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{§*)  Corrosion  inhibiting  admixture  of  an  orthophosphate  compound  and  a  polyether,  together  with  a  process  of  inhibiting 
corrosion. 
The  instant  invention  is  directed  to  a  corrosion  inhibiting 

admixture  comprising:  (A)  10  to  90%,  by  weight,  of  a 
water-soluble  orthophosphate  compound,  and  (B)  10-90%, 
by  weight,  of  a  polyether. 

The  instant  invention  is  also  directed  to  the  use  of  the 
admixture  in  inhibiting  corrosion  of  steel. 



BACKGROUND  OF  THE  INVENTION 

A  v a r i e t y   of  c o m p o s i t i o n s   have   been   e m p l o y e d  
in  t h e   a r t   fo r   the   p u r p o s e   of  i n h i b i t i n g   c o r r o s i o n   o f  

m e t a l   s u r f a c e s   in  w a t e r - c a r r y i n g   s y s t e m s .   The  m o s t  

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

p h o s p h o n a t e s   and  z i n c .  

DESCRIPTION  OF  THE  INVENTION 

The  i n s t a n t   i n v e n t i o n   is  d i r e c t e d   to  a  

c o r r o s i o n   i n h i b i t i n g   a d m i x t u r e ,   c o m p r i s i n g :   (A) 

1 0 - 9 0 % ,   by  w e i g h t ,   of  a  w a t e r - s o l u b l e   o r t h o p h o s p h a t e  

c o m p o u n d ,   and  (B)  10  to  90%,  by  w e i g h t ,   of  a 

p o l y e t h e r .  



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

me thod   of  i n h i b i t i n g   c o r r o s i o n   of  s t e e l   in  an  a q u e o u s  

s y s t e m ,   c o m p r i s i n g   the   s t e p   of  t r e a t i n g   t he   s y s t e m  

w i t h   a t   l e a s t   0 .1   ppm  of  an  a d m i x t u r e   c o m p r i s i n g :   (A) 

10  to  90%,  by  w e i g h t ,   of  a  w a t e r - s o l u b l e  

o r t h o p h o s p h a t e   compound   and  (B)  10  to  90%,  by  w e i g h t ,  

of  a  p o l y e t h e r .  

The  w a t e r - s o l u b l e   o r t h o p h o s p h a t e   c o m p o u n d s  

which   a r e   o p e r a b l e   fo r   the   p r e s e n t   p u r p o s e s   g e n e r a l l y  

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

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

and  ammonium  o r t h o p h o s p h a t e s .   The  f o l l o w i n g   s p e c i f i c  

c o m p o u n d s   may  be  m e n t i o n e d   as  e x e m p l a r y :   H3PO4 

p h o s p h o r i c   a c i d ,   LiH2P04  l i t h i u m   d i a c i d  

p h o s p h a t e ,   Na3PO4  t r i s o d i u m   o r t h o p h o s p h a t e ,  

Na2HPO4  d i s o d i u m   o r t h o p h o s p h a t e ,   NaH2PO4 
m o n o s o d i u m   o r t h o p h o s p h a t e ,   N a H 5 ( P O 4 ) 2  
h e m i s o d i u m   o r t h o p h o s p h a t e ,   K3PO4  t r i p o t a s s i u m  

o r t h o p h o s p h a t e ,   K 2 H P 0 4  d i p o t a s s i u m  

o r t h o p h o s p h a t e ,   KH2PO4  m o n o p o t a s s i u m  

o r t h o p h o s p h a t e ,   (NH4)3PO4  t r i a m m o n i u m  

o r t h o p h o s p h a t e ,   ( N H 4 ) 2 H P 0 4  d i a m m o n i u m   o r t h o  

p h o s p h a t e ,   and  (NH4)H2PO4  m o n o a m m o n i u m  

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

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

s e t   f o r t h   a b o v e   may  be  m e n t i o n e d   t he   o r g a n i c  

p h o s p h a t e s   w h i c h   a r e   s e t   f o r t h   in  U.S .   P a t e n t  

3 , 5 1 0 , 4 3 6 ,   w h i c h   is  h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .  

T h e s e   c o m p o u n d s   a r e   e x c e l l e n t   s o u r c e s   o f  

o r t h o p h o s p h a t e .   The  a d m i x t u r e   s h o u l d   c o n t a i n   10  t o  

90%,  p r e f e r a b l y   40  to  60%,  by  w e i g h t ,   of  a  

w a t e r - s o l u b l e   o r t h o p h o s p h a t e   c o m p o u n d   and  10  to  90%,  

p r e f e r a b l y   40  to  60%,  by  w e i g h t ,   of  a  p o l y e t h e r .  



Any  p o l y e t h e r   may  be  u s e d .   E x a m p l e s   i n c l u d e  

p o l y a l k y l e n e   o x i d e   c o m p o u n d s ,   p o l y a l k y l e n e   g l y c o l ,  

p o l y a l k y l e n e   g l y c o l   a c r y l a t e ,   p o l y a l k y l e n e   g l y c o l  

m e t h a c r y l a t e ,   and  mono-  and  d i - p o l y a l k y l e n e   g l y c o l  

m a l e a t e ,   f u m a t e   and  i t a c o m a t e .   A l s o   m i x t u r e s   o f  

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

p o l y a l k y l e n e   o x i d e s ,   such   as  p r o p y l e n e   or  b u t y l e n e  

o x i d e   may  be  u s e d .   The  p o l y e t h e r   c h a i n   may  b e  

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

p h o s p h o n a t e   g r o u p ,   or  u n c a p p e d .  

The  p o l y e t h e r   p r e f e r a b l y   s h o u l d   have  a  

w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   of  1 , 0 0 0   to  5 0 , 0 0 0   a s  

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

m e t h a c r y l i c   a c i d .  

Z inc   may  a l s o   o p t i o n a l l y   be  a d d e d   to  t h e  

a d m i x t u r e .   The  r a t i o   of  z i n c   to  the   a b o v e - d e s c r i b e d  

a d m i x t u r e   s h o u l d   be  1 0 : 1   to  1 0 : 1 .  

The  a d m i x t u r e s   a r e   used   in  a  minimum  d o s a g e  

of  0 .1   ppm  in  i n h i b i t i n g   c o r r o s i o n ,   p r e f e r a b l y   in  a  

d o s a g e   of  1  to  500  ppm,  and  most   p r e f e r a b l y   1  to  2 0 0  

p p m .  

EXAMPLES 

The  c o r r o s i o n   r a t e   ( m i l s   per   y e a r )   w a s  

d e t e r m i n e d   fo r   t he   c o r r o s i o n   i n h i b i t o r s   l i s t e d   i n  

T a b l e   1  by  t he   f o l l o w i n g   m e t h o d :  

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

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

e l e c t r o d e ) ;   r e f e r e n c e   e l e c t r o d e   ( S . C . E . ) ,   c o u n t e r -  

e l e c t r o d e   ( g r a p h i t e   r o d s )   and  a e r a t o r .   T e s t   c o u p o n s  

were   p r e s a n d e d   to  120  g r i t   and  r i n s e d   w i t h   a c e t o n e  



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

a d d i t i o n   of  i n h i b i t o r   to  t e s t   s o l u t i o n s ,   pH  w a s  

a d j u s t e d   to  t h a t   of  t he   p a r t i c u l a r   medium  u n d e r  

o b s e r v a t i o n .   T h e r e   was  no  p r e t r e a t m e n t   of  c o u p o n s   a t  

e l e v a t e d   d o s a g e s   of  i n h i b i t o r   in  any  of  t h e s e   t e s t s .  

F o l l o w i n g   t w e n t y - f o u r   h o u r s   a e r a t i o n   at   50°C,   t h e  

c e l l   was  a n a l y z e d   e l e c t r o c h e m i c a l l y   v i a   p o t e n t i o -  

d y n a m i c   c o n t r o l .   C o r r o s i o n   d a t a   a r e   o b t a i n e d   f r o m  

c o m p o s i t e   i n f o r m a t i o n   f rom  two  t y p e s   of  t e s t s :  

p o l a r i z a t i o n   r e s i s t a n c e   and  T a f e l   p l o t .   In  t h e  

p o l a r i z a t i o n   r e s i s t a n c e   p r o c e d u r e ,   the   p o t e n t i a l   i s  

s c a n n e d   f rom  -20  to  +20  mv  of  E c o r r   ( t h e  

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

d e n s i t y   e q u a l s   c a t h o d i c   c u r r e n t   d e n s i t y ,   i . e .   no  n e t  

c u r r e n t   f l o w   e x i s t s ) .   The  r e s u l t   is   a  c u r r e n t  

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

R  ,   or  p o l a r i z a t i o n   r e s i s t a n c e .   A  T a f e l   p l o t   i s  

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

( E c o r r   - 2 0 0   mv)  to  ( E c o r r   +200  mv) .   The  r e s u l t  

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

b o t h   a n o d i c   and  c a t h o d i c   l i n e a r   p o r t i o n s .   The  T a f e l  

c o n s t a n t s ,   b a n d   ba and bc,  a r e   t h e   s l o p e s   of  t h e  

r e s p e c t i v e   l i n e a r   p o r t i o n s .   The  t h r e e   e x p e r i m e n t a l  

p a r a m e t e r s   (Rp,  ba ,   bc)  a r e   t h e n   s u b s t i t u t e d  

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



C o r r o s i o n   c u r r e n t   i s   t h e n   c o n v e r t e d   to  a  c o r r o s i o n  
r a t e   by  t he   f o r m u l a :  



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

c o m p r i s i n g :   (A)  10  to  90%,  by  w e i g h t ,   of  a  

w a t e r - s o l u b l e   o r t h o p h o s p h a t e   c o m p o u n d ,   and  (B) 

1 0 - 9 0 % ,   by  w e i g h t ,   of  a  p o l y e t h e r .  

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

C l a i m   1,  w h e r e i n   40  to  60%,  by  w e i g h t ,   of  s a i d  

w a t e r - s o l u b l e   o r t h o p h o s p h a t e   c o m p o u n d ,   and  40  to  60%,  

by  w e i g h t ,   of  s a i d   p o l y e t h e r   a r e   u s e d .  

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

C l a i m   1,  w h e r e i n   s a i d   p o l y e t h e r   is  a  c o p o l y m e r   w i t h  

a c r y l i c   a c i d   a n d / o r   m e t h a c r y l i c   a c i d .  

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

s t e e l   in  an  a q u e o u s   s y s t e m ,   c o m p r i s i n g   the   s t e p   o f  

t r e a t i n g   t he   s y s t e m   w i t h   a t   l e a s t   0 .1   ppm  of  a n  

a d m i x t u r e   c o m p r i s i n g :   (A)  10  to  90%,  by  w e i g h t ,   of  a  

w a t e r - s o l u b l e   o r t h o p h o s p h a t e   c o m p o u n d ,   and  (B)  10  t o  

90%,  by  w e i g h t ,   of  a  p o l y e t h e r .  

5.  The  m e t h o d   of  C l a i m   4,  w h e r e i n   40  t o  

60%,  by  w e i g h t ,   have   s a i d   o r t h o p h o s p h a t e   c o m p o u n d ,  

and  40  to  60%,  by  w e i g h t   of  s a i d   p o l y e t h e r   a r e   u s e d .  

6.  The  m e t h o d   of  C l a i m   4,  w h e r e i n   0 . 1   t o  

200  ppm  of  s a i d   a d m i x t u r e   i s   u s e d .  

7.  The  m e t h o d   of  C l a i m   4,  w h e r e i n   s a i d  

p o l y e t h e r   is   a  c o p o l y m e r   w i t h   a c r y l i c   a c i d   a n d / o r  

m e t h a c r y l i c   a c i d .  


	bibliography
	description
	claims

