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(54)  Process  and  apparatus  for  cleaning  an  oil  contaminated  vessel. 
  An  apparatus  and  process  adapted  to  clean  oil  contami- 
nated  vessels  (1)  which  uses  a  closed  fluidized  system  (10) 
through  which  fluidized  sludge  is  recirculated  to  be  sprayed 
under  pressure  on  interior  walls  of  the  vessel.  Emulsifying 
agents  are  added  to  the  vessel  to  initially  form  a  pool  of 
fluidized  sludge  in  the  vessel  which  is then  conveyed  to  a  tank 
and  from  the  tank  conveyed  to  a  high  pressure  spray  where  it 
is  sprayed  onto  the  walls  to  fluidize  more  sludge. 



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

c l e a n i n g   an  o i l   c o n t a m i n a t e d   v e s s e l   h a v i n g   one  or   m o r e  

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

V e s s e l s   c o n t a i n i n g   o i l ,   s u c h   as  s t o r a g e   t a n k s ,  

t a n k   c a r s ,   o c e a n g o i n g   t a n k e r s ,   b a r g e s ,  p i p e l i n e s   or   o t h e r  

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

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

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

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

B u i l d   up  of   s u c h   s l u d g e   o v e r   a  p e r i o d   of  t i m e   s u b t r a c t s  

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

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

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

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

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

C o n s e q u e n t l y  t h e   i n t e r i o r s   of   s u c h   v e s s e l s   m u s t   be  c l e a n e d  

f rom  t i m e   to   t i m e   of   a c c u m u l a t i o n   o f   s l u d g e .  

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

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

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

or   c a r r y   o t h e r   g r a d e s   o f   o i l s .   I t   t h u s   b e c o m e s   n e c e s s a r y  

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

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

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

to   t i m e   so  t h a t   t h e y   may  be  e n t e r e d   f o r   p e r i o d i c   i n s p e c t i o n  

or   f o r   r e p a i r   in   t h e   e v e n t   o f   d a m a g e .  

E x i s t i n g   t e c h n i q u e s   f o r   c l e a n i n g   o i l   c a r r y i n g  

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

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

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



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

c l e a n i n g   s y s t e m s   i n v o l v e   t h e   use   of   l a r g e   v o l u m e s   of  w a t e r .  
T h i s   t e c h n i q u e  o f   c l e a n i n g   has   p r o v e d   to   be  l a b o r   i n t e n s i v e ,  

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

l a r g e   v o l u m e s   of   o i l   c o n t a m i n a t e d   w a s t e   w a t e r .   V e s s e l s  

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

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

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

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

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

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

c o n t a m i n a t e d   v e s s e l   w h i c h   w i l l   u t i l i z e   a  m in imum  of   w a t e r  

and  w h i c h   w i l l   s u b s t a n t i a l l y   c o m p l e t e l y   c l e a n   an  o i l  

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

s h o r t   t i m e   and  a t   m i n i m a l   e x p e n s e .  

I t   i s   a  s t i l l   f u r t h e r   o b j e c t   o f   t h e   i n v e n t i o n   t o  

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

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

may  be  c o n v e n i e n t l y   r e c o v e r e d   f o r   f u r t h e r   u s e .  

B r o a d l y   a  p r o c e s s   f o r   c l e a n i n g   an  o i l   c o n t a m i n a t e d  

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

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

has   a  t a n k ,   a  d i s c h a r g e   m e a n s   e x t e n d i n g   f r o m   t h e   i n t e r i o r  

of   a  c o m p a r t m e n t   w i t h i n   t h e   v e s s e l   to  t h e   t a n k   and  a  

p r e s s u r i z e d   s p r a y   means   e x t e n d i n g   f rom  t h e   t a n k   to   t h e  

i n t e r i o r   of   t h e   c o m p a r t m e n t   by  w h i c h   t h e   c o n t e n t s   of   t h e   t a n k  

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

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

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

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

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

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

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

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



c o n t a i n i n g   f l u i d i z e d   s l u d g e .   T h i s   f l u i d i z e d   s l u d g e   i s   t h e n  
d i s c h a r g e d   f rom  t h e   v e s s e l   to  t h e   t a n k   w h e r e   i t   i s   r e c i r -  

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

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

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

a  f i l m   of  s e l f   e m u l s i f i a b l e   o i l .  

The  f l u i d i z i n g   a g e n t   may  be  i n i t i a l l y   a d d e d   d i r e c t l y  
to   t h e   c o m p a r t m e n t   to   form  an  i n i t i a l   p o o l   of   f l u i d i z e d  

s l u d g e   w h i c h   i s   t h e n   c o n v e y e d   to   t h e   t a n k   o r   t h e   a g e n t   may  
be  a d d e d   d i r e c t l y   to   t h e   t a n k   a f t e r   w h i c h   i t   i s   c i r c u l a t e d  

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

w a l l s   of   t h e   c o m p a r t m e n t   so  as  to   f o rm  a  p o o l   o f   f l u i d i z e d  

s l u d g e .  

P r e f e r a b l y   t h e   f l u i d i z e d   s l u d g e   i s   h e a t e d   c o n v e n -  

i e n t l y   by  a  h e a t   e x c h a n g e r   in  t h e   t a n k   to   f u r t h e r   e n h a n c e  

t h e   c l e a n i n g   a c t i o n .   The  t a n k   i t s e l f   may  a c t   as  a  s e t t l i n g  

t a n k   to   c a p t u r e   any  l a r g e   s o l i d s   s u c h   as  r u s t   o r   s a n d  

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

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

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

to   t h e   s y s t e m ,   e i t h e r   d i r e c t l y   to   t h e   t a n k   or   t o   t h e   c o m -  

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

The  p r o c e s s   may  i n c l u d e   t h e   f u r t h e r   s t e p   o f  

p e r i o d i c a l l y   r e m o v i n g   e x c e s s   o i l   f r om  t he   c l o s e d   s y s t e m   a n d  

t r a n s f e r r i n g   i t   to   a  h o l d i n g   t a n k .  

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

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

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

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

wash  s y s t e m .   The  r i n s e   w a t e r   i s   t h e n   s t r i p p e d   f rom  t h e  

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

a l l o w e d   to   s e p a r a t e   f rom  t h e   w a t e r .   The  r e c o v e r e d   o i l   m a y  

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

w a t e r   may  be  d r a w n   o f f   and  u s e d   in   s u b s e q u e n t   r i n s i n g .   By 

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

same  t i m e   o i l   i s   r e c o v e r e d .  



The  p r o c e s s   d e s c r i b e d   a b o v e   may  use   w a t e r   as  a  

c o m p o n e n t   of   a  wash   s o l u t i o n   when  t h e   v e s s e l   b e i n g   c l e a n e d  

c o n t a i n s   low  g r a d e   o i l   o r   c r u d e   o i l   s l u d g e .   In  t h i s   c a s e  

t h e   s l u d g e   i t s e l f   may  c o n t a i n   f rom  0  to   40%  w a t e r   as  a  

w a t e r   in   o i l   e m u l s i o n .   The  f l u i d i z i n g   a g e n t   s e r v e s   t o  

i n v e r t   t h e   e m u l s i o n   to   f o rm  an  o i l   in   w a t e r   e m u l s i o n   h a v i n g  

much  b e t t e r   f l o w   c h a r a c t e r i s t i c s .   #6  o i l   n o r m a l l y   does   n o t  

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

be  w a t e r   f r e e   when  v e s s e l s   c o n t a i n i n g   such   o i l   a r e   c l e a n e d .  

The  p r o c e s s   d e s c r i b e d   a b o v e   i s   a l s o   a p p l i c a b l e   f o r  

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

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

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

or   f u r t h e r   c o m p a r t m e n t   to   fo rm  an  i n i t i a l   p o o l   o f   f l u i d i z e d  

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

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

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

An  a p p a r a t u s   c o n s t r u c t e d   a c c o r d i n g   to   ou r   i n v e n t i o n  

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

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

t a n k   and  a d a p t e d   to   e x t e n d   i n t o   t h e   i n t e r i o r   o f   a  c o m p a r t m e n t  

c o n t a i n i n g   s l u d g e   and  a  d i s c h a r g e   means   h a v i n g   one  e n d  

c o n n e c t e d   t o - t h e   t a n k   and  an  o p p o s i t e   end  a d a p t e d   to   b e  

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

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

The  p r e s s u r i z e d   s p r a y   means   p r e f e r a b l y   i n c l u d e s   a  

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

pumps  b e i n g   o f   e q u a l   c a p a c i t y   and  d r i v e n   by  a  common  d r i v e  

means   to   a s s u r e   t h a t   b o t h   o p e r a t e   w i t h   e q u a l   t h r o u g h p u t .  

The  p u m p s ,   d r i v e   means   and  t a n k   a r e   m o u n t e d   on  a  

common  b a s e   s u c h   as  a  s k i d   to   f o rm  a  u n i t   w h i c h   can  b e  

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

d e c k   o f   a  b a r g e ,   in   o r d e r   to   c l e a n   c a r g o  c o m p a r t m e n t s .  

The  t a n k   p r e f e r a b l y   h a s   a  v e r t i c a l   b a f f l e   t h e r e i n  

d i v i d i n g   t h e   t a n k   i n t o   a  s o l i d s   s e t t l i n g   p o r t i o n  a n d   i n t o   a  

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



s p r a y   m e a n s .  

The  a p p a r a t u s   a l s o   p r e f e r a b l y   may  i n c l u d e   a  

s e p a r a t i n g   t a n k   in  w h i c h   e x c e s s   o i l   o r   e m u l s i o n   may  b e  

t r a n s f e r r e d   f r o m   t h e   c l o s e d   f l u i d i z e d   c i r c u i t .   O i l   i s  

a l l o w e d   to   s e p a r a t e   f rom  t h e   e m u l s i o n   in  t h e   s e p a r a t i n g   t a n k  
w h e r e   i t   i s   t h e n   r e m o v e d   f o r   f u r t h e r   u s e   w h i l e   t h e   r e m a i n i n g  
w a t e r   i s   a v a i l a b l e   f o r   f u r t h e r   u s e .  

The  i n v e n t i o n   w i l l   be  e x e m p l i f i e d   h e r e a f t e r   w i t h  

r e f e r e n c e   to  t h e   d r a w i n g s   on  w h i c h  :  
F i g u r e   1  i s   a  d i a g r a m m a t i c   v i e w   of   an  a p p a r a t u s  

c o n s t r u c t e d   a c c o r d i n g   to   t h e   i n v e n t i o n   m o u n t e d   in   p a r t   on  a n  
o i l   t a n k e r   h a v i n g   a  p l u r a l i t y   o f   c o m p a r t m e n t s   to   be  c l e a n e d :  

a n d ,  

F i g u r e   2  is  an  e n l a r g e d   s e c t i o n a l   v i e w   of   a  p o r t i o n  
of   t h e   a p p a r a t u s   d i s c l o s e d   in   F i g u r e   1 .  

R e f e r r i n g   to   F i g u r e   1,  t h e r e   i s   i l l u s t r a t e d   a  v e s s e l  

in   t h e   f o r m   of   an  o i l   t a n k e r   1  h a v i n g   a  p l u r a l i t y   o f  c a r g o  

c o m p a r t m e n t s   2,  3,  4  and  5  a c c e s s i b l e   by  h a t c h e s   6 .  

An  a p p a r a t u s   10  a d a p t e d   t o   c l e a n   t h e   c o m p a r t m e n t s  

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

a v a i l a b l e   f o r   o p e r a t i o n .   As  s h o w n  i n   F i g u r e   2,  t h e   a p p a r a t u s  

c o m p r i s e s   a  t a n k   20,  a  d i s c h a r g e   m e a n s   21  h a v i n g   one  end  22 

c o n n e c t e d   to  t h e   t a n k   20  and  an  o p p o s i t e  e n d   23,  shown  i n  

F i g u r e   1,  a d a p t e d   to   e x t e n d   i n t o   a  p o o l  2 4   of  f l u i d i z e d   s l u d g e  

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

an  e m u l s i o n   f r o m   t h e   c o m p a r t m e n t   i n t o   t h e   t a n k   2 0 .  

The  a p p a r a t u s   10  a l s o   i n c l u d e s   a  p r e s s u r i z e d   s p r a y  

means   25  t e r m i n a t i n g   in   a  s p r a y   h e a d   or   n o z z l e   26  a d a p t e d   t o  

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

e m u l s i o n   c o n t a i n e d   in   t h e   t a n k   20  may  be  s p r a y e d   u n d e r  

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

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

The  p r e s s u r i z e d   s p r a y   m e a n s   25  i n c l u d e s   a  f i r s t  

pump  30  t o   c o n v e y   e m u l s i o n   u n d e r   p r e s s u r e   to   t h e  n o z z l e   2 6 .  

I f   d e s i r e d ,  f i l t e r   means   31  may  be  i n c l u d e d   in   t h e   p r e s s u r i z e d  



s p r a y   means   to   c a t c h   and  f i l t e r   any  d e b r i s   t h a t   m i g h t   c l o g  
t h e   n o z z l e   2 6 .  

The  d i s c h a r g e   means   21  i n c l u d e s   a  s e c o n d   pump  3 2  

t h e   i n t a k e   o f   w h i c h   i s   a d a p t e d   to   c o m m u n i c a t e   w i t h   a  

c o m p a r t m e n t   and  t h e   o u t l e t   of  w h i c h   e x t e n d s   to   t h e . t a n k   2 0 .  

Pumps  30  and  32  a r e   of   e q u a l   c a p a c i t y   and  a r e  

p r e f e r a b l y   d r i v e n   by  a  common  d r i v e   means   36  in  t h e   f o rm  o f  

an  i n t e r n a l   c o m b u s t i o n   e n g i n e   or   e l e c t r i c   m o t o r .   The  p u m p s  
a r e   c o u p l e d   t h r o u g h   i n d e p e n d e n t   t r a n s m i s s i o n s   so  t h a t   t h e y  

may  be  o p e r a t e d   i n d e p e n d e n t l y   o r   a t   t h e   same  s p e e d   and  t h r o u g h -  

p u t .  

The  t a n k   20,  pumps  30  and   32  as  w e l l   as  t h e   c o m m o n  
d r i v e   means   36  a r e   m o u n t e d   on  a  b a s e   o r   s k i d   38  so  t h a t   t h e  

s e v e r a l   p a r t s   m a k i n g   up  t h e   a p p a r a t u s   may  be  c o n s i d e r e d   a s  

a  u n i t   w h i c h   may  be  e a s i l y   l i f t e d   o n t o   t h e   deck   or  o t h e r  

p o r t i o n   of   a  v e s s e l   to   be  c l e a n e d .  

The  t a n k   20  b e s i d e s   a c t i n g   as  a  h o l d i n g   t a n k   a l s o  

a c t s   as  a  s e t t l i n g   t a n k   to   e n t r a p   l a r g e   s o l i d s ,   s u c h   as  s a n d  

or   r u s t   p a r t i c l e s ,   t h a t   may  be  c i r c u l a t e d   w i t h i n   t h e   t a n k .  

To  a s s i s t   in   t h i s   f u n c t i o n  a   v e r t i c a l l y   e x t e n d i n g   b a f f l e   40  

e x t e n d s   u p w a r d l y   f r o m   t h e   b o t t o m   of  t h e   t a n k   a b o u t   t h r e e  

q u a r t e r s   of   t h e   h e i g h t   of   t h e   t a n k   to   d i v i d e   t he   t a n k   i n t o   a  

s o l i d s   s e t t l i n g   p o r t i o n   41  and  a  s o l i d s   f r e e   p o r t i o n   42.  T h e  

end  22  of   t h e   d i s c h a r g e   means   21  d i s c h a r g e s   i n t o   t h e  t o p   o f  

t h e   s o l i d s   s e t t l i n g   p o r t i o n   41  w h i l e   t h e   i n t a k e   of  t h e   p u m p  
30  d r a w s   f rom  t h e   b o t t o m   of   t h e   s o l i d s   f r e e   p o r t i o n   42  w h i c h  

f u r t h e r   m i n i m i z e s   l i k e l i h o o d   of   s o l i d s   b e i n g   drawn  i n t o   t h e  

pump  3 0 .  

P r e f e r a b l y   a  h e a t   t r a n s f e r   means   in   t h e   form  o f  

c o i l s   45  a r e   c o n t a i n e d   in   t h e   t a n k   20  to   h e a t   t h e   c i r c u l a t e d  

e m u l s i o n   to  f u r t h e r   e n h a n c e   c l e a n i n g   a c t i o n .   The  c o i l s   m a y  

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

a  c o n v e n i e n t   l o c a t i o n ,   as  f o r   e x a m p l e   an  o n - s h o r e   s i t e ,   w h i c h  

h e a t s   a  h e a t   t r a n s f e r   f l u i d ,   f o r   e x a m p l e   s t e a m ,   wh ich   i s  

c i r c u l a t e d   t h r o u g h   t h e   c o i l s .   W h i l e   t h e   c o i l s   a r e   shown  i n  

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



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

d e f i n e d   by  t h e   d i s c h a r g e   means   21,  t h e   t a n k   20  and  t h e  

p r e s s u r i z e d   s p r a y   means   2 5 .  

The  a p p a r a t u s   p r e f e r a b l y   a l s o   has   a  s e p a r a t i n g   t a n k  

50  s i t e d   on  s h o r e   to  w h i c h   e x c e s s   o i l   or  e m u l s i o n   is   d r a w n  

by  a  pump  51  t h r o u g h   a  d i s c h a r g e   c o n d u i t   52  w h i c h   as  s h o w n  

e x t e n d s   i n t o   t h e   p o o l   of  f l u i d i z e d   s l u d g e   24.  The  c o n d u i t  

52  c o u l d   j u s t   as  c o n v e n i e n t l y   e x t e n d   to   t h e   t a n k   20  or  o t h e r  

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

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

e m u l s i o n   in   t h e   s e p a r a t i n g   t a n k   50  w h e r e   i t   may  be  r e m o v e d  

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

w a t e r   i s   t h e n   a v a i l a b l e   t o   be  r e t u r n e d   by  c o n d u i t   52  to   a  

h o l d i n g   t a n k   n o t   shown,   w h e r e   i t   i s   a v a i l a b l e   f o r   s u b s e q u e n t  

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

The  s p r a y   h e a d   or   n o z z l e   26  p r e f e r a b l y   c o m p r i s e s   a  

j e t   n o z z l e   and  may  be  of   t h e   p o r t a b l e   t y p e   s u c h   as  a  

G u n c l e a n   270  A  m a n u f a c t u r e d   by  S a l e n   and  W i c a n d e r   M a r i n   AB, 

G o t h e n b u r g ,   S w e d e n .   The  n o z z l e   i s   f u r t h e r   p r e f e r a b l y  

p r o g r a m m a b l e   and  d r i v e n   by  a i r   so  as  to   move  t h r o u g h   p r e -  
d e t e r m i n e d   a r c s   b o t h   in  v e r t i c a l   p l a n e s   and  in   h o r i z o n t a l  

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

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

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

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

n o t   come  i n t o   c o n t a c t   w i t h   a  c a r g o  o r   a  s t o r e d   m a t e r i a l   so  i n  

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

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

v e s s e l .  

We  have   f o u n d   t h a t   an  a p p a r a t u s   as  d e s c r i b e d  

o p e r a t e s   s u c c e s s f u l l y   w h e r e   t h e   t a n k   20  has   a  c a p a c i t y   o f  

a p p r o x i m a t e l y   250  g a l l o n s   and  pump  p r e s s u r e   i s   on  t h e   o r d e r  

of   1 0 0 - 1 5 0   p s i g .   The  pumps  t h e m s e l v e s   may  be  of   a  p r o g r e s s i v e  

c a v i t y   t y p e   as  m a n u f a c t u r e d   by  Moyno  P r o d u c t s ,   R o b b i n s   & 

M y e r s ,   I n c . ,   S p r i n g f i e l d ,   O h i o .  



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

s l u d g e   u t i l i z i n g   t h e   a p p a r a t u s   as  d e s c r i b e d   a b o v e   i s   a s  
f o l l o w s :  

A p p r o x i m a t e l y   one   f i f t y - f i v e   g a l l o n   drum  of   a n  

e m u l s i f y i n g   a g e n t   i s   a d d e d   to   an  end  c o m p a r t m e n t   of   a  v e s s e l  

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

a p p r o x i m a t e l y   two  t h o u s a n d   b a r r e l s ,   f o r   e x a m p l e ,   c o m p a r t m e n t  
2  of  t h e   t a n k e r   shown  in  F i g u r e   1.  A  h o s e   i s   a t t a c h e d   t o  

t h e   s u c t i o n   s i d e   of   t h e   pump  32  and  l o w e r e d   t o   a  p i c k u p  

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

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

t a n k e r   to   l o w e r   one  e n d .  

The  e m u l s i f y i n g   a g e n t   w i l l   f l u i d i z e   some  of   t h e  

s l u d g e   in   t h e   t a n k   so  as  to   f o r m   a  p o o l   of   f l u i d i z e d   s l u d g e .  

As  t h e   s l u d g e   b e c o m e s   f l u i d i z e d ,   i t   is   c o n v e y e d   to   t h e   t a n k  

20  by  t h e   pump  32  w h e r e   i t   c a n  b e   h e a t e d   and  t h e   f l u i d i z e d  

s l u d g e   or   e m u l s i o n   ( i n   t h e   c a s e   of   c r u d e   o i l )   i s   t h e n  

c i r c u l a t e d   t h r o u g h   t h e   t a n k   20  i n t o   t h e   p r e s s u r i z e d   s p r a y  

means   and  o n t o   t h e   w a l l s   of   t h e   c o m p a r t m e n t .   T h i s  

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

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

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

f l u i d i z e d .   D u r i n g   t h i s   t i m e   i t   may  become   n e c e s s a r y   to   a d d  

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

or   e m u l s i o n   to   m a i n t a i n   f l u i d i t y   of   t h e   s l u d g e   w h i c h   can   b e  

d e t e r m i n e d   by  c h e c k i n g   t h e   f l u i d i t y   in  t h e   t a n k   2 0 .  

When  a l l   of   t h e   s l u d g e   in   t he   t a n k   has   b e e n  

f l u i d i z e d ,   i t   i s   pumped   i n t o   t h e   s e p a r a t i n g   t a n k   50  and  t h e  

n o z z l e   26  i s   moved  to   t h e   n e x t   a d j a c e n t   c o m p a r t m e n t   3.  A 

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

c o m p a r t m e n t   2  may  be  u s e d   as  a  b e g i n n i n g   p o o l   of  f l u i d i z e d  

s l u d g e   f o r   t h e   n e x t   a d j a c e n t   c o m p a r t m e n t   3  to   be  c l e a n e d .  

T h i s   i s   a c c o m p l i s h e d   by  l e a v i n g   t h e   end  23  of   t h e   d i s c h a r g e  

means   in   t h e   p o o l   24  o f   c o m p a r t m e n t   2  u n t i l   t h e   n o z z l e   26  h a s  

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

of   c o m p a r t m e n t   3  to   f o r m   a  p o o l   of   f l u i d i z e d   s l u d g e   in   t h a t  



c o m p a r t m e n t   a f t e r   w h i c h   t h e   end  23  i s   moved  to   t e  

c o m p a r t m e n t   3  such   t h a t   f l u i d i z e d   s l u d g e   or   e m u l s i o n   f r o m  

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

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

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

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

m a s k e d   or  s h a d e d   by  i n t e r i o r   s t r u c t u r e   f rom  i m p i n g e m e n t   b y  
t h e   s p r a y   f rom  t h e   n o z z l e   26.  T h e s e   u n t o u c h e d   p o r t i o n s   may  
be  c l e a n e d   by  a  h a n d - h e l d   s p r a y   f rom  t h e   d e c k   or   by  s o m e o n e  

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

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

a  h a n d - h e l d   w a t e r   h o s e .  

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

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

f i f t e e n   t o   t h i r t y   m i n u t e s   to   fo rm  an  o i l   w a t e r   e m u l s i o n .  

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

d u r i n g   r i n s i n g   and  t r a s f e r r e d   to   a  h o l d i n g   t a n k ,   n o t   s h o w n .  

An  o i l   l a y e r   w i l l   form  on  t h e   s u r f a c e   w i t h i n   t h e   h o l d i n g  

t a n k   a f t e r   a  few  h o u r s   and  t h e   r i n s e   w a t e r   may  be  d e c a n t e d  

f rom  t h e   b o t t o m   of  t h e   t a n k   and  r e c y c l e d   f o r   f u t u r e   r i n s i n g .  

E m u l s i f y i n g   a g e n t s   s u i t a b l e   f o r   u s e   in   t h e  

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

S t a t e s   P a t e n t  N o . 4 , 2 7 6 , 0 9 4   and  t h o s e   s o l d   by  P e t r o f e r m  

U . S . A . ,   A m e l i a   I s l a n d ,   F l o r i d a   N o . ' s   P F C - 2 2 0 9 ,   P F C - 0 2 4 7   o r  

P F C - 7 7 5 .  

We  h a v e   f o u n d   t h a t   t h e   p r o c e s s   and  a p p a r a t u s   a s  

d e s c r i b e d   a b o v e   r e s u l t s   in   much  f a s t e r   c l e a n i n g   of   o i l  

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

w a t e r   o r   s t e a m   s y s t e m s .   F u r t h e r   b e c a u s e   we  u t i l i z e   a  c l o s e d  

f l u i d i z e d   s y s t e m   t h r o u g h   w h i c h   f l u i d i z e d   s l u d g e   i s   r e -  

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

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



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

v e s s e l   (1)  h a v i n g   a t   l e a s t   one  c o m p a r t m e n t   (2)  c o n t a i n i n g  

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

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

to  fo rm  an  i n i t i a l   p o o l   of   f l u i d i z e d   s l u d g e ,   p u m p i n g   ( 3 2 )  

t h e   f l u i d i z e d   s l u d g e   f rom  t h e   s a i d   one  c o m p a r t m e n t   to  a  t a n k ,  

r e m o v i n g   (30)  t h e   f l u i d i z e d   s l u d g e   f rom  t h e   t a n k   and  s p r a y i n g  

i t   (26)  u n d e r   p r e s s u r e  o n t o   t h e   i n t e r i o r   s i d e s   of  s a i d   o n e  

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

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

one  c o m p a r t m e n t   b a c k   to  t h e   t a n k   to  form  a  c l o s e d   f l u i d i z e d  

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

c l e a n e d   of  s l u d g e .  

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

f l u i d i z e d   s y s t e m   f o r   c l e a n i n g   an  o i l   c o n t a m i n a t e d   v e s s e l   (1 )  

h a v i n g   a t   l e a s t   one  c o m p a r t m e n t   (2)  c o n t a i n i n g   s l u d g e   w h e r e  

t h e   s y s t e m   has   a  t a n k   ( 2 0 ) ,   d i s c h a r g e   means   (21)  e x t e n d i n g   f r o m  

t h e   i n t e r i o r   of  t h e   one   c o m p a r t m e n t   to   t h e   t a n k   f o r   c o n v e y i n g  

c o n t e n t s   of  t h e   one   c o m p a r t m e n t   to   t h e   t a n k ,   and  p r e s s u r i z e d  

s p r a y   means   (25)  e x t e n d i n g   f rom  t h e   t a n k   to   t h e   i n t e r i o r   o f  

t h e   one   c o m p a r t m e n t   f o r   s p r a y i n g   c o n t e n t s   of  t h e   t a n k   o n t o  

i n t e r i o r   s i d e s   of  t h e   one  c o m p a r t m e n t ,   c o m p r i s i n g   t h e   s t e p s  

of   a d d i n g   a  f l u i d i z i n g   a g e n t   to  t h e   s y s t e m ,   s p r a y i n g   ( 2 6 )  

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

c o m p a r t m e n t   to  f l u i d i z e   s l u d g e   t h e r e i n   and  to  fo rm  a  p o o l   i n  

t h e   one   c o m p a r t m e n t   of   f l u i d i z e d   s l u d g e ,   p u m p i n g   (32)  t h e  

f l u i d i z e d   s l u d g e   f rom  t h e   p o o l   to   s a i d   t a n k ,   and  t h e r e a f t e r  

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

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

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

3.  A  p r o c e s s   a c c o r d i n g   to   e i t h e r   of   C l a i m s   1  or   2 

i n c l u d i n g   t h e   f u r t h e r   s t e p   of  h e a t i n g   (45)  s a i d   f l u i d i z e d  

s l u d g e .  



4.  A  p r o c e s s   a c c o r d i n g   to  e i t h e r   of   C l a i m s   1  or  2 

i n c l u d i n g   t h e   f u r t h e r   s t e p   of  p e r i o d i c a l l y   d i v e r t i n g   ( 5 1 )  

e x c e s s   o i l   f r om  t h e   c l o s e d   s y s t e m   to  a  h o l d i n g   t a n k   ( 5 0 ) .  

5.  A  p r o c e s s   a c c o r d i n g   to   e i t h e r   of  C l a i m s   1  or  2 

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

f l u i d i z e d   s l u d g e   b e i n g   in  t h e   form  of   an  o i l   in  w a t e r  

e m u l s i o n   i n c l u d i n g   t h e   f u r t h e r   s t e p   of  p e r i o d i c a l l y   d i v e r t i n g ( 5 1 )  

e x c e s s   e m u l s i o n   f r o m   ' h e   c l o s e d   s y s t e m   to  a  s e p a r a t i n g   t a n k  

( 5 0 ) w h e r e   o i l   i s   r e m o v e d   f rom  s a i d   e m u l s i o n .  

6.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   5  i n c l u d i n g   t h e  

f u r t h e r   s t e p   of   p e r i o d i c a l l y   d r a w i n g   o f f   (52)  w a t e r   f r o m  

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

7.  A  p r o c e s s   a c c o r d i n g   to   e i t h e r   of   C l a i m s   1  or   2 

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

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

m a i n t a i n   f l u i d i t y   of   t h e   s l u d g e .  

8.  A  p r o c e s s   a c c o r d i n g   to   e i t h e r   of   C l a i m s   1  or   2 

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

f l u i d i z e d   s l u d g e   to   s e t t l e   to   t h e   b o t t o m   of   t h e   t a n k .  

9.  A  p r o c e s s   a c c o r d i n g   to   e i t h e r   of   C l a i m s   1  or   2 

w h e r e i n   s a i d   v e s s e l   has   a t   l e a s t   one  f u r t h e r   c o m p a r t m e n t  
c o n t a i n i n g   s l u d g e ,   i n c l u d i n g   t h e   f u r t h e r   s t e p   o f   r e m o v i n g  
f l u i d i z e d   s l u d g e   f rom  s a i d   t a n k   and  s p r a y i n g   i t   u n d e r  

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

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

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

c o n t i n u o u s l y   r e c i r c u l a t i n g   t h e   f l u i d i z e d   s l u d g e   f rom  t h e   p o o l  
i n   s a i d   f u r t h e r   c o m p a r t m e n t   back   to   t h e   t a n k   and  u n t i l   s a i d  

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

10.  A p p a r a t u s   a d a p t e d   to  c l e a n   an  o i l   c o n t a m i n a t e d  

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

c o m p r i s i n g   a  t a n k   (20)  a d a p t e d   to  h o l d   f l u i d i z e d   s l u d g e ,  



p r e s s u r i z e d   s p r a y   means   (25)  e x t e n d i n g   f rom  s a i d   t a n k   a n d  

a d a p t e d   to  e x t e n d   i n t o   t h e   i n t e r i o r   of  a  c o m p a r t m e n t   b y  

wh ich   f l u i d i z e d   s l u d g e   may  be  s p r a y e d   o n t o   t h e   i n t e r i o r  

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

a  p o o l   of  f l u i d i z e d   s l u d g e ,   d i s c h a r g e   means   (21)  h a v i n g   o n e  

end  c o n n e c t e d   to   s a i d   t a n k   and  an  o p p o s i t e   end  a d a p t e d   t o  

e x t e n d   i n t o   a  p o o l   by  w h i c h   f l u i d i z e d   s l u d g e   may  be  c o n v e y e d  

to  s a i d   t a n k ;   s a i d   t a n k   ( 2 0 ) ,   d i s c h a r g e   means   (21)  a n d  

p r e s s u r i z e d   s p r a y   means   (25)  f o r m i n g   a  c l o s e d   f l u i d i z e d  

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

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

s a i d   d i s c h a r g e   means   to  s a i d   t a n k ,   and  f rom  s a i d   t a n k  

t h r o u g h   s a i d   p r e s s u r i z e d   s p r a y   means   b a c k   to   t h e   c o m p a r t m e n t .  

11.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   10  w h e r e i n   s a i d  

p r e s s u r i z e d   s p r a y   means   (25)  i n c l u d e s   a  f i r s t   pump  ( 3 0 )  

to  c o n v e y   f l u i d i z e d   s l u d g e   u n d e r   p r e s s u r e   f rom  s a i d   t a n k  

to  a  c o m p a r t m e n t .  

12.  A p p a r a t u s   a c c o r d i n g   to   C l a i m   11  w h e r e i n   s a i d  

d i s c h a r g e   m e a n s   i n c l u d e s   a  s e c o n d   pump  (32)  f o r   c o n v e y i n g  

f l u i d i z e d   s l u d g e   f rom  a  c o m p a r t m e n t   to   s a i d   t a n k .  

13.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   12  w h e r e i n   s a i d  

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

14.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   13  h a v i n g   i n  

a d d i t i o n   a  common  d r i v e   means   (36)  c o u p l e d   to   s a i d   f i r s t  

pump  and  to   s a i d   s e c o n d   p u m p .  
15.  A p p a r a t u s   a c c o r d i n g   to   C l a i m   14  w h e r e i n   s a i d  

t a n k ,   f i r s t   pump,   s e c o n d   pump  and  s a i d   d r i v e   means   a r e  

m o u n t e d   on  a  common  b a s e   (38)  to   fo rm  a  p o r t a b l e   u n i t .  

16.  A p p a r a t u s   a c c o r d i n g   to   C l a i m   10  w h e r e i n   s a i d  

t a n k   (20)  h a s   a  v e r t i c a l l y   e x t e n d i n g  b a f f l e   (40)  t h e r e i n  

to  s e p a r a t e   t h e   t a n k   i n t o   a  s o l i d s   s e t t l i n g   p o r t i o n   ( 4 1 )  

and  i n t o   a  s u b s t a n t i a l l y   s o l i d s   f r e e   p o r t i o n   (42)  w i t h   s a i d  

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

means   (21)  and   s a i d   s u b s t a n t i a l l y   s o l i d s   f r e e   p o r t i o n   b e i n g  



c o n n e c t e d   to  s a i d   p r e s s u r i z e d   s p r a y   means   ( 2 5 ) .  

17.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   10  w h e r e i n   t h e  

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

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

t a n k   ( 5 0 ) ,   w i t h d r a w a l   means   ( 5 1 , 5 2 )   e x t e n d i n g   b e t w e e n   s a i d  

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

e x c e s s   o i l   in  w a t e r   e m u l s i o n   may  be  r e m o v e d   f rom  s a i d  

c l o s e d   f l u i d i z e d   c i r c u i t   and  w a t e r   r e c y c l e   means   (53)  b y  

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

in   w a t e r   e m u l s i o n   may  be  s t o r e d   f o r   f u r t h e r   u se   as  a  r i n s e .  

18.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   10  i n c l u d i n g   i n  

a d d i t i o n   a  h o l d i n g   t a n k   ( 5 0 ) ,   w i t h d r a w a l   means   ( 5 1 , 5 2 )  

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

t a n k   by  w h i c h   e x c e s s   o i l   may  be  r e m o v e d   f rom  s a i d   c l o s e d  

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