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A   corrosion  inhibitor  composition  and  a  method  for  its 
use  in  potable  and  industrial  water  treatment  facilities  for 
controlling  corrosion  encountered  in  water  distribution  sys- 
tems  such  as  turbine  pump  blades,  the  main  distribution 
piping,  their  tributaries,  and  domestic  and  industrial  piping 
comprises  a  weight  ratio  of  PO4=  to  Zn*of  about  2:1  to 
3:1.  When  added  to  the  raw  water  intake  or  other  suitable 
point  in  small  but  effective  quantities,  it  passivates  metal 
surfaces.  The  inhibitor  is  effective  within  a  pH  range  of  about 
5-9  but  is  especially  effective  in  waters  having  a  pH  of  6.5-8. 



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

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

w i t h   w a t e r ,   e s p e c i a l l y   f l o w i n g   w a t e r .   More  p a r t i -  

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

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

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

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

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

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

I t   i s   known  to  t h o s e   s k i l l e d   in  t h e   a r t  

of   c o r r o s i o n   i n h i b i t i o n   t h a t   mos t   c o m m e r c i a l   c o r -  

r o s i o n   i n h i b i t o r s   e x h i b i t   one  or   more  u n d e s i r a b l e  

c h a r a c t e r i s t i c s   w h o l l y   a p a r t   f rom  t h e i r   a b i l i t i e s  

to   i n h i b i t   c o r r o s i o n .   One  of  t h e s e   w e a k n e s s e s   i s  

a  s u s c e p t i b i l i t y   to   d e s t r u c t i o n   by  o x i d i z i n g   o r  

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

t h e   t e n d e n c y   of   some  c o r r o s i o n   i n h i b i t o r s   to   e n -  

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

of  t h e i r   n u t r i e n t   p r o p e r t i e s .   O t h e r   c o r r o s i o n   i n -  

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

a  r e l a t i v e l y   p e r m a n e n t   s t a i n   on  s u s c e p t i b l e   s u r -  

f a c e s .  

I t   i s   a l s o   known  t h a t   i r o n   when  in   c o n t a c t  

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



i s   p r o n e   to   d e v e l o p   l o c a l   e l e c t r o l y t i c   s i t e s   on  i t s  

s u r f a c e .   T h e s e   s i t e s   a r e   a  p e c u l a r i t y   of  t h e  

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

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

p r o p e r t i e s   to  t h e   i r o n   o r   s t e e l .   S i m i l a r   c o r r o s i o n  

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

c o n t a c t   w i t h   w a t e r .   W h i l e   t h e   d e g r e e   of  c o r r o s i o n  

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

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

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

A l t h o u g h   t h e   p r i n c i p l e   of   e m p l o y i n g   p h o s -  

p h a t e s   and  z i n c   to  i n h i b i t   c o r r o s i o n   i s   n o t   n e w ,  
i t   was  n o t   h e r e t o f o r e   known  or   a p p r e c i a t e d   t h a t  

t h e r e   was  any  c r i t i c a l i t y   to  t h e   r a t i o   of  p h o s p h a t e  

to  z i n c .   In  f a c t ,   t h e   p r i o r   a r t   t a u g h t   away  f r o m  

t h e   d i s c o v e r y   s e t   f o r t h   h e r e i n .  

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

t a i n i n g   of  a b o u t   2 :1   to   3 :1   by  w e i g h t   of  p h o s p h a t e  

to  z i n c   in  a  c o n c e n t r a t i o n   of  a  few  p a r t s   p e r   m i l l i o n  

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

s a t i s f a c t i o n   c o n c e n t r a t i o n   r a n g e   b a s e d   on  z i n c   i o n  

c o n t e n t   i s   a b o u t   0 .2   to   5  ppm  a t   t h e   p o i n t   of  m e t e r i n g  

i n t o   t h e   s y s t e m .   The  c o r r o s i o n   i n h i b i t o r   of  t h i s  

i n v e n t i o n   i s   f u r t h e r   p r e f e r a b l y   i n j e c t e d   as  a  l i q u i d  

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

t h a t   t h e   pH  of   t h e   raw  w a t e r   be  b e t w e e n   6 .5   to  8 ,  

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

a  pH  of   5 - 9 .  

The  l i q u i d   c o r r o s i o n   i n h i b i t o r   c o m p o s i t i o n  

c o m p r i s e s   d i v a l e n t   z i n c   and  t r i v a l e n t   p h o s p h a t e   ( s o -  

c a l l e d   o r t h o p h o s p h a t e   P 0 4  3 ) .   The  s o u r c e   of  t h e   z i n c  

can  be  any  n o n - t o x i c   z i n c   s a l t ,   s o l u b l e   in   an  a q u e o u s  
c a r r i e r   f l u i d ,   s u c h   as  z i n c   o x i d e ,   z i n c   p h o s p h a t e ,  

z i n c   c h l o r i d e ,   z i n c   c a r b o n a t e ,   z i n c   s u l f a t e .   T h e  

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



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

s u p p l i e d   by  any  s o l u b l e   o r t h o p h o s p h a t e   s a l t ,   i . e . ,  

mono-   and  d i - s o d i u m   a c i d   p h o s p h a t e   (NaH2P04 ,   N a 2 H P 0 4 ) ,  
z i n c   o r t h o p h o s p h a t e ,   m o n o p o t a s s i u m   p h o s p h a t e ,   d i -  

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

t h e   l i k e .   G e n e r a l l y ,   t he   r e q u i s i t e   q u a n t i t i e s   o f  

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

p r o v i d e   t h e   n e c e s s a r y   2 :1   to   3 :1   r a t i o   of   p h o s p h a t e  

to  z i n c   i s   d i s s o l v e d   in  w a t e r   and  t h e   pH  of  t h e  

s o l u t i o n   a d j u s t e d   w i t h   a  n o n - t o x i c   a c i d   s u c h   a s  

p h o s p h o r i c   a c i d ,   s u l f u r i c   a c i d ,   or   h y d r o c h l o r i c   a c i d  

to   s o l u b i l i z e   t h e   c o m p o n e n t s .   I t   s h o u l d   be  n o t e d  

t h a t   i f   a d j u s t e d   w i t h   p h o s p h o r i c   a c i d   t h e   p h o s p h a t e   t o  

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

s e t   f o r t h   h e r e i n .   A l s o ,   t h e   i n h i b i t o r   c o n t e n t   s h o u l d  

p r e f e r a b l y   be  as  h i g h   as  p o s s i b l e   (40%-60%)  so  t h a t  

s h i p p i n g   c o s t s   can  be  m i n i m i z e d   and  p u m p i n g   c o s t s  

r e d u c e d .  

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

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

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

i t s   m e t e r i n g   i n t o   t h e   raw  w a t e r   i n t a k e   or   o t h e r  

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

b e l i e v e d   as  a d v a n t a g e o u s   as  a  l i q u i d .  

The  z i n c   c o n t e n t   s h o u l d   be  c o n t r o l l e d   s o  

t h a t   i t   p r e f e r a b l y   i s   w i t h i n   t h e   r a n g e   of  0 . 5 - 2   p a r t s  

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

i n j e c t i o n   p o i n t .  

In  t h e   p r e f e r r e d   m e t h o d   of   e m p l o y i n g   t h e  

c o m p o s i t i o n   of   t h i s   i n v e n t i o n   t h e   c o m p o s i t i o n   i s  

m e t e r e d   by  any  s u i t a b l e   e q u i p m e n t   i n t o   t h e   raw  w a t e r  

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

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

t h e   i o n s   by  p r e c i p i t a t i o n   o r   o t h e r w i s e ,   t h e   i n h i b i t o r  

c o m p o s i t i o n   i s   i n j e c t e d   i n t o   t h e   s y s t e m   s u b s e q u e n t   t o  



t h e   f l o c c u l a t i o n   s t e p .   I t   i s ,   h o w e v e r ,   d e s i r a b l e  

to  i n j e c t   t h e   i n h i b i t o r   c o m p o s i t i o n   as  soon   a s  

p r a c t i c a l   so  as  to   p r o t e c t   t h e   d o w n s t r e a m   m e t a l s .  

The  d e t a i l s   of   t h e   i n v e n t i o n   can  be  u n d e r -  

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

t he   p r e f e r r e d   mode  of   p r a c t i c i n g   t h i s   i n v e n t i o n .  

T h r e e   z i n c / o r t h o p h o s p h a t e   c o m p o s i t i o n   w i t h   r a t i o s   o f  
o r t h o p h o s p h a t e : Z n  + 2   of   3 : 1 ,   2 :1   and  1 :1   were   i n v e s -  

t i g a t e d   in   t h e   l a b o r a t o r y   t e s t s .  

The  s t e e l   c o r r o s i o n   r a t e   d a t a   we re   o b t a i n e d  

in  a  t e s t   u n i t   w h i c h   u t i l i z e d   8  l i t e r s   of  P i t t s b u r g h  

t a p   w a t e r   (22  m g . / l   Ca+2,   6  m g . / l   Mg+2,  18  m g . / l   C l - 1 ,  

82  m g . / l   S O 4 - 2 ,   10  m g . / l   HCO3-1  a t   30°C.   ( 8 6 ° F . ) .  

The  w a t e r   was  c i r c u l a t e d ,   a e r a t e d   and  i t s   t e m p e r a t u r e  

and  pH  m a i n t a i n e d   e s s e n t i a l l y   c o n s t a n t .  

The  t e s t   p a n e l s   w e r e   AISI   1010  s t e e l   w i t h  

two  1  x  1"  p a n e l s   e x p o s e d   in  e a c h   t e s t   u n i t .   T h e s e  

p a n e l s   w e r e   c l e a n e d   and  d e g r e a s e d   by  c l e a n s i n g  

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

and  d i s t i l l e d   w a t e r .   The  p a n e l s   were   d r i e d ,   w e i g h e d  

on  an  a n a l y t i c a l   b a l a n c e ,   and  t h e n   r i n s e d   w i t h  

a c e t o n e   and  d i s t i l l e d   w a t e r   to  y i e l d   a  u n i f o r m l y  

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

s t e e l   p a n e l s   w e r e   c l e a n e d   w i t h   i n h i b i t e d   a c i d ,   r e -  

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

p e r   y e a r   ( m p y ) .  

The  c o r r o s i o n   t e s t   c y c l e   u s e d   to   e v a l u a t e  

t h e   s e v e r a l   c o r r o s i o n   i n h i b i t o r s   in   t h e   f i r s t   s e r i e s  

of  i n v e s t i g a t i o n s   was  a  f i v e - d a y   l a b o r a t o r y   t e s t   i n  

w h i c h   new  i n h i b i t e d   P i t t s b u r g h   w a t e r   was  p r e s e n t   a t  

t h e   b e g i n n i n g   of   t h e   N o .  1   and  N o .  2   d a y s   of   t e s t i n g  

w h i l e   t h e   f r e s h   i n h i b i t e d   w a t e r   u s e d   on  t h e   N o .  3   d a y  

was  n o t   r e p l a c e d   d u r i n g   t h e   r e m a i n i n g   N o .  4   and  N o .  5  

d a y s   o f   t e s t i n g .   T h i s   t e s t   c y c l e   w i l l   be  r e f e r r e d   t o  

as  t h e   1 - 1 - 3   c y c l e .  



L a t e r   t e s t   c y c l e s   u s e d   a  d a i l y   r e p l a c e m e n t  

of   f r e s h   i n h i b i t e d   P i t t s b u r g h   w a t e r   o v e r   a  f o u r - d a y  

t e s t   p e r i o d   and  a r e   i d e n t i f i e d   as  t h e   1  x  4  c y c l e .  

B o t h   of  t h e s e   c y c l e s   a t t e m p t e d   to   s i m u l a t e   many  of  t h e  

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

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

b r i n g   s m a l l   c o n c e n t r a t i o n s   of  c o r r o s i o n   i n h i b i t o r   t o  

t h e   m e t a l   p i p e   s u r f a c e s .   H o w e v e r ,   in   t h e   l a b o r a t o r y  

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

b r o u g h t   to  t h e   m e t a l   s u r f a c e .   M o r e o v e r ,   t h e   r a t i o   o f  

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

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

t h e s e   more   a g g r e s s i v e   c o n d i t i o n s   r e q u i r e   t h a t   t h e  

l a b o r a t o r y   i n h i b i t o r   c o n c e n t r a t i o n s   be  s e v e r a l   t i m e s  

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

a p p l i c a t i o n s .  

EXAMPLE  I  

A  l i q u i d   c o n t a i n i n g   49.2%  a c t i v e   c o m p o n e n t s  

( 2 . 9   P 0 4 : 1   Zn+2)  w i t h   a  s p e c i f i c   g r a v i t y   of  1 . 5 6  

( a t   2 5 ° C . ) ,   and  a  f r e e z e   p o i n t   b e l o w   - 5 0 ° F .   was  p r e -  

p a r e d .   The  m a t e r i a l   of  t h i s   e x a m p l e   i s   made  b y  

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

For   1000  l b s .   of   p r o d u c t ,   472  l b s .   of   80%  p h o s p h o r i c  

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

of  384  l b s .   of  ZnCl2  (68 .5%)   and  144  l b s .   of   d e i o n i z e d  

w a t e r .  

EXAMPLE  I I  

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

s i m i l a r l y   p r e p a r e d   b u t   a d j u s t e d   in   q u a n t i t i e s   o f  

m a t e r i a l   so  t h a t   a  2 :1   w e i g h t   r a t i o   of   P O 4 ≡ : Z n  

was  o b t a i n e d .  

In  T a b l e   1 ,  s t e e l   c o r r o s i o n   r a t e   d a t a  

a r e   p r e s e n t e d   f o r   t h e   1 - 1 - 3   c y c l e   u s i n g   P i t t s b u r g h  

w a t e r   a t   30°C.   and  pH  6 . 5 .   D a t a   f o r   t h e   f i v e - d a y  

t e s t s   r e p r e s e n t   t r e a t m e n t   of  t h e   w a t e r   w i t h   0,  6 ,  



8,  and   10  m g . / l   of  t h e   z i n c / p h o s p h a t e   a c t i v e   c o m -  

p o n e n t s   in  t h e   2 . 9 : 1   and   2 : 1 .   An  a d d i t i o n a l   i n -  

h i b i t o r   w i t h   a  w e i g h t   r a t i o   of  0 . 9   P O 4 : 1   Zn  w a s  

a l s o   i n c l u d e d   in  t h e   t e s t .   As  e x p e c t e d ,   a l l   of  t h e  

i n h i b i t o r s   w e r e   more   e f f e c t i v e   in   c o n t r o l l i n g   c o r -  

r o s i o n   a t   a  10  m g . / l   t r e a t m e n t   r a t e   as  c o m p a r e d   t o  

6  m g . / l .  

The  c o r r o s i o n   r a t e s   of   s t e e l   e x p o s e d   t o  

t h e   s e v e r a l   i n h i b i t o r   s y s t e m s   w e r e   q u i t e   s i m i l a r  

and  r a n g e d   b e t w e e n   1 . 0 - 1 . 6   mpy  f o r   c o n c e n t r a t i o n s  

of   8  and  10  m g . / l   i n h i b i t o r .   T h i s   r e p r e s e n t s  

9 7 . 3 % - 9 8 . 5 %   i n h i b i t i o n   c o m p a r e d   to   t h e   u n t r e a t e d  

s y s t e m .   At  a  6  m g . / l   t r e a t m e n t   r a t e ,   c o r r o s i o n  

r a t e s   f o r   t h e   s e v e r a l   i n h i b i t o r s   w e r e   2 . 7 - 3 . 9   m p y  
and  r e p r e s e n t   9 3 . 6 % - 9 5 . 5 %   i n h i b i t i o n   o f   c o r r o s i o n .  

C o r r o s i o n   r a t e s   f o r   s t e e l   e x p o s e d   to   t h e   2 . 9 : 1   a n d  

2 :1   c o m p o s i t i o n s   we re   l o w e r   t h a n   t h o s e   f o r   t h e  

0 . 9 : 1   c o m p o s i t i o n   a t   two  of  t h e   t h r e e   i n h i b i t o r  

c o n c e n t r a t i o n s   t e s t e d .  

Da t a   c o l l e c t e d   a t   6  m g . / l   ( a c t i v e )   t r e a t -  

m e n t   r a t e   of   t h e   s e v e r a l   o r t h o p h o s p h a t e / Z n + 2  

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

l a b o r a t o r y   t e s t   m e t h o d s   ( t h e   1 - 1 - 3   c y c l e   and   t h e  

1  x  4  c y c l e ) .   The  d a t a   i n   T a b l e   2  d o e s   n o t   i n d i c a t e  

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

(1  x  4  c y c l e )  g a v e   any   b e t t e r   c o r r o s i o n   p r o t e c t i o n  



t h a n   a  t e s t   c y c l e   t h a t   r e n e w e d   t he   c y c l e   o n l y   t h e  

f i r s t   two  d a y s   and  t h e n   u s e d   t he   f r e s h   t h i r d   d a y  

s o l u t i o n   f o r   t h e   b a l a n c e   of  t he   f i v e - d a y   t e s t .  

The  f o l l o w i n g   t a b l e   shows  t he   s t e e l  

c o r r o s i o n   r a t e s   f o r   t h e   two  m e t h o d s   when  t h e   t h r e e  

i n h i b i t o r s   we re   e v a l u a t e d   a t   6  m g . / l   of  a c t i v e   Z n /  

p h o s p h a t e   and  a t   a  pH  6 . 5 .   Note   t h a t   0 . 9 : 1  

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

o t h e r s   in  t h e   1  x  4  c y c l e   w h i l e   t he   2 . 9 : 1   c o m p o s i -  

t i o n   a p p e a r e d   s l i g h t l y   more   e f f e c t i v e   in  t he   1 - 1 - 3  

c y c l e .   The  2 :1   c o m p o s i t i o n   p e f o r m e d   in  a  s i m i l a r  

m a n n e r   in  b o t h   t e s t   c y c l e s .   In  a l l   c a s e s ,   t h e  

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

9 2 . 6 % - 9 5 . 5 %   i n h i b i t i o n   r a n g e   and  b o t h   t e s t   m e t h o d s  

w o u l d   seem  to  g i v e   s i m i l a r   and  u s e f u l   c o r r o s i o n  

r a t e   d a t a .  

I t   i s   b e l i e v e d   an  e x p l a n a t i o n   f o r   t h e   i m -  

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

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

w h i c h   f o l l o w e d   t h e   l o s s   of  P04  ion   in  t h e   1  x  4 

c y c l e   when  t h e   t e s t   w a t e r s   were   r e n e w e d   e a c h   d a y .  

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

a  M i l l i p o r e   f i l t e r   ( 0 . 2   µ)  d a i l y ,   b o t h   b e f o r e   t h e  

s t e e l   p a n e l s   w e r e   e x p o s e d   to  t h e   new  s o l u t i o n   a n d  

a f t e r   t h e   p a n e l s   had   b e e n   e x p o s e d   f o r   24  h o u r s .  

P r e v i o u s   t e s t s   had  shown  t h a t   s u b s t a n t i a l l y   a l l   o f  

t he   p h o s p h a t e   c o m p o n e n t   was  s o l u b l e   a t   pH  6 .5   so  t h a t  



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

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

c o r r o s i o n   c o n t r o l .  

In  T a b l e   3,  t h e   p e r c e n t   l o s s e s   in  p h o s -  

p h a t e   (P04)  a t   t h e   end  of  e a c h   24  h o u r   p e r i o d   a r e  

shown  f o r   t h e   s e v e r a l   i n h i b i t o r s .  

No te   t h a t   t h e   h i g h e s t   a m o u n t   of  p h o s p h a t e  

(and  p r o b a b l y   Zn+2)  w e r e   u s e d   in  f i l m   f o r m a t i o n  

(33%-57%)  d u r i n g   t h e   f i r s t   24  h o u r   p e r i o d .   In  t h e  

s e c o n d   day  of   t e s t i n g ,   17%-25%  of  t h e   a v a i l a b l e  

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

10%-15%  o r t h o p h o s p h a t e   was  l o s t   in   t h e   t h i r d   a n d  

f o u r t h   d a y s .   In  a l l   c a s e s ,   t h e   a m o u n t   of  o r t h o -  

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

seems  to   be  g r e a t l y   r e d u c e d   a f t e r   two  d a y s   of  i m -  

m e r s i o n   in   f r e s h   i n h i b i t o r   s o l u t i o n s .   T h u s ,   t h e  

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

w o u l d   n o t   a p p e a r   to   be  p a r t i c u l a r l y   a d v a n t a g e o u s .  

The  h i g h e r   d a i l y   p e r c e n t a g e   of  P04  u t i l i z e d  

( 0 . 9 : 1 > 2 : 1 >   2 . 9 : 1 )   a p p e a r s   to  be  r e l a t e d   to  t h e  

l o w e r   i n i t i a l   P04  c o n t e n t   of  t h e   i n h i b i t o r   c o m p o s i t i o n s  

0 . 9 : 1  < 2 : 1   < 2 . 9 : 1 .  

The  i n f l u e n c e   of   s o l u t i o n   pH  on  t h e   e f f e c -  

t i v e n e s s   of   t h e   s e v e r a l   Z n / o r t h o p h o s p h a t e   i n h i b i t o r s  

i s   shown  in   T a b l e   4.  T h e s e   d a t a   w e r e   o b t a i n e d   in  t h e  

1  x  4  c y c l e   t e s t   u s i n g   lX  P i t t s b u r g h   w a t e r   a t   3 0 ° C . ,  



pH  6 . 5 ,   and  6  m g . / l   of  a c t i v e   Z n / o r t h o p h o s p h a t e  

s o l i d s .  

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

pH  l e v e l s   i n d i c a t e   t h a t   t h e   0 . 9 : 1   c o m p o s i t i o n  

i s   a  c o n s i d e r a b l y   l e s s   e f f e c t i v e   c o r r o s i o n   i n h i b i t o r  

f o r   s t e e l   in   t h e   pH  7 .5   r a n g e   as  c o m p a r e d   to   t h e   pH 

6 .5   r a n g e .   On  t h e   o t h e r   h a n d ,   t h e   2 . 9 : 1   and  2 : 1  

c o m p o s i t i o n s   a p p e a r   e f f e c t i v e   o v e r   t h e   pH  6 . 5 - 7 . 5  

r a n g e .  
In  p r e l i m i n a r y   s c r e e n i n g   t e s t s ,   i t   w a s  

n o t e d   t h a t   t h e   0 . 9 : 1   s o l u t i o n s   e x h i b i t e d   t u r b i d i t y  

a s   t h e   s o l u t i o n   pH  v a l u e s   a p p r o a c h e d   t h e   pH  7 . 5  

r a n g e .   A p p a r e n t l y ,   some  of  t h e   z i n c   a n d / o r   o r t h o -  

p h o s p h a t e   p r e s e n t   in  0 . 9 : 1   i s   p r e c i p i t a t e d   f r o m  

s o l u t i o n   and  t h i s   l o w e r   c o n c e n t r a t i o n   of  a c t i v e ,  

a v a i l a b l e   i n h i b i t o r   was  r e l a t e d   to  t h e   p o o r   c o r -  

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

pH  7 . 5 .  

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

e n t s   of   t h e   0 . 9 : 1   c o m p o s i t i o n   a t   pH  7 . 5 ,   a  s e r i e s  

of  a n a l y t i c a l   t e s t s   were   c o n d u c t e d .   S o l u t i o n s  

c o n t a i n i n g   6  m g . / 1   0 . 9 : 1   ( a c t i v e s )   we re   a d j u s t e d  

to  pH  6 .5   and  7 .5   and  f i l t e r e d   i m m e d i a t e l y   t h r o u g h  

a  0 . 2  µ   M i l l i p o r e   f i l t e r .   T h e s e   s o l u t i o n s   we re   t h e n  

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

b l u e - a m i n o   r e d u c t i o n   m e t h o d .   S i m i l a r   a n a l y t i c a l   d a t a  

w e r e   c o l l e c t e d   f o r   2 . 9 : 1 .  



Many  of   t h e   homes  and  a p a r t m e n t   h o u s e s  

have  w a t e r   d i s t r i b u t i o n   l i n e s   of   l e a d   or  l e a d   a l l o y s .  

S i n c e   l e a d   i s   a  t o x i c   m e t a l ,   c o r r o s i o n   i n h i b i t o r s  

t h a t   w o u l d   i n h i b i t   a t t a c k   of  t h i s   m e t a l   by  s o f t ,   a c i d /  

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

a b i l i t y   of   t h e   z i n c / o r t h o p h o s p h a t e   c o r r o s i o n   i n h i -  

b i t o r s   to   r e t a r d   t h e   a t t a c k   on  l e a d ,   we  c a r r i e d   o u t  

c o n t i n u o u s   i m m e r s i o n   t e s t s .  

The  8  l i t e r   s y s t e m   ( P i t t s b u r g h   1X  w a t e r )  

was  c o n t i n u a l l y   a e r a t e d   and  a g i t a t e d   a t   3 0 ° C .  

( 8 6 ° F . )   and  pH  6 . 5 .   The  l e a d   p a n e l s   we re   1  1 /2   x  3 "  

and  w e r e   c l e a n e d   in  5%  g l a c i a l   a c e t i c   (15  min .   a t  

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

t e s t i n g .  

The  p i c k - u p   of   l e a d   i o n   in   t h e   t e s t   w a t e r  

was  f o l l o w e d   by  a t o m i c   a b s o r p t i o n   a n a l y s i s   w i t h  

t e s t   d a t a   c o l l e c t e d   a t   10  m g . / l   a c t i v e   c o n c e n t r a t i o n s  

of  t h e   i n h i b i t o r .   A f t e r   f i v e   d a y s   of  c o n t a c t   w i t h  

t he   t e s t   w a t e r ,   b o t h   t h e   2 . 9 : 1   and  t h e   0 . 9 : 1  

c o m p o s i t i o n s   s h o w e d   g r e a t e r   t h a n   98%  i n h i b i t i o n   o f  

l e a d   a t t a c k   ( l e s s   t h a n   0 .1  m g . / l   Pb  v s .   4 .0   m g . / l   P b  

f o r   u n t r e a t e d ) .   T h u s ,   t h e   i n c r e a s e d   i n h i b i t i o n   o f  

s t e e l   c o r r o s i o n   d o e s   n o t   a p p e a r   to  be  a t   t h e   e x p e n s e  

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



1.  A  m e t h o d   f o r   i n h i b i t i n g   t h e   c o r r o s i o n  

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

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

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

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

u p s t r e a m   of   t h e   m e t a l   s u r f a c e s   to  be  p r o t e c t e d   w h e r e  

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

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

of   i n j e c t i o n   t h e   r a t i o   of  o r t h o p h o s p h a t e   to  z i n c   i o n  

by  w e i g h t   i s   f rom  a b o u t   2 :1   to  3 : 1 .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e  

s a i d   z i n c   i o n s   a r e   d e r i v e d   f rom  a  z i n c   s a l t   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  z i n c   c h l o r i d e ,   z i n c  

c a r b o n a t e ,   z i n c   p h o s p h a t e ,   z i n c   o x i d e   or   z i n c  

s u l f a t e .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e  

s a i d   o r t h o p h o s p h a t e   i o n s   a r e   d e r i v e d   f r o m   an  o r t h o -  

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

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

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

t r i s o d i u m   o r t h o p h o s p h a t e   or  o t h e r   s o l u b l e   o r t h o -  

p h o s p h a t e   s a l t .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e   a t  

t h e   p o i n t   of   i n j e c t i o n ,   t h e   r a t e   of  i n j e c t i o n   i s  

c o n t r o l l e d   so  t h a t   in  t h e   w a t e r   d o w n s t r e a m   of   t h e  

i n j e c t i o n   s i t e ,   t h e   c o n c e n t r a t i o n   of  z i n c   i o n   i s   .2  t o  

10  ppm  by  w e i g h t   of  t h e   c o r r o s i o n   i n h i b i t o r   t r e a t e d  

w a t e r .  

5.  A  m e t h o d   a c c o r d i n g   to  c l a i m   4  w h e r e   t h e  

c o n c e n t r a t i o n   i s   0 .5   to  2  ppm  Z n + 2 .  



6.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e  

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

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

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

f rom  a b o u t   40%  to  60%  by  w e i g h t .  

7.  A  c o r r o s i o n   i n h i b i t o r   c o m p o s i t i o n  

c o m p r i s i n g   in  c o m b i n a t i o n   a  s o u r c e   of   z i n c   i o n s  

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

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

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

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

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

s o d i u m   a c i d   o r t h o p h o s p h a t e ,   d i s o d i u m   a c i d   o r t h o -  

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

and  z i n c   o r t h o p h o s p h a t e   w h e r e i n   s a i d   r a t i o   of   o r t h o -  

p h o s p h a t e   to  z i n c   i s   f r o m   2 :1   to   3 :1   by  w e i g h t .  

8.  A  c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   7 

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

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

40%  to  60%  by  w e i g h t   w a t e r ,   and  t h e   z i n c   i o n   i s   a p p l i e d  

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

o r t h o p h o s p h o r i c   a c i d .  
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