u l a r   c h a m b e r   24.   I t  

t h e n   p a s s e s   i n t o   t he   s m a l l   p i p e s   t h r o u g h   i n l e t   p o r t s  

30  and  o u t   t h r o u g h   o u t l e t   p o r t s   31  i n t o   p i p e   2 1  

( w a l l   0 . 3 7 5   i n c h   t h i c k ) .   The  a m o u n t   of  o x y g e n  
i n t r o d u c e d   i s   4  k i l o g r a m s   p e r   m e t r i c   t on   of  p u l p  

s o l i d s .  

I t   i s   f o u n d   t h a t   t h e   q u a n t i t y   of  b l e a c h  

c h e m i c a l s   r e q u i r e d   to  a c h i e v e   t h e   p l a n t ' s   t a r g e t  



b r i g h t n e s s   of  90  E l e p h r o   is   s u b s t a n t i a l l y   r e d u c e d ,  

e . g . ,   a  r e d u c t i o n   of  18  p e r c e n t   in  c h l o r i n e   d i o x i d e  

and  of  8  p e r c e n t   in  c h l o r i n e   i s   f o u n d .  



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

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

v i s c o s i t y   c o m p r i s i n g   t h e   f o l l o w i n g   s t e p s :  

( a )   p r o v i d i n g   a  c o n f i n e d   zone   h a v i n g  

an  o p e n i n g   a t   i t s   u p s t r e a m   e n d ,   an  o p e n i n g   a t   i t s  

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

r u n n i n g   f rom  i t s   u p s t r e a m   end  to  i t s   d o w n s t r e a m   e n d ;  

(b )   i n t r o d u c i n g   t he   s e c o n d   f l u i d   i n t o  

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

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

t h e   o p e n i n g   in  t h e   u p s t r e a m   end  t h r o u g h   t h e   o p e n i n g  

in  t h e   d o w n s t r e a m   e n d ;  

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

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

i n t o   t h e   s e c o n d   f l u i d   c o - c u r r e n t l y   t h e r e w i t h   w h e r e b y :  

( i )   t h e   n u m b e r   of  s t r e a m s   is   i n  

t he   r a n g e   of  a b o u t   25  s t r e a m s   p e r   s q u a r e  

f o o t   of  a  c r o s s - s e c t i o n   of  t h e   c o n f i n e d  

zone  to  a b o u t   1000   s t r e a m s   p e r   s q u a r e   f o o t  

of  t h e   c r o s s - s e c t i o n ;  

( i i )   t h e   c r o s s - s e c t i o n   i s  

p e r p e n d i c u l a r   to   t h e   a x i s ;   a n d  

( i i i )   t h e   s t r e a m s   a r e   a b o u t  

e q u i d i s t a n t   f r o m   one  a n o t h e r ,   t h e   d i s t a n c e  

b e t w e e n   t h e   s t r e a m s   b e i n g   a b o u t   0 . 3 7 5   t o  

a b o u t   2 .5   i n c h e s .  

2.  The  p r o c e s s   d e f i n e d   in  c l a i m   1  w h e r e i n  

t h e   number   of  s t r e a m s   i s   in  t h e   r a n g e   of  a b o u t   50  t o  

a b o u t   600  pe r   s q u a r e   f o o t   of  c r o s s - s e c t i o n .  



3.  The  p r o c e s s   d e f i n e d   in  c l a i m   2  w h e r e i n  

t h e   d i s t a n c e   b e t w e e n   t h e   s t r e a m s   is   a b o u t   0 .5   t o  

a b o u t   1 .7   i n c h e s .  

4.  The  p r o c e s s   d e f i n e d   in  c l a i m   1  w h e r e i n  

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

of  a b o u t   10  to   a b o u t   15  p e r c e n t   by  w e i g h t   p u l p  

s o l i d s   and ,   t h e   b a l a n c e ,   an  a l k a l i n e   s o l u t i o n .  

5.  The  p r o c e s s   d e f i n e d   in  c l a i m   4  w h e r e i n  

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

i n t r o d u c e d   i n t o   t he   p u l p   mass  in  an  a m o u n t   of  a b o u t  

2 .5   to  a b o u t   7 .5   k i l o g r a m s   of  o x y g e n   p e r   m e t r i c   t o n  

of  p u l p   s o l i d s .  

6.  The  p r o c e s s   d e f i n e d   in   c l a i m   1  w h e r e i n  

t h e   f i r s t   f l u i d / s e c o n d   f l u i d   d i s p e r s i o n   i s   m i x e d  

d o w n s t r e a m   of  t h e   c o n f i n e d   z o n e .  

7.  The  p r o c e s s   d e f i n e d   in  c l a i m   6  w h e r e i n  

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