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temperature  higher  than  a  boiling  point  of  an  acid  liquid 
under  atmospheric  pressure,  and  then  pickle  the  material;  a 
continuous  pickling  method  characterized  in  that  in  the  pickl- 
ing  process,  the  acid  liquid  is  jetted  against  the  material, 
without  immersing  the  material  into  the  acid  liquid;  and  a 
continuous  pickling  pretreating  apparatus,  used  in  the  above 
mentioned  continuous  pickling  methods,  which  comprises  a 
tank  for  receiving  herein  hot  water  having  a  temperature 
higher  than  its  boiling  point  under  atmospheric  pressure,  a 
heating  device  for  heating  the  hot  water,  and  seal  rolls  dis- 
posed  at  an  outlet  and  an  inlet  of  the  tank  and  the  material. 
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S P E C I F I C A T I O N  

1  .  TITLE  OF  THE  INVENTION 

C o n t i n u o u s   P i c k l i n g   Method   and  A p p a r a t u s  

2.  BACKGROUND  OF  THE  INVENTION 

5  ( i )   F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  c o n t i n u o u s   p i c k l i n g  

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

s t e e l   p l a t e s .  

( i i )   D e s c r i p t i o n   of  t h e   P r i o r   A r t  

10  One  e m b o d i m e n t   of  a  c o n v e n t i o n a l   c o n t i n u o u s   p i c k l i n g  

a p p a r a t u s   i s   shown  in  F i g .   10.  In  t h i s   d r a w i n g ,   r e f e r e n c e  

n u m e r a l   101  is   a  s t e e l   s t r i p ,   n u m e r a l   102  i s   an  a c i d   t a n k ,  

103  i s   an  a c i d   l i q u i d ,   and  104a ,   104b ,   104c ,   104d  and  1 0 4 e  

a r e   g u i d e   r o l l s .  

15  The  s t e e l   s t r i p   101  h a v i n g   o r d i n a r y   t e m p e r a t u r e   i s  

unwound   f rom  a  p a y o f f   r e e l   no t   shown,   and  is   t h e n   c a u s e d   t o  

run   t h r o u g h   t he   a c i d   l i q u i d   103  in  t h e   a c i d   t a n k   102,   w h i l e  

a  s c a l e   f o r m e d   on  t h e   s u r f a c e s   of  t he   s t e e l   s t r i p   4  i s  

p i c k l e d   ou t   w i t h   t h e   a c i d   l i q u i d   103.   A f t e r w a r d ,   t h e  

20  s c a l e - f r e e   s t e e l   s t r i p   101  i s   t a k e n   ou t   f rom  t he   a c i d   t a n k  

102  and  i s   t h e n   f ed   to   a  s u b s e q u e n t   p r o c e s s   n o t   s h o w n .  

In  t h e   c o n t i n u o u s   p i c k l i n g   a p p a r a t u s ,   i t   is  n e c e s s a r y  

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

-  1  -  



l i q u i d   f o r   a  c e r t a i n   p e r i o d   of  t i m e ,   and  f o r   t h e   s ake   of^  *■  '  <> 

t h i s   r e q u i r e m e n t ,   when  t h e   r u n n i n g   s p e e d   of  t he   s t e e l   s t r i p  

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

i n g l y   n e e d f u l .  

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

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

i n s t a l l a t i o n   s p a c e   and  t h e   l i k e .   As  means   f o r   s h o r t e n i n g  

t h i s   a c i d   t a n k ,   t h e r e   a r e   a  m a n n e r   of  c a u s i n g   t he   s t e e l  

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

10  i m m e r s i n g   i t   i n t o   t h e   a c i d   t a n k ,   in  o r d e r   to  form  f i n e  

c r a c k s   in  t h e   s c a l e   on  t h e   s u r f a c e s   of  t h e   s t e e l   s t r i p   a n d  

to   t h e r e b y   a c c e l e r a t e   t h e   r e m o v a l   of  t h e   s c a l e ,   and  a  m a n n e r  

of  j e t t i n g   t he   a c i d   l i q u i d   a g a i n s t   t h e   s t e e l   s t r i p   in  t h e  

a c i d   t a n k   so  as  to  s h o r t e n   a  r e a c t i o n   t i m e ,   and  t h e s e  

15  m a n n e r s   can  o b t a i n   e x p e c t e d   r e s u l t s .   N e v e r t h e l e s s ,   w i t h  

r e g a r d   to  t he   a c i d   t a n k ,   a  l e n g t h   of  no  l e s s   t h a n   50  to   1 0 0  

m  i s   r e q u i r e d ,   and  in  t h e   c a s e   of  such   a  l o n g   a c i d   t a n k ,   t h e  

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

n e c e s s a r y .   For  t h i s   r e a s o n ,   i t   is   s t r o n g l y   n e e d e d   t o  

20  s h o r t e n   t h e   a c i d   t a n k .  

3.  OBJECT  AND  SUMMARY  OF  THE  INVENTION 

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   i s   to  p r o v i d e   a  

c o n t i n u o u s   p i c k l i n g   m e t h o d   and  a p p a r a t u s   by  wh ich   a  p e r i o d  

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

In  t he   p r e s e n t   i n v e n t i o n ,   a  f i r s t   means   f o r   a c h i e v i n g  

t h e   a b o v e   o b j e c t   is  to   h e a t   a  m a t e r i a l   to   be  p i c k l e d   up  to  a  

h i g h   t e m p e r a t u r e .   T h a t   i s ,   t h e   p r e s e n t   i n v e n t i o n   i s  

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

p i c k l i n g   a  m a t e r i a l   to   be  p i c k l e d ,   t h e   m e t h o d   b e i n g   c h a r a c -  

t e r i z e d   by  h e a t i n g   t h e   m a t e r i a l   up  to  a  t e m p e r a t u r e   h i g h e r  

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

p r e s s u r e   and  t h e n   p i c k l i n g   t h e   m a t e r i a l .  

10  Now,  t he   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  d e t a i l .  

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

s t e e l   s t r i p   w h i c h   i s   a  m a t e r i a l   to  be  p i c k l e d   i s   p r o v i d e d  

a b o v e   an  a c i d   t a n k ,   and  in  t h e   h e a t i n g   d e v i c e ,   t h e   s t e e l  

s t r i p   i s   t h e n   h e a t e d   up  to   a  t e m p e r a t u r e   h i g h e r   t h a n   a  

15  b o i l i n g   p o i n t   of  an  a c i d   l i q u i d   u n d e r   a t m o s p h e r i c   p r e s s u r e .  

A f t e r w a r d ,   t he   s t e e l   s t r i p   i s   i n t r o d u c e d   i n t o   t he   a c i d   t a n k  

in  o r d e r   to  be  s u b j e c t e d   to  a  p i c k l i n g   t r e a t m e n t .  

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

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

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

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

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

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

on  t he   s u r f a c e s   of  t he   s t e e l   s t r i p ,   and  i t   b o i l s   to  g e n e r a t e  

25  v a p o r .   As  a  r e s u l t ,   a  gas   i s   e x p a n d e d   a b r u p t l y ,   so  t h a t  
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p i e c e s   of  t h e   s c a l e   a r e   p e e l e d   o f f   and  new  c r a c k s   o c c u r s .  

In  t h i s   way,   t h e   p i c k l i n g   t i m e   is   c u r t a i l e d .  

F u r t h e r ,   a  s e c o n d   means   f o r   a c h i e v i n g   t h e   a b o v e   o b j e c t  

i s   to   j e t   an  a c i d   l i q u i d   a g a i n s t   a  p r e v i o u s l y   h i g h l y   h e a t e d  

5  m a t e r i a l   to   be  p i c k l e d .   T h a t   i s ,   t he   p r e s e n t   i n v e n t i o n   i s  

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

p i c k l i n g   a  m a t e r i a l   to   be  p i c k l e d ,   t he   m e t h o d   b e i n g   c h a r a c -  

t e r i z e d   by  h e a t i n g   t h e   m a t e r i a l   up  to  a  t e m p e r a t u r e   h i g h e r  

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

10  p r e s s u r e ,   and  t h e n   j e t t i n g   t he   a c i d   l i q u i d   a g a i n t   t h e  

m a t e r i a l   in  an  a c i d   t a n k   in  o r d e r   to  p i c k l e   t h e   m a t e r i a l ,  

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

Now,  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  d e t a i l .  

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

15  s t e e l   s t r i p   i s   p r o v i d e d   a b o v e   t h e   a c i d   t a n k ,   and  t h e   s t e e l  

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

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

h e a t i n g   d e v i c e .   A f t e r w a r d ,   t h e   the   s t e e l   s t r i p   i s   i n t r o -  

d u c e d   i n t o   t h e   a c i d   t a n k ,   and  t he   t he   a c i d   l i q u i d   i s   j e t t e d  

20  a g a i n s t   t h e   s t e e l   s t r i p   m a t e r i a l   to  p i c k l e   t he   l a t t e r ,  

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

l i q u i d .  

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

t h e   a c i d   l i q u i d   i s   j e t t e d   a g a i n s t   t he   s t e e l   s t r i p ,   t h e   s t e e l  

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

t i m e ,   t h e   a c i d   l i q u i d   p e n e t r a t e s   i n t o   f i n e   c r a c k s   in  a  s c a l e  
on  the   s u r f a c e s   of  t h e   s t e e l   s t r i p ,   and  i t   b o i l s   to  g e n e r a t e  

5  v a p o r .   As  a  r e s u l t ,   a  gas   i s   e x p a n d e d   a b r u p t l y ,   so  t h a t  
p i e c e s   of  t he   s c a l e   a r e   p e e l e d   o f f   and  new  c r a c k s   o c c u r s .  
In  a d d i t i o n ,   t h e   j e t t e d   a c i d   l i q u i d   w a s h e s   ou t   t he   p i e c e s   o f  
the   s c a l e ,   or  t he   r e a c t e d   a c i d   l i q u i d   i s   r e p l a c e d   w i t h   t h e  
new  a c i d   l i q u i d   to  a c c e l e r a t e   t he   r e a c t i o n ,   w h e r e b y   t h e   t i m e  

10  n e c e s s a r y   f o r   t he   p i c k l i n g   t r e a t m e n t   i s   c u r t a i l e d .  

As  c o m p a r e d   w i t h   a  c o n v e n t i o n a l   j e t   m a n n e r   in  t h e   a c i d  
l i q u i d ,   t he   j e t   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n   has   a  
g r e a t e r   j e t   e f f e c t   b e c a u s e   of  t h e   v i g o r   of  t he   j e t   b e i n g  
m a i n t a i n e d ,   and  an  a d v a n t a g e   of  d e c r e a s i n g   a  n e c e s s a r y  

15  a m o u n t   of  t he   a c i d   l i q u i d   owing   to  i m m e r s i n g   no  s t e e l   s t r i p  
i n t o   t he   a c i d   l i q u i d .  

M o r e o v e r ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   an  a p p a r a t u s  
f o r   p r a c t i c i n g   t h e   a b o v e   m e n t i o n e d   m e t h o d .  

Tha t   i s ,   t he   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   a  
20  p r e t r e a t i n g .   a p p a r a t u s   f o r   c o n t i n u o u s   p i c k l i n g   w h i c h   c o m -  

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

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

25  and  a  m a t e r i a l   to  be  p i c k l e d .  
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T h i s   a p p a r a t u s   can  p r a c t i c e   t he   a b o v e   m e n t i o n e d  

m e t h o d   e f f e c t i v e l y .  

The  o b j e c t ,   c h a r a c t e r i s t i c s   and  b e n e f i 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  more  c l a r i f i e d   by  t h e   u n d e r m e n t i o n e d  

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

4.  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g s .   1  to  4  show  s c h e m a t i c   s e c t i o n a l   v i e w   of  e m b o d i -  

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

r e g a r d   to   t h e   p r e s e n t   i n v e n t i o n ,   and  of  t h e s e   d r a w i n g s ,  

10  F i g .   1  shows   t h e   a p p a r a t u s   in  w h i c h   a  h e a t i n g   d e v i c e   i s  

p r o v i d e d   a b o v e   an  a c i d   t a n k ,   F i g .   2  shows  t h e   a p p a r a t u s   i n  

w h i c h   a  h e a t i n g   w a t e r   t a n k   i s   p r o v i d e d   as  a  h e a t i n g   d e v i c e ,  

F i g .   3  shows  t h e   same  a p p a r a t u s   as  in  F i g .   1  w i t h   t h e  

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

15  t a n k ,   and  F i g .   4  shows   t h e   a p p a r a t u s   in  w h i c h   the   h e a t i n g  

w a t e r   t a n k   i s   u s e d   and  t h e   h i g h   p r e s s u r e   i s   r e t a i n e d   i n  

t he   a c i d   t a n k ;  

F i g .   5  shows   a  r e l a t i o n   b e t w e e n   a  t e m p e r a t u r e   of  a  

s t e e l   p l a t e   and  a  r a t i o   of   a  p i c k l i n g   t i m e ;  

20  F i g s .   6  to  9  show  s c h e m a t i c   s e c t i o n a l   v i e w   of  o t h e r  

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

w i t h   r e g a r d   to  t h e   p r e s e n t   i n v e n t i o n ,   and  of  t h e s e   d r a w i n g s ,  

F i g .   6  shows   t h e   a p p a x a t u s   in  w h i c h   t he   h e a t i n g   d e v i c e   i s  

p r o v i d e d   a b o v e   t h e   a c i d   t a n k ,   F i g .   7  shows  t h e   a p p a r a t u s   i n  

25  w h i c h   t h e   h e a t i n g   w a t e r   t a n k   i s   p r o v i d e d   as  t h e   h e a t i n g  
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d e v i c e ,   F i g .   8  shows  t he   a p p a r a t u s   h a v i n g   t h e   a c i d   t a n k  

p o r t i o n   in   w h i c h   s h i e l d   p l a t e s   a r e   d i s p o s e d   c o n f r o n t i n g   t h e  
u p p e r   and  t h e   l o w e r   s u r f a c e s   of  t h e   s t e e l   s t r i p ,   and  F i g .   9 
shows  t h e   a p p a r a t u s   h a v i n g   a c i d   t a n k   p o r t i o n s   of   box  s h i e l d  
s t r u c t u r e s   w h i c h   a r e   c o n s t i t u t e d   so  as  to  s u r r o u n d   t he   s t e e l  
s t r i p ;   a n d  

F i g .   10  i s   a  s c h e m a t i c   s e c t i o n a l   v i e w   of   a  c o n v e n t i o n a l  
p i c k l i n g   a p p a r a t u s .  

5  .  DETAILED  DESCRIPTION  OF  m .   u ^ p . ^   EMBODIMENT 
In  t h e   f i r s t   p l a c e ,   e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n -  

t i o n   f o r   p r a c t i c i n g   t h e   a b o v e   m e n t i o n e d   f i r s t   menas   a r e  
shown  in  F i g s .   1,  2,  3  and  4.  m   the   e m b o d i m e n t   in  F i g .   1 ,  
a  h e a t i n g   d e v i c e   i s   p r o v i d e d   a b o v e   an  a c i d   t a n k ,   a n d  
r e f e r e n c e   n u m e r a l   1  i s   a  s t e e l   s t r i p ,   n u m e r a l   2  i s   an  a c i d  
t a n k ,   3  i s   an  a c i d   l i q u i d ,   4a ,   4b,   4c,   4d  and  4e  a r e   g u i d e  
r o l l s ,   and  6a  and  6b  a r e   e l e c t r i c   t y p e ,   h o t   a i r   t y p e   o r  
o t h e r   t y p e   h e a t i n g   d e v i c e s .   The  s t e e l   s t r i p   1  l s   h e a t e d   u p  
to  a  t e m p e r a t u r e   h i g h e r   t h a n   a  b o i l i n g   p o i n t   of  t he   a c i d  
l i q u i d   a t   a t m o s p h e r i c   p r e s s u r e   by  the   h e a t i n g   d e v i c e s   6 a ,  
6b,  and  i t   i s   t h e n   i m m e r s e d   i n t o   t h e   a c i d   l i g u i d   3  in  

J e  

a c i d   t a n k   2  to  p i c k l e   t he   s t e e l   s t r i p   i .  

F i g .   2  e x h i b i t s   t he   o t h e r   e m b o d i m e n t   in   w h i c h   a  h e a t i n g  
w a t e r   t a n k   7  i s   e q u i p p e d   as  t he   h e a t i n g   d e v i c e .   The  h e a t i n g  
w a t e r   t a n k   7  in  F i g .   2  i s   of   a  s e a l i n g   t y p e ,   and  p a i r s   o f  

1 0  
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s e a l   r o l l s   9a,  9b  and  9c,   9d  a r e   d i s p o s e d   a t   an  o u t l e t   a n d  

an  i n l e t ,   r e s p e c t i v e l y ,   of  t h e   s t e e l   s t r i p   1  in  t h e   h e a t i n g  

w a t e r   t a n k   7  ,  w h e r e b y   an  o p e n i n g   s p a c e   b e t w e e n   t h e   i n t e r i o r  

of  t h e   h e a t i n g   w a t e r   t a n k   7  and  the   o u t s i d e   i s   m i n i m i z e d ,  

5  and  t h e   s t e e l   s t r i p   1  i s   a l l o w e d   to  run  c o n t i n u o u s l y   t h r o u g h  

the   h e a t i n g   t a n k   7,  w h i l e   a  h i g h   p r e s s u r e   i s   r e t a i n e d   in  t h e  

t a n k   7.  A  p r e s s u r i z i n g   w a t e r   8  h a v i n g   a  h i g h   t e m p e r a t u r e   ■  i s  

p l a c e d   in  t h e   h e a t i n g   w a t e r   t a n k   7.  N u m e r a l s   10a ,   10b  a n d  

10c  a r e   g u i d e   r o l l s .  

10  I n c i d e n t a l l y ,   t he   p r e s s u r i z i n g   w a t e r   8  i s   h e a t e d   b y ,  

f o r   e x a m p l e ,   a  d i s p o s e d   h e a t i n g   d e v i c e   41  so  as  to  p r o v i d e  

t he   w a t e r   8  w i t h   a  h i g h   t e m p e r a t u r e .  

F i g .   3  shows  t h e   o t h e r   e m b o d i m e n t .   In  t h i s   e m b o d i m e n t ,  

the   h e a t i n g   d e v i c e s   6a  and  6b  a r e   d i s p o s e d   in  f r o n t   of  t h e  

15  a c i d   t a n k   as  in  t he   c a s e   of  F i g .   1,  bu t   t h e   a c i d   t a n k   12  i s  

p r e s s u r e r - s e a l e d   by  t h e   s e a l   r o l l s   5a,   5b  and  5c,   5d  i n  

o r d e r   to   m a i n t a i n   t he   i n t e r i o r   of  t he   a c i d   t a n k   1  2  a t   a  h i g h  

p r e s s u r e   and  to   m a i n t a i n   t h e   a c i d   l i q u i d   3  a t   a  t e m p e r a t u r e  

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

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

h e a t i n g   d e v i c e   6a,  6b  has   a  h i g h e r   t e m p e r a t u r e   t h a n   t he   a c i d  

l i q u i d   3.  In  F i g .   3,  14a ,   14b  and  14c  a r e   g u i d e   r o l l s .  

F i g .   4  i s   t he   f u r t h e r   o t h e r   e m b o d i m e n t   of  t he   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   in  F i g .   4  i s   e q u i p p e d   w i t h   t h e  

25  same  a c i d   t a n k   12  as  in  F i g .   3,  bu t   t he   same  h e a t i n g   w a t e r  
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t a n k   7  as  in  F i g .   2  i s   p r o v i d e d   as  t h e   h e a t i n g   d e v i c e   a b o v e  

t h e   a c i d   t a n k .   T h a t   i s ,   n u m e r a l   8  i s   a  p r e s s u r i z i n g   w a t e r  

h a v i n g   a  h i g h   t e m p e r a t u r e ,   9a,  9b,  9c  and  9d  a r e   s e a l   r o l l s ,  

and  10a ,   10b  and  10c  a r e   g u i d e   r o l l s .  

5  A c c o r d i n g   to   t h e   p i c k l i n g   means  of  e a c h   e m b o d i m e n t   j u s t  

d e s c r i b e d ,   the   s t e e l   s t r i p   i s   f i r s t   h e a t e d   up  to  a  t e m p e r a -  

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

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

l i q u i d .   T h e r e f o r e ,   a t   t h e   moment  when  t h e   s t e e l   s t r i p   i s  

10  i m m e r s e d   i n t o   t he   a c i d   l i q u i d ,   the   l a t t e r   p e n e t r a t e s   i n t o  

f i n e   c r a c k s   in  a  s c a l e   on  t he   s u r f a c e s   of  t h e   s t e e l   s t r i p ,  

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

a b r u p t   e x p a n s i o n   of  a  g a s .   As  a  r e s u l t ,   p i e c e s   of  t h e   s c a l e  

a r e   p e e l e d   o f f   and  new  c r a c k s   o c c u r ,   so  t h a t   a  t i m e   n e c e s -  

15  s a r y   f o r   t he   p i c k l i n g   o p e r a t i o n   is   c u r t a i l e d .   A c c o r d i n g   t o  

e x p e r i m e n t s   made  by  t he   i n v e n t o r s   of  t he   p r e s e n t   a p p l i c a -  

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

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

shown  in  F i g .   5.  For   e x a m p l e ,   when  t h e   p i c k l i n g   t i m e  

20  n e c e s s a r y   f o r   t he   s t e e l   p l a t e   of  80°C  i s   r e g a r d e d   as  100%,  

t h e   p i c k l i n g   t i m e   f o r   t he   s t e e l   p l a t e   of  200°C  is   50%  o r  

l e s s .   In  t he   c a s e   t h a t   a  t e m p e r a t u r e   of  t h e   a c i d   l i q u i d   i n  

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

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

25  h e a t i n g   t he   s t e e l   p l a t e   up  to  a  l e v e l   h i g h e r   t h a n   t h e  
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l i q u i d   t e m p e r a t u r e .  

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

t he   a b o v e   m e n t i o n e d   s e c o n d   means   a r e   shown  in  F i g s .   6  and  7 .  

In  t he   e m b o d i m e n t   in  F i g .   6,  a  h e a t i n g   d e v i c e   i s   p r o v i d e d  

5  a b o v e   an  a c i d   t a n k ,   and  r e f e r e n c e   n u m e r a l   1  i s   a  s t e e l  

s t r i p ,   n u m e r a l   22  i s   an  a c i d   t a n k ,   3  i s   an  a c i d   l i q u i d ,   2 4 a ,  

24b,   24c  and  24d  a r e   g u i d e   r o l l s .   N u m e r a l s   6a  and  6b  a r e  

e l e c t r i c   t y p e ,   ho t   a i r   t y p e   or  o t h e r   t y p e   h e a t i n g   d e v i c e s ,  

as  shown  in  F i g .   3.  The  s t e e l   s t r i p   1  i s   h e a t e d   up  to  a  

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

at   a t m o s p h e r i c   p r e s s u r e   by  t h e   h e a t i n g   d e v i c e s   6a ,   6b,  a n d  

is   t h e n   i n t r o d u c e d   i n t o   t h e   a c i d   t a n k   22.  A f t e r w a r d ,   t h e  

s t e e l   s t r i p   1  i s   s u b j e c t e d   to   a  p i c k l i n g   t r e a t m e n t   b y  

j e t t i n g   t h e   a c i d   l i q u i d ,   f ed   by  a  pump  n o t   shown ,   a g a i n s t  

15  b o t h   t h e   s u r f a c e s   of  t he   s t e e l   s t r i p   1  t h r o u g h   n o z z l e s   1 1 a ,  

11b,  11c ,   and  11£ ,   w h i l e   s u p p o r t e d   by  t h e   g u i d e   r o l l s  

24a ,   24b ,   24c  and  24d,   w i t h o u t   b e i n g   i m m e r s e d   i n t o   t he   a c i d  

l i q u i d   3 .  

F i g .   7  shows  t h e   o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t  

20  i n v e n t i o n ,   and  in  t h i s   e m b o d i m e n t ,   t he   same  h e a t i n g   w a t e r  

t a n k   7  as  in  F i g .   4  i s   e q u i p p e d .  

F i g s .   8  and  9  show  o t h e r   e m b o d i m e n t s   of  an  a c i d   t a n k  

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

F i g .   8  has   s h i e l d   p l a t e s   1 2 a ,   12b ,   12c ,   and  1  21  w h i c h  

25  c l o s e l y   c o n f r o n t   t h e   u p p e r   and  l o w e r   s u r f a c e s   of  t he   s t e e l  
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s t r i p   1  so  as  to  d e f i n e   a  f l o w   p a t h   f o r   t he   a c i d   l i q u i d  

b e t w e e n   t h e s e   s h i e l d   p l a t e s   and  t he   s t e e l   s t r i p   1.  m  t h i s  

c o n s t r u c t i o n ,   t he   a c i d   l i q u i d   j e t t e d   t h r o u g h   n o z z l e s   1 1 a ,  

1 l b '   11c  and  11*  f l o w s   t h r o u g h   the   a f o r e s a i d   f l o w  
5  p a t h ,   so  t h a t   a  c o n t a c t   t i m e   b e t w e e n   t h e   a c i d   l i q u i d   and  t h e  

s t e e l   s t r i p   1  is  p r o l o n g e d ,   and  a  v e l o c i t y   of  t h e   a c i d  

l i q u i d   a l o n g   t he   s t e e l   s t r i p   1  i s   k e p t   up,  t h e r e b y   a s s u r i n g  

an  e f f e c t i v e   p i c k l i n g   r e a c t i o n .  

The  e m b o d i m e n t   in  F i g .   9  has   box  s h i e l d s   13a ,   1 3 b ,  
10  w h i c h   a r e   s h a p e d   so  as  to  s u r r o u n d   t h e   s t e e l   s t r i p   1,  and  i n  

t h i s   c a s e ,   a  f l o w   p a t h   i s   d e f i n e d   b e t w e e n   the   box  s h i e l d s  

and  t he   s t e e l   s t r i p   1.  As  c o m p a r e d   w i t h   t he   e m b o d i m e n t   i n  

F i g .   8,  t he   a c i d   l i q u i d   d o e s   no t   f l o w   ou t   in  a  c r o s s  

d i r e c t i o n   of  t he   s t e e l   s t r i p ,   so  t h a t   an  e f f e c t   of  t he   a c i d  
15  l i q u i d   i n c r e a s e s   a d d i t i o n a l l y .  

In  t he   p r e s e n t   i n v e n t i o n ,   t he   m a t e r i a l   to   be  p i c k l e d ,  
a f t e r   h e a t e d   up  to  a  h i g h   t e m p e r a t u r e ,   i s   p i c k l e d ,   a s  
d e s c r i b e d   in  d e t a i l   a b o v e .   T h e r e f o r e ,   a t   t h e   moment  w h e n  
t h e   s t e e l   s t r i p   i s   i m m e r s e d   i n t o   t h e   a c i d   l i q u i d ,   t he   l a t t e r  

20  p e n e t r a t e s   i n t o   f i n e   c r a c k s   in  a  s c a l e   on  t he   s u r f a c e   of  t h e  
s t e e l   s t r i p ,   and  i t   b o i l s   to  g e n e r a g e   v a p o r ,   w h i c h   f a c t  
l e a d s   to   t he   a b r u p t   e x p a n s i o n   of  a  g a s .   As  a  r e s u l t ,   p i e c e s  
of  t h e   s c a l e   a r e   p e e l e d   o f f   and  new  c r a c k s   o c c u r ,   so  t h a t   a  
t i m e   n e c e s s a r y   f o r   t h e   p i c k l i n g   o p e r a t i o n   can  be  c u r t a i l e d .  

25  F u r t h e r ,   in  c o n s e q u e n c e ,   t he   a c i d   t a n k   can  be  s h o r t e n e d .  
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T h i s   i s   an  e f f e c t   of  t he   p r e s e n t   i n v e n t i o n .  

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

s t e e l   s t r i p   i s   h e a t e d   as  d e s c r i b e d   a b o v e ,   and  t h e   a c i d  

l i q u i d   is   t h e n   j e t t e d   a g a i n s t   t he   h e a t e d   s t e e l   s t r i p ,  

5  i n s t e a d   of  b e i n g   i m m e r s e d   i n t o   t he   a c i d   l i q u i d .   T h e r e f o r e ,  

a t   t he   moment  when  t he   a c i d   l i q u i d   i s   j e t t e d   a g a i n s t   t h e  

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

a  s c a l e   on  t h e   s u r f a c e   of  t h e   s t e e l   s t r i p ,   and  i t   b o i l s   t o  

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

10  a  g a s .   As  a  r e s u l t ,   p i e c e s   of  t he   s c a l e   a r e   p e e l e d   o f f   a n d  

new  c r a c k s   o c c u r ,   and  t he   j e t   of  t he   a c i d   l i q u i d   w a s h e s   o u t  

t h e   p e i c e s   of  t he   s c a l e ,   so  t h a t   a  t i m e   n e c e s s a r y   f o r   t h e  

p i c k l i n g   o p e r a t i o n   is   c u r t a i l e d .   A c c o r d i n g   to   e x p e r i m e n t s  

made  by  t he   p r e s e n t   i n v e n t o r s ,   t h e   t i m e   n e c e s s a r y   f o r   t h e  

15  p i c k l i n g   t r e a t m e n t   in  t he   p r e s e n t   i n v e n t i o n   i s   a b o u t   1/3  o f  

t h a t   of  t he   c o n v e n t i o n a l   p i c k l i n g   t r e a t m e n t   in  w h i c h   n e i t h e r  

h e a t i n g   nor   j e t t i n g   a r e   c a r r i e d   o u t .  

F u r t h e r m o r e ,   a c c o r d i n g   to   t he   p i c k l i n g   p r e t r e a t i n g  

a p p a r a t u s ,   t h e   m a t e r i a l   to  be  p i c k l e d ,   f o r   e x a m p l e ,   t h e  

20  s t e e l   s t r i p   can  be  h e a t e d   up  to  t h e   t e m p e r a t u r e   h i g h e r   t h a n  

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

s u r e .   T h e r e f o r e ,   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   c a n  

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

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

-  12  -  
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WHAT  IS  CLAIMED  I S :  

1  .  A  c o n t i n u o u s   p i c k l i n g   m e t h o d   f o r   c o n t i n u o u s l y  

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

c h a r a c t e r i z e d   by  h e a t i n g   s a i d   m a t e r i a l   up  to  a  t e m p e r a t u r e  
5  h i g h e r   t h a n   a  b o i l i n g   p o i n t   of  an  a c i d   l i q u i d   u n d e r   a t m o s -  

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

2.  A  c o n t i n u o u s   p i c k l i n g   m e t h o d   a c c o r d i n g   to  C la im   1 

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

out   by  means   of  an  e l e c t r i c   t y p e   or  a  ho t   a i r   t y p e   h e a t i n g  
10  d e v i c e ,   or  a  h e a t i n g   w a t e r   t a n k .  

3.  A  c o n t i n u o u s   p i c k l i n g   m e t h o d   f o r   c o n t i n u o u s l y  

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

c h a r a c t e r i z e d   by  h e a t i n g   s a i d   m a t e r i a l   up  to  a  t e m p e r a t u r e  

h i g h e r   t h a n   a  b o i l i n g   p o i n t   of  an  a c i d   l i q u i d   u n d e r   a t m o s -  
15  p h e r i c   p r e s s u r e ,   and  t h e n   j e t t i n g   s a i d   a c i d   l i q u i d   a g a i n s t  

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

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

4.  A  c o n t i n u o u s   p i c k l i n g   m e t h o d   a c c o r d i n g   to  C la im   3 

w h e r e i n   s a i d   h e a t i n g   t r e a t m e n t   p r i o r   to   p i c k l i n g   is   c a r r i e d  
2C  out   by  means   of  an  e l e c t r i c   t y p e   or  a  ho t   a i r   t y p e   h e a t i n g  

d e v i c e ,   or  a  h e a t i n g   w a t e r   t a n k .  

—  1  — 
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5.  A  c o n t i n u o u s   p i c k l i n g   m e t h o d   a c c o r d i n g   to   C la im   3 

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

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

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

5  6.  A  c o n t i n u o u s   p i c k l i n g   m e t h o d   a c c o r d i n g   to   C l a i m   3 

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

be  p i c k l e d ,   s a i d   m a t e r i a l   i s   s u r r o u n d e d   by  a  box  s h i e l d .  

7.  A  c o n t i n u o u s   p i c k l i n g   p r e t r e a t i n g   a p p a r a t u s ,   u s e d  

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

10  c o m p r i s e s   a  t a n k   f o r   r e c e i v i n g   h e r e i n   h o t   w a t e r   h a v i n g   a  

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

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

s e a l   r o l l s   d i s p o s e d   a t   an  o u t l e t   and  an  i n l e t   of  s a i d   t a n k  

and  a  m a t e r i a l   to   be  p i c k l e d .  

-  2  -  
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