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©  Electrochemical  pump  protection. 

@  A  pump  is  provided  herein  for  pumping  a  corrosive  aque- 
ous  solution.  The  pump  includes  (i)  a  stainless  steel  or  carbon 
steel  casing;  (ii)  an  inlet  limb  connected  to  the  stainless  steel 
or  carbon  steel  casing;  (iii)  an  outlet  limb  connected  to  the 
stainless  steel  or  carbon  steel  casing;  (iv)  means  electrically 
connecting  the  stainless  steel  or  carbon  steel  casing  to  a 
source  of  negative  or  positive  DC  voltage,  thereby  to  induce 
the  stainless  steel  or  carbon  steel  casing  to  act  as  an  anode  or 
as  a  cathode  as  required;  (v)  at least  one  reference  electrode 
secured  within  at  least  one  of  the  inlet  limb  and  the  outlet 
limb; (vi)  at least  one  counter  electrode  secured  within  at  least 
one  of  the  inlet  limb  and  the  outlet  limb;  and  (vii)  control 
means  for  impressing  a  protection  potential  to  the  stainless 
steel  or  carbon  steel casing  at  a  predetermined  voltage  of-800 
mVAe/AgCl  or  more  positive, the  predetermined  voltage  being 
sufficient  to  draw  the  stainless  steel  or  carbon  steel  casing 
into  a  zone  of  reduced  corrosion.  This  structure  protects  the 
stainless  steel  or  carbon  steel  casing  of the  pump  from  corro- 
sion. 



1.  BACKGROUND  OF  THE  INVENTION 

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

T h i s   i n v e n t i o n   r e l a t e s   to  a  s y s t e m   and  m e t h o d   f o r  

t h e   p r o t e c t i o n   of  pumps  by  e l e c t r o c h e m i c a l   m e a n s .   M o r e  

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

f o r   p r o t e c t i n g ,   f rom  c o r r o s i o n ,   s t a i n l e s s   s t e e l   p u m p s  
u s e d   to   pump  a g r e s s i v e   s o l u t i o n s   in  b l e a c h   p l a n t s   o r  

k r a f t   p u l p i n g   l i q u o r   l i n 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  

S t a i n l e s s   s t e e l   is   known  to  be  g e n e r a l l y   r e s i s t a n t  

t o   c o r r o s i o n   due  to  a  b u i l d - u p   t h e r e o n   of  p a s s i v e   f i l m s .  

H o w e v e r ,   such  p a s s i v e   f i l m s   a r e   s u s c e p t i b l e   to   l o c a l i z e d  

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

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

b l e a c h   p l a n t   w a s h e r s   g e n e r a l l y   c o n t a i n s   o x i d a n t s ,   e . g . ,  
c h l o r i n e   ( C l 2 ) ,   c h l o r i n e   d i o x i d e   ( C 1 0 2 ) ,   or  h y p o c h l o r i t e  

(OC1-)   t o g e t h e r   w i t h   a  c o n s i d e r a b l e   a m o u n t   of  c h l o r i d e  

i o n s .   Such  f i l t r a t e   can  b r i n g   a b o u t   l o c a l i z e d   p a s s i v e  

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

modes   of  l o c a l i z e d   c o r r o s i o n ,   t he   p r i n c i p a l   ones   b e i n g  

c r e v i c e   c o r r o s i o n   and  p i t t i n g   c o r r o s i o n .  

The   c o r r o s i o n   e n v i r o n m e n t   in   t h e   c h l o r i n e   a n d  

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

a c i d i c ,   w i t h   a  pH  in  t h e   r a n g e   of  1  to   7.  S t a i n l e s s  

s t e e l   pumps  a re   t h e r e f o r e   u s e d   to  pump  s u c h   l i q u i d s .   T h e  

mos t   common  a l l o y s   of  c o n s t r u c t i o n   a r e   316L  and  3 1 7 L  

s t a i n l e s s   s t e e l   or  t h e i r   e q u i v a l e n t s .  

The  c o r r o s i o n   e n v i r o n m e n t   in  t he   h y p o c h l o r i t e   s t a g e  
of  b l e a c h   w a s h e r s   is   g e n e r a l l y   a l k a l i n e ,   w i t h   a  pH  in  t h e  

r a n g e   of  8 - 1 1 .   S t a i n l e s s   s t e e l   pumps  a r e   t h e r e f o r e   u s e d  

to   pump  such   l i q u i d s .   The  mos t   common  a l l o y   of  c o n s t r u c -  

t i o n   is   316L  or  e q u i v a l e n t   s t a i n l e s s   s t e e l .   I t   wou ld   b e  

p r e f e r a b l e   to  use   304L  or  e q u i v a l e n t   s t a i n l e s s   s t e e l  



s i n c e   i t   is   much  c h e a p e r   t h a n   316L  s t a i n l e s s   s t e e l .  

H o w e v e r ,   304L  s t a i n l e s s   s t e e l   has   b e e n   l a r g e l y   u n s u c c e s s -  

f u l   f o r   t h i s   use   b e c a u s e   of  s e v e r e   c h l o r i d e   c r e v i c e  

c o r r o s i o n .  

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

s y s t e m s   g e n e r a l l y   h a s   a  pH  a b o v e   12  and  may  c o n t a i n  

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

d e b r i s   f rom  the   wood  c h i p s .   Both   s t a i n l e s s   s t e e l s   a n d  

c a r b o n   s t e e l s   a r e   common  m a t e r i a l s   of  c o n s t r u c t i o n ;   h o w -  

e v e r ,   i t   is  most   common  to  use   316L  s t a i n l e s s   s t e e l   f o r  

l i q u o r   pumps.   T h e s e   pumps  s u f f e r   f rom  e r o s i o n - c o r r o s i o n  

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

l i q u o r   and  e r o s i o n   due  to  u n s e t t l e d   s o l i d s .   I t   wou ld   b e  

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

a t t a c k ,   t h e r e b y   e x t e n d i n g   t h e   l i f e   of  a l k a l i n e   l i q u o r  

p u m p s .  

E l e c t r o c h e m i c a l   c o r r o s i o n   c o n t r o l   w o u l d   seem  t o  

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

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

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

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

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

v i t y   in  t he   m e t a l   by  a n o d i c   p o l a r i z a t i o n   t e c h n i q u e s ,   o r  

by  c a t h o d i c   p o l a r i z a t i o n .  

Amongs t   t he   p r i o r   p a t e n t s   d e a l i n g   w i t h   t h e   a n o d i c  

p o l a r i z a t i o n   a r e :   U n i t e d   S t a t e s   P a t e n t s   Nos.   3 , 3 7 1 , 0 2 3  

i s s u e d   F e b r u a r y   7,  1968 ;   3 , 3 7 5 , 1 8 3   i s s u e d   March   26,  1 9 6 8 ;  

3 , 3 7 8 , 4 7 2   i s s u e d   A p r i l   16,  1968;   3 , 3 7 9 , 6 2 9   i s s u e d   A p r i l  

23,  1968;   3 , 4 0 9 , 5 2 6   i s s u e d   N o v e m b e r   5,  1968 ;   U n i t e d  

S t a t e s   P a t e n t   N o .  1 , 5 7 6 , 5 8 1   i s s u e d   March   16,  1926,   t o  

E l m o r e   et   a l ;   U n i t e d   S t a t e s   P a t e n t   No.  3 , 4 4 2 , 7 7 9   i s s u e d  

May  6,  1969  to  Hoey;   U n i t e d   S t a t e s   P a t e n t   No.  4 , 0 1 8 , 6 4 7  

i s s u e d   A p r i l   19,  1977  to   P o y s e r ;   and  U n i t e d   S t a t e s   P a t e n t  

No.  4 , 0 3 6 , 7 1 6   i s s u e d   J u l y   19,  1977  to   H u l t h e .  



A m o n g s t   t h e   p r i o r   p a t e n t s   w h i c h   r e l a t e   to   t h e   a p p l i -  

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

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

S t a t e s   P a t e n t   No.  2 , 4 3 5 , 9 3 7   i s s u e d   F e b r u a r y   17,  1948  t o  

M a c T a g g a r t   et   a l ;   U n i t e d   S t a t e s   P a t e n t   No.  3 , 6 3 4 , 2 2 2   i s -  

s u e d   J a n u a r y   11,  1972  to   S t e p h e n s ,   J r . ;   U n i t e d   S t a t e s  

P a t e n t   No.  3 , 6 9 2 , 6 5 0   i s s u e d   S e p t e m b e r   19,  1972  to   K i p p s  

e t   a l ;   and  U n i t e d   S t a t e s   P a t e n t   No.  4 , 0 8 0 , 2 7 2   i s s u e d  

March  21,  1978  to   F e r r y   e t   a l .  

A  f u r t h e r   i m p r o v e d   e l e c t r o c h e m i c a l   c o r r o s i o n   p r o -  
t e c t i o n   t e c h n i q u e   was  t a u g h t   in  U n i t e d   S t a t e s   P a t e n t   N o .  

4 , 2 8 5 , 7 8 7   i s s u e d   A u g u s t   25,  1981   t o   A.  G a r n e r   a n d  

L.H.   L a l i b e r t e .   T h a t   p a t e n t   t a u g h t   a  m e t h o d   of  e l e c t r o -  

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

l e s s   s t e e l   member  s u b j e c t e d   p e r i o d i c a l l y   to   v a r y i n g   c o n -  

c e n t r a t i o n s   of  c o r r o s i v e ,   o x i d i z i n g   c h l o r i d e   i o n s ,   e . g . ,  

a  p a r t l y   s u b m e r s e d ,   r o t a t i n g ,   s t a i n l e s s   s t e e l   drum  in  a  

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

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

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

member ,   e . g . ,   t h e   drum,   a t   a  p r e d e t e r m i n e d   v o l t a g e   in  t h e  

r a n g e   of   - 6 0 0   t o   + 4 0 0   m V  A g / A g C l '   t h e   p r e d e t e r m i n e d  

v o l t a g e   b e i n g   s u f f i c i e n t l y   low  to  draw  t h e   s t a i n l e s s  

s t e e l   i n t o   a  p a s s i v e   c o r r o s i o n   p r o t e c t i o n   zone   b u t   n o t  

s u f f i c i e n t l y   low  to  draw  i t   i n t o   a  zone   of  u n i f o r m   c o r r o -  

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

s t a i n l e s s   s t e e l   pump  w o u l d   no t   s e r v e   to   p r o v i d e   c o r r o s i o n  

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

2.  SUMMARY  OF  THE  INVENTION 

( i )   S t a t e m e n t   of   I n v e n t i o n  

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

a q u e o u s   a g r e s s i v e   c h l o r i d e - i o n - c o n t a i n i n g   l i q u i d .   T h e  

pump  i n c l u d e s   a  s t a i n l e s s   s t e e l   c a s i n g ,   an  i n l e t   l i m b  

( e i t h e r   made  of  s t a i n l e s s   s t e e l   and  e l e c t r i c a l l y   i s o l a t e d  



f rom  t h e   s t a i n l e s s   s t e e l   c a s i n g ,   or   of  g l a s s - f i b r e   r e -  
i n f o r c e d   p l a s t i c ) ,   w h i c h   i s   c o n n e c t e d   t o   t h e   s t a i n l e s s  

s t e e l   c a s i n g ,   and ,   an  o u t l e t   l i m b   ( e i t h e r   made  of  s t a i n -  

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

s t e e l   c a s i n g   or  of  g l a s s - f i b r e   r e i n f o r c e d   p l a s t i c ) ,   w h i c h  

is   c o n n e c t e d   to   t h e   s t a i n l e s s   s t e e l   c a s i n g .   Means  a r e  

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

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

s t a i n l e s s   s t e e l   c a s i n g   to   a c t   as  a  c a t h o d e   or  a n o d e .   A t  

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

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

l i m b .   At  l e a s t   one  c o u n t e r   e l e c t r o d e   i s   s e c u r e d   w i t h i n  

and  is   e l e c t r i c a l l y   i s o l a t e d   f rom  t h e   same  i n l e t   l i m b  

a n d / o r   o u t l e t   l i m b .   Means  to   e l e c t r i c a l l y   c o n n e c t   t h e  

c o u n t e r   e l e c t r o d e   to   t h e   s o u r c e   of  DC  v o l t a g e .   F i n a l l y ,  

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

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

m i n e d   v o l t a g e   of  - 8 0 0   mV Ag/AgCl  or   more   p o s i t i v e .   S u c h  

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

s t e e l   c a s i n g   i n t o   a  p a s s i v e   c o r r o s i o n   z o n e ,   b u t   i s   n o t  

s u f f i c i e n t l y   low  to  draw  t h e   s t a i n l e s s   s t e e l   c a s i n g   i n t o  

a  zone   of  u n i f o r m   c o r r o s i o n .  

( i i )   O t h e r   F e a t u r e s   of   t h e   I n v e n t i o n  

B e c a u s e   of  t h e   s h a p e   of  t h e   pump  c a s i n g ,   i t   h a s   b e e n  

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

( i . e . ,   t h e   pump)  w i t h   two  s e p a r a t e   s e t s   of  r e f e r e n c e  

e l e c t r o d e   and  c o u n t e r   e l e c t r o d e .   One  r e f e r e n c e   e l e c t r o d e  

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

t h e   o t h e r   r e f e r e n c e   e l e c t r o d e   and  c o u n t e r   e l e c t r o d e   s e t  

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

r e f e r e n c e   and  c o u n t e r   e l e c t r o d e s   u s e d   d e p e n d s   upon   t h e  

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

p r o t e c t i o n   i s   p r o v i d e d   w h e t h e r   or  n o t   t h e   s y s t e m   i s   i n  

i t s   p u m p i n g   mode,  and  no  damage   o c c u r s   when  t h e   s y s t e m   i s  

n o t   in  i t s   p u m p i n g   m o d e .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  pump  and  a  m e t h o d   o f  

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

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



3.  DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

w h i c h   may  be  u s e d .   Two  t y p e s   of  t h e   s c r e w - i n   t y p e ,   or  o f  

t h e   b r e e c h - t y p e   h o l d e r .   The  r e f e r e n c e   e l e c t r o d e   may  b e  

an  Ag /AgCl   i n s e r t   w h i c h   is  epoxy   p o t t e d ,   w i t h   a  s i l i c o n e  

s e a l ,   in  t i t a n i u m ,   n i c k e l   b a s e   a l l o y ,   s t a i n l e s s   s t e e l   o r  

s y n t h e t i c   p l a s t i c   m a t e r i a l ,   or  i t   may  be  a  s a t u r a t e d  

c a l o m e l   e l e c t r o d e .  

S i m i l a r l y ,   t h e   c o u n t e r   e l e c t r o d e   may  be  of  v a r i o u s  

t y p e s .   Two  such   t y p e s   a re   of  t he   U - b e n d   form,   or  of  t h e  

c a n t i l e v e r   form  w i t h   a  b l o w - o u t   p r e v e n t e r .   The  c o u n t e r  

e l e c t r o d e   may  be  p l a t i n i z e d   n i o b i u m   on  c o p p e r ,   or  i t   may  
be  316L  s t a i n l e s s   s t e e l .  

The  pump  is   p r e f e r a b l y   p r o v i d e d   w i t h   two  c o v e r -  

p l a t e s ,   one  on  t h e   s u c t i o n   s i d e ,   t h e   o t h e r   on  t h e   p r e s -  

s u r e   s i d e .   The  c o v e r p l a t e s   may  be  of  s t a i n l e s s   s t e e l ,  

n i c k e l   b a s e   a l l o y   or  t i t a n i u m ,   or  of  s y n t h e t i c   p l a s t i c  

m a t e r i a l .   I f   t h e   c o v e r p l a t e   is  made  f rom  a  s y n t h e t i c  

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

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

c o v e r p l a t e s   may  be  s i t u a t e d   on  s m a l l   s i d e - a r m s   s e t   i n t o  

t he   main  p r o c e s s   p i p i n g ,   p r e f e r a b l y   w h e r e   t he   s i d e   a r m s  

a r e   of  t h e   "T"  or  "Y"  t y p e .  

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

pump  h a v i n g   a  s t a i n l e s s   s t e e l   c a s i n g ,   an  i n l e t   l i m b   a n d  

an  o u t l e t   l i m b ,   c o m p r i s i n g   t he   s t e p s   of :   e l e c t r i c a l l y  

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

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

a c t   e i t h e r   as  a  c a t h o d e   or  a n o d e ;   s e c u r i n g   at   l e a s t   o n e  

r e f e r e n c e   e l e c t r o d e   w i t h i n   at   l e a s t   one  of  s a i d   i n l e t  

l imb  and  s a i d   o u t l e t   l i m b ;   s e c u r i n g   a t   l e a s t   one  c o u n t e r  

e l e c t r o d e   w i t h i n   t h e   same  l imb  s e l e c t e d   from  s a i d   i n l e t  

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

p o t e n t i a l   to  s a i d   s t a i n l e s s   s t e e l   c a s i n g   a t   a  p r e d e t e r -  
m i n e d   v o l t a g e   of   - 8 0 0   mV  

A g / A g C l   
or   more  p o s i t i v e ,   s a i d  



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

l e s s   s t e e l   c a s i n g   i n t o   a  p a s s i v e   c o r r o s i o n   z o n e ,   b u t   n o t  

b e i n g   s u f f i c i e n t l y   low  to   draw  s a i d   s t a i n l e s s  s t e e l  

c a s i n g   i n t o   a  zone   of  u n i f o r m   c o r r o s i o n ,   in  s i t u a t i o n s  

w h e r e   s u c h   c o r r o s i o n   i s   p o s s i b l e .  

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

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

e n v i r o n m e n t s .   A  316L  t y p e   s t a i n l e s s   s t e e l   l a b o r a t o r y  

pump  was  u s e d ,   and  e x p e r i m e n t s   were  c a r r i e d   ou t   u s i n g  

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

b l e a c h   s o l u t i o n s ,   and  a  s i m u l a t e d   w h i t e   l i q u o r .   In  e a c h  

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

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

means  of  s a l t   b r i d g e s .   Two  r e f e r e n c e   e l e c t r o d e - c o u n t e r  

e l e c t r o d e   s e t s   were   u s e d ,   one  a t   the   pump  i n l e t   and  o n e  

at   t h e   pump  o u t l e t .   A  p o t e n t i o s t a t   was  u s e d ,   w i t h   t h e  

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

the   c o n t r o l   e l e c t r o d e .  

C h l o r i n e - s t a g e   t e s t s   were   c a r r i e d   ou t   w i t h   c h l o r i n e  

c o n c e n t r a t i o n s   r a n g i n g   f rom  0  to  125  ppm.  T y p i c a l  

r e s u l t s  a r e   shown  in  T a b l e   I.  W i t h o u t   p r o t e c t i o n ,   p o t e n -  
t i a l s   a c r o s s   t he   pump  c a s i n g   were   in  t he   r a n g e   +370  t o  

+600  m V A g / A g C l '   When  p r o t e c t i o n   was  a p p l i e d   w i t h   a  - 2 5 0  

m V A g / A g C l   s e t   p o i n t ,   t h e   p o t e n t i a l s   were   d e p r e s s e d   i n t o  

t h e   r a n g e   - 2 5 0   to   -100   mVAg/AgCl,   t he   v a l u e   d e p e n d i n g   o n  

e x a c t   l o c a t i o n   w i t h i n   t h e   pump  and  t h e   c h l o r i n e   c o n -  
c e n t r a t i o n .   The  r e s u l t s   in   T a b l e   I  i n d i c a t e   t h a t ,   as  t h e  

c h l o r i n e   c o n c e n t r a t i o n   i n c r e a s e d ,   t he   p o t e n t i a l s   w i t h i n  

t h e   p r o t e c t e d   pump  b e c a m e   more  p o s i t i v e .   Even  f o r   v e r y  

h i g h   C12  c o n c e n t r a t i o n s ,   h o w e v e r ,   p o t e n t i a l s   w i t h i n   t h e  

pump  were   k e p t   a t ,   or  b e l o w   -100  mVAg/AgCl .  



In  o r d e r   to  v e r i f y   t h a t   t h e   p o t e n t i a l s   o b t a i n e d  

w i t h i n   t h e   p r o t e c t e d   pump  d i d ,   in  f a c t ,   c o r r e s p o n d   t o  

r e d u c e d   c o r r o s i o n ,   c o r r o s i o n   c o u p o n   t e s t s   w e r e   c a r r i e d  

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

T y p e s   316L  and  317L  s t a i n l e s s   s t e e l s .   R e s u l t s   a r e   s h o w n  

in  T a b l e   I I ,   f o r   a  c h l o r i n e   c o n c e n t r a t i o n   of  50  p p m .  

For   316L,  l o c a l i z e d   c o r r o s i o n   is   e f f e c t i v e l y   p r e -  
v e n t e d   when   a t   p o t e n t i a l s   more   n e g a t i v e   t h a n   + 1 0 0  

mVAg/AgCl ;   some  g e n e r a l   c o r r o s i o n   is   e x p e r i e n c e d   b u t   t h i s  

is   f a r   l e s s   d a m a g i n g   t h a n   l o c a l i z e d   a t t a c k .   Fo r   3 1 7 L ,  

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

p o t e n t i a l s   more   n e g a t i v e   t h a n   +100   m V A g / A g C l   w i t h   t h e  

a d d i t i o n a l   a d v a n t a g e   t h a t   no  g e n e r a l   d i s s o l u t i o n   o c c u r s .  



R e s u l t s   of  t e s t s   done   w i t h   t h e   pump  in  c h l o r i n e  

d i o x i d e   s t a g e   c o n d i t i o n s   a r e   shown  in  T a b l e   I I I .   W i t h o u t  

p r o t e c t i o n ,   p o t e n t i a l s   w i t h i n   t h e   pump  c a s i n g   l a y   in  t h e  

r a n g e   +380   to   +600  m V A g / A g C l .   When  p r o t e c t i o n   was  a p -  

p l i e d   w i t h   a  - 2 5 0   m V A g / A g C l   s e t   p o i n t ,   t h e s e   p o t e n t i a l s  

f e l l   u n t i l   t h e y   were   in  t h e   r a n g e   -250   to  +310  m V A g / A g C l ,  
t h e   e x a c t   v a l u e   d e p e n d i n g   on  pump  c a s i n g   l o c a t i o n   a n d  

c h l o r i n e   d i o x i d e   c o n c e n t r a t i o n .  

To  c o n f i r m   t h a t   c o r r o s i o n   was  o b t a i n e d   w i t h i n   t h e  

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

c a r r i e d   o u t .   R e s u l t s   a r e   shown  in  T a b l e   IV.  I t   s h o u l d  

be  n o t e d   t h a t   t he   t e s t s   a r e   c o n c e r n e d   on ly   w i t h   Type  3 1 7 L  

or  e q u i v a l e n t   s t a i n l e s s   s t e e l ,   as  t h i s   i s   g e n e r a l l y   t h e  

min imum  g r a d e  u s e d   in   b l e a c h   p l a n t s   f o r   c h l o r i n e   d i o x i d e  

s t a g e   p u m p s .  



T a b l e   IV  shows  t h a t   t h e   p o t e n t i a l   of  a  Type  3 1 7 L  

s t a i n l e s s   s t e e l   has   to  be  b r o u g h t   b e l o w   +300  mVAg/AgCl  t o  

h a l v e   t h e   number   of  c r e v i c e   s i t e s   i n i t i a t e d .   C o m p a r i s o n  

of  t h i s   d a t a   to  t h a t   in  T a b l e   I I I   shows  t h a t   s i g n i f i c a n t  

p r o t e c t i o n   of  a  317L  t y p e   pump  c a s i n g   w i l l   be  a c h i e v e d ,  

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

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

A  t h i r d   s e t   of  e x p e r i m e n t s   was  c a r r i e d   o u t   u s i n g   a  

s y n t h e t i c   w h i t e   l i q u o r .   R e s u l t s   a r e   shown  in  T a b l e   V .  

W i t h   no  p r o t e c t i o n ,   p o t e n t i a l s   w i t h i n   t h e   pump  c a s i n g  

w e r e   a t   a b o u t   - 8 6 0   to   - 8 9 0   mVAg/AgCl .   Wi th   p r o t e c t i o n ,  

and  f o r   a  - 8 0 0   mVAg/AgCl  s e t - p o i n t ,   p o t e n t i a l s   l a y   w i t h i n  

t h e   r a n g e   of  - 800   to   -790   m V A g / A g C l .  

C o m p l e m e n t a r y   w e i g h t   l o s s   t e s t s   in  t h e   w h i t e   l i q u o r  

w e r e   c a r r i e d   ou t   to  c o n f i r m   t h a t   c o r r o s i o n   p r o t e c t i o n   w a s  

o b t a i n e d .   At  -900   mV  s . c . e .   a  w e i g h t   l o s s   r a t e   of  14  

m g / c m 2 / y e a r   was  o b t a i n e d ,   c o m p a r e d   to   5.5  m g / c m 2 / y e a r   a t  

-800   mV  s . c . e .   T h e s e   r e s u l t s   show  t h a t   t h e   c o r r o s i o n  

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

of  p r o t e c t i o n   to   t h e   p u m p .  



4.  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

( i )   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 s  

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

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

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

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

l i q u o r .  

( i i )   D e t a i l e d   D e s c r i p t i o n   of  t h e   D r a w i n g  

As  s e e n   in  t he   d r a w i n g ,   t h e   pump  10  i n c l u d e s   a  

s t a i n l e s s   s t e e l   c a s i n g   11  to   w h i c h   i s   c o n n e c t e d   an  i n l e t  

l i m b   12  and  an  o u t l e t   l imb   13.  A  l i n e   14  e l e c t r i c a l l y  

c o n n e c t s   t h e   s t a i n l e s s   s t e e l   c a s i n g   11  to  a  s o u r c e   of  DC 

v o l t a g e   15,  w h i c h   is  so  c o n n e c t e d   as  to   i n d u c e   t h e   s t a i n -  

l e s s   s t e e l   c a s i n g   11  to   a c t   e i t h e r   as  an  a n o d e   or  as  a  

c a t h o d e   as  r e q u i r e d .   As  shown,   a  r e f e r e n c e   e l e c t r o d e   16 

i s   s e c u r e d   to   c o v e r p l a t e   17  in   t h e   i n l e t   l i m b   1 2 ,  

a l t h o u g h ,   as  d e s c r i b e d   a b o v e ,   a t   l e a s t   one  s u c h   r e f e r e n c e  

e l e c t r o d e   may  be  s e c u r e d   w i t h i n   a t   l e a s t   one  of  t h e   i n l e t  

l i m b   12  or  t h e   o u t l e t   l imb   13,  e . g .   w i t h i n   c o v e r p l a t e   1 8 .  

As  shown,   a  c o u n t e r   e l e c t r o d e   19  i s   s e c u r e d   w i t h i n   c o v e r -  

p l a t e   17  in   i n l e t   l imb   12,  a l t h o u g h ,   as  d e s c r i b e d   a b o v e ,  

a t   l e a s t   one  c o u n t e r   e l e c t r o d e   19  w o u l d   be  s e c u r e d   to   t h e  

same  c o v e r p l a t e ,   e . g .   17  a n d / o r   18  to   w h i c h   t h e   r e f e r e n c e  

e l e c t r o d e   16  is   s e c u r e d .   A  l i n e   20  e l e c t r i c a l l y   c o n n e c t s  

t h e   c o u n t e r   e l e c t r o d e   19  to   t h e   s o u r c e   of  DC  v o l t a g e   1 5 .  

C o n t r o l   means   21  a r e   e l e c t r i c a l l y   c o n n e c t e d   to   t h e   s o u r c e  

of  DC  v o l t a g e   15,  in  o r d e r   to   i m p r e s s   a  p r o t e c t i o n   p o t e n -  
t i a l   to   s a i d   s t a i n l e s s   s t e e l   c a s i n g   a t   a  p r e d e t e r m i n e d  

v o l t a g e   of   - 8 0 0   mV Ag/AgCl  or   m o r e   p o s i t i v e .   A  l i n e   22 

e l e c t r i c a l l y   c o n n e c t s   t he   r e f e r e n c e   e l e c t r o d e   16  to   t h e  

c o n t r o l   means   21.  As  d i s c l o s e d   a b o v e ,   t h a t   p r e d e t e r m i n e d  

v o l t a g e   i s   s u f f i c i e n t   to   draw  t h e   s t a i n l e s s   s t e e l   c a s i n g  

i n t o   a  p a s s i v e   c o r r o s i o n   z o n e .  



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

e l e c t r o d e   c o v e r p l a t e   ( 1 7 , 1 8 )   r e q u i r e s   one  r e f e r e n c e  

e l e c t r o d e   (16)   and  one  c o u n t e r   e l e c t r o d e   ( 1 9 ) .   I t   i s  

p r e f e r r e d   t h a t ,   i f   o n l y   one  c o u n t e r   e l e c t r o d e   (19)   a n d  

one  r e f e r e n c e   e l e c t r o d e   (16)   be  u s e d ,   t h e y   be  l o c a t e d   o n  

t h e   same  s i d e   of  t h e   pump  c a s i n g   ( 1 1 ) ;   i f   t h e y   a r e   l o c a t -  

ed  on  o p p o s i t e   s i d e s   of  t h e   pump  c a s i n g   ( 1 1 ) ,   g r o s s   n e g a -  
t i v e   p o t e n t i a l s   can  be  g e n e r a t e d ,   e s p e c i a l l y   when  t h e  

pump  is   no t   o p e r a t i n g .  

The  r e f e r e n c e   e l e c t r o d e   (16)   can  be  of  t h e   s c r e w - i n  

t y p e .   For   b l e a c h   p l a n t s ,   t h i s   e l e c t r o d e   can   be  a n  

A g / A g C l   i n s e r t   w h i c h   is  e p o x y   m o u n t e d   w i t h   a  s i l i c o n e  

s e a l   i n   t i t a n i u m ,   INCONEL  625  or  AVESTA  254  SMO. 

[INCONEL  625  i s   a  r e g i s t e r e d   t r a d e   mark  of  H u n t i n g t o n  

A l l o y s ,   I n c .   AVESTA  254  SMO  is   a  r e g i s t e r e d   t r a d e   m a r k  

of  A v e s t a   J e r n v e r k s   AB].  A l t e r n a t i v e l y ,   i t   may  be  KYNAR 

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

h o l d e r .   [KYNAR  i s   a  r e g i s t e r e d   t r a d e   mark  of  P e n n w a l t  

C o r p o r a t i o n ] .   In  a l k a l i n e   p u l p i n g   l i q u o r ,   a  s u i t a b l y  

d e s i g n e d   s a t u r a t e d   c a l o m e l   r e f e r e n c e   e l e c t r o d e   (16)   i s  

p r e f e r r e d .  

Fo r   b l e a c h   p l a n t s ,   t h e   c o u n t e r   e l e c t r o d e   (19)   i s  

p r e f e r a b l y   p l a t i n i z e d   n i o b i u m   on  c o p p e r   and ,   in   a l k a l i n e  

p u l p i n g   l i q u o r ,   t h e   c o u n t e r   e l e c t r o d e   is  p r e f e r a b l y   T y p e  

316  s t a i n l e s s   s t e e l .   In  p h y s i c a l   fo rm,   i t   may  be  a  

U - b e n d ,   e x i t i n g   t h r o u g h   two  CONAX  g l a n d s ,   or  a  c a n t i -  

l e v e r ,   w i t h   b l o w - o u t   p r e v e n t i o n   c o l l a r ,   e x i t i n g   t h r o u g h  

one  CONAX  g l a n d .   [CONAX  i s   a  r e g i s t e r e d   t r a d e   mark  o f  

Conax  C o r p o r a t i o n ] .   T h i s   s u b s t a n t i a l l y   e l i m i n a t e s   b l o w -  

o u t   d a n g e r .  

In  t h e   b l e a c h   p l a n t ,   t h e   c o v e r p l a t e   ( 1 7 , 1 8 )   may  b e  

m e t a l l i c   or  n o n - m e t a l l i c .   I f   m e t a l l i c ,   t h e   c o v e r p l a t e  

s h o u l d   p r e f e r a b l y   be AVESTA  254  SMO  s t a i n l e s s   or  s i m i l a r ,  

s t e e l ,   HASTELLOY-C  or  t i t a n i u m .   [HASTELLOY-C  is   a  r e g i s -  

t e r e d   t r a d e   mark  of  C a b o t   C o r p o r a t i o n ] .   I f   n o n - m e t a l l i c ,  

i t   s h o u l d   p r e f e r a b l y   be  a  p o l y v i n y l   c h l o r i d e   or  KYNAR 



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

O - r i n g   s e a l s .   A  p o l y m e r i c   p l a t e   w i t h o u t   a  s t a i n l e s s  

s t e e l   b a c k i n g   may  be  a d e q u a t e   i f   i t   m e e t s   s t r e n g t h  

r e q u i r e m e n t s .   In  a l k a l i n e   p u l p i n g   l i q u o r ,   a  Type   3 1 6 L  

s t a i n l e s s   s t e e l   c o v e r p l a t e   is  p r e f e r r e d .   The  pump  s h o u l d  

h a v e   two  c o v e r p l a t e s   ( 1 7 , 1 8 ) ,   one  on  t h e   s u c t i o n   s i d e  

(12)   and  one  on  t h e   p r e s s u r e   s i d e   ( 1 3 ) .   To  m i n i m i z e  

v i b r a t i o n a l   a n d / o r   e r o s i o n   p r o b l e m s   on  t h e   e l e c t r o d e s ,  

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

arms  of  t h e   "T"  ( t y p e   as  shown)   or  "Y"  t y p e ,   s e t   i n t o   t h e  

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

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

c o v e r p l a t e s .  

SUMMARY 

From  t h e   f o r e g o i n g   d e s c r i p t i o n ,   one  s k i l l e d   in  t h e  

a r t   can  e a s i l y   a s c e r t a i n   t h e   e s s e n t i a l   c h a r a c t e r i s t i c s   o f  

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

s c o p e   t h e r e o f ,   can  make  v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s  

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

d i t i o n s .   C o n s e q u e n t l y ,   s u c h   c h a n g e s   and  m o d i f i c a t i o n s  

a r e   p r o p e r l y ,   e q u i t a b l y   and  " i n t e n d e d "   t o   be ,   w i t h i n   t h e  

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

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

may  be  made  t h e   s u b j e c t   of  f u r t h e r   c l a i m s   t o   be  a d d e d   i n  
in   due   c o u r s e   to   t h e   10  c l a i m s   w i t h   w h i c h   t h i s  

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

10.   The  pump  of  c l a i m   1  w h e r e i n   s a i d   r e f e r e n c e   e l e c t r o d e  

i s   of  t h e   b r e e c h - t y p e   h o l d e r .  

l l .   The  pump  of  c l a i m   9  w h e r e i n   s a i d   r e f e r e n c e   e l e c t r o d e  

i s   an  A g / A g C l   i n s e r t   w h i c h   i s   e p o x y   p o t t e d   w i t h   a  

s i l i c o n e   s e a l   in  t i t a n i u m ,   n i c k e l   b a s e   a l l o y ,   s t a i n -  

l e s s   s t e e l   or  s y n t h e t i c   p l a s t i c   m a t e r i a l .  



12.  The  pump  o f  c l a i m   9  w h e r e i n   s a i d   r e f e r e n c e   e l e c t r o d e  

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

13.   The  pump  of  c l a i m   10  w h e r e i n   s a i d   r e f e r e n c e   e l e c -  

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

14.   The  pump  of  c l a i m   1  w h e r e i n   s a i d   c o u n t e r   e l e c t r o d e  

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

15.   The  pump  of  c l a i m   1  w h e r e i n   s a i d   c o u n t e r   e l e c t r o d e  

i s   316L  s t a i n l e s s   s t e e l .  

16 .   The  pump  of  c l a i m   1  w h e r e i n   s a i d   c o u n t e r   e l e c t r o d e  

i s   of  U - b e n d   f o r m .  

17.   The  pump  of  c l a i m   1  w h e r e i n   s a i d   c o u n t e r   e l e c t r o d e  

i s   of  c a n t i l e v e r   fo rm  w i t h   b l o w - o u t   p r e v e n t e r .  

18.   The  pump  of  c l a i m   1  w h e r e i n   s a i d   pump  i s   p r o v i d e d  

w i t h   two  c o v e r p l a t e s ,   one  on  t h e   s u c t i o n   s i d e ,   t h e  

o t h e r   on  t h e   p r e s s u r e   s i d e .  

19.   The  pump  of  c l a i m   14  w h e r e i n   s a i d   c o v e r p l a t e  i s   o f  

s t a i n l e s s   s t e e l ,   n i c k e l   b a s e   a l l o y   or  t i t a n i u m .  

20.  The  pump  of  c l a i m   15  w h e r e i n   s a i d   c o v e r p l a t e   is   o f  

s t a i n l e s s   s t e e l ,   n i c k e l   b a s e   a l l o y   or   t i t a n i u m .  

I  21.   The  pump  of  c l a i m   14  w h e r e i n   s a i d   c o v e r p l a t e   i s   o f  

s y n t h e t i c   p l a s t i c   m a t e r i a l .  

22.  The  pump  of  c l a i m   14  w h e r e i n   s a i d   c o v e r p l a t e   i s  

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



23.  The  pump  of  c l a i m   18  w h e r e i n   s a i d   c o v e r p l a t e s   a r e  

s i t u a t e d   on  s m a l l   s i d e - a r m s   s e t   i n t o   t h e   m a i n   p r o -  

c e s s   p i p i n g .  

24.  The  pump  of  c l a i m   18  w h e r e i n   s a i d   s i d e - a r m s   a r e   o f  

t h e   "T"  or  "Y"  t y p e .  



The  e m b o d i m e n t s   of  t h e   i n v e n t i o n   in  w h i c h   an  e x c l u -  

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

f o l l o w s :  

1.  A  pump  f o r   p u m p i n g   an  a q u e o u s   o x i d i z i n g   c h l o r i d e -  

i o n - c o n t a i n i n g   l i q u i d   or  c h e m i c a l   p u l p i n g   l i q u o r ,  

t h e   pump  c o m p r i s i n g :   ( i )   a  s t a i n l e s s   s t e e l   o r  

c a r b o n   s t e e l   c a s i n g ;   ( i i )   an  i n l e t   l i m b   c o n n e c t e d   t o  

s a i d   s t a i n l e s s   s t e e l   or  c a r b o n   s t e e l   c a s i n g ;   ( i i i )  

an  o u t l e t   l imb   c o n n e c t e d   to  s a i d   s t a i n l e s s   s t e e l . o r  

c a r b o n   s t e e l   c a s i n g ;   ( i v )   means  e l e c t r i c a l l y   c o n -  

n e c t i n g   s a i d   s t a i n l e s s   s t e e l   or  c a r b o n   s t e e l   c a s i n g  

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

s t a i n l e s s   s t e e l   or  c a r b o n   s t e e l   c a s i n g   to   a c t   as  a n  

a n o d e   or  a  c a t h o d e ,   as  r e q u i r e d ;   (v)  a t   l e a s t   o n e  

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

s a i d   i n l e t   l imb  and  s a i d   o u t l e t   l i m b ;   ( v i )   a t   l e a s t  

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

l i m b   s e l e c t e d   from  s a i d   i n l e t   l imb   and  s a i d   o u t l e t  

l i m b ;   and  ( v i i )   c o n t r o l   means   f o r   i m p r e s s i n g   a  p r o -  
t e c t i o n   p o t e n t i a l   to   s a i d   s t a i n l e s s   s t e e l   or  c a r b o n  

s t e e l   c a s i n g   a t   a  p r e d e t e r m i n e d   v o l t a g e   of  - 8 0 0  

m V A g / A g C 1   or   m o r e   p o s i t i v e ,   s a i d   p r e d e t e r m i n e d  

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

or  c a r b o n   s t e e l   c a s i n g   i n t o   a  p a s s i v e   c o r r o s i o n  

z o n e .  

2.  The  pump  of  c l a i m   1  w h e r e i n   s a i d   o u t l e t   l i m b   is   m a d e  

of  s t a i n l e s s   s t e e l   and  e l e c t r i c a l l y   i s o l a t e d   f r o m  

t h e   pump  b o d y .  

3.  The  pump  of  c l a i m s   1  or  2  w h e r e i n   s a i d   i n l e t   l imb   i s  

made  of  s t a i n l e s s   s t e e l   and  e l e c t r i c a l l y   i s o l a t e d  

f rom  t h e   pump  b o d y .  

4.  The  pump  of  c l a i m   1  w h e r e i n   s a i d   o u t l e t   l imb   is  m a d e  

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



5.  The  pump  of  c l a i m s   1  or  4  w h e r e i n   s a i d   i n l e t   l imb   i s  
made  of  g l a s s - f i b r e   r e i n f o r c e d   p l a s t i c .  

6.  The  pump  of  c l a i m   1  w h e r e i n   s a i d   c o u n t e r   e l e c t r o d e  
and  s a i d   r e f e r e n c e   e l e c t r o d e   a r e   each   p l a c e d   on  t h e  
o u t l e t   l i m b .  

7.  The  pump  of  c l a i m   1  w h e r e i n   s a i d   c o u n t e r   e l e c t r o d e  
and  s a i d   r e f e r e n c e   e l e c t r o d e   a r e   e a c h   p l a c e d   on  t h e  
i n l e t   l i m b .  

8.  The  pump  of  c l a i m   1  w h e r e i n   s a i d   c o u n t e r   e l e c t r o d e s  
and  s a i d   r e f e r e n c e   e l e c t r o d e s   a r e   p l a c e d   on  b o t h   t h e  
o u t l e t   l imb   and  t h e   i n l e t   l i m b .  

9.  The  pump  of  c l a i m   1  w h e r e i n   s a i d   r e f e r e n c e   e l e c t r o d e  
is   of  t h e   s c r e w - i n   t y p e .  

A  m e t h o d   of  p r o t e c t i n g   a  pump  h a v i n g   a  s t a i n l e s s  

s t e e l   or  c a r b o n   s t e e l   c a s i n g ,   an  i n l e t   l imb  and  a n  

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

c o n n e c t i n g   s a i d   s t a i n l e s s   s t e e l   or  c a r b o n   s t e e l  

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

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

e i t h e r   as  a  c a t h o d e   or  a n o d e ;   s e c u r i n g  a t   l e a s t   o n e  

r e f e r e n c e   e l e c t r o d e   w i t h i n   a t   l e a s t   one  of  s a i d  

i n l e t   l imb   and  s a i d   o u t l e t   l i m b ;   s e c u r i n g   at   l e a s t  

one  c o u n t e r   e l e c t r o d e   w i t h i n   t h e   same  l imb   s e l e c t e d  

f r o m  s a i d   i n l e t   l i m b   and  s a i d   o u t l e t   l i m b ;   a n d  

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

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

v o l t a g e   of  - 8 0 0   m V A g / A g C l   o r   m o r e   p o s i t i v e ,   s a i d  

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

s t a i n l e s s   s t e e l   or  c a r b o n   s t e e l   c a s i n g   i n t o   a  

p a s s i v e   c o r r o s i o n   zone  b u t ,   w h e r e   p o s s i b l e ,   n o t  

b e i n g   s u f f i c i e n t l y   low  to   draw  s a i d   s t a i n l e s s   s t e e l  

or  c a r b o n   s t e e l   c a s i n g   i n t o   a  zone   of  u n i f o r m   c o r r o -  

s i o n .  
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