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©  A  method  for  treating  aluminum  prior  to  applying  a 
chemical  conversion  coating  for  improving  its  corrosion 
resistance  especially  when  rigid  requirements  need  to  be 
met.  The  aluminum  is  alkaline  cleaned  and  deoxidized, 
preferably  with  a  non-chromated  deoxidizer.  A  sup- 
plementary  treatment  consists  of  immersing  the  deoxidized 
aluminum  in  a  potassium  or  sodium  nitrite  solution.  The 
aluminum  is  then  coated  with  a  standard  chemical  conver- 
sion  coating,  and  dried  at  a  temperature  between  110°F  and  ' 
130°F.  The  resulting  product  is  able  to  pass  salt  spray  test 
requirements  as  outlined  in  the  military  specification. 
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BACKGROUND  OF  THE  INVENTION 

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

r e s i s t a n c e   of   c h e m i c a l   c o n v e r s i o n   c o a t e d   a l u m i n u m ,   and  more   s p e -  

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

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

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

2.  D i s c u s s i o n   of  t h e   P r i o r   A r t  

C o n v e r s i o n   c o a t e d   a l u m i n u m   has   been   u s e d   by  a i r f r a m e   a n d  

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

n u m ' s   c o r r o s i o n   r e s i s t a n c e   and  p a i n t   a d h e s i o n   p r o p e r t i e s .   I n  

t he   p r i o r   a r t ,   t h e   a l u m i n u m   is   d e o x i d i z e d   u s i n g   a  c h r o m a t e d   d e -  

o x i d i z e r ,   and  t h e n   c o a t e d   in  t h e   c o n v e r s i o n   p r o c e s s   w i t h   a  c o a t -  

ing   r e s i s t a n t   to   c o r r o s i o n .   When  c o a t e d   a l u m i n u m   i s   m a n u f a c t u r e d  

f o r   use   in  m i l i t a r y   a p p l i c a t i o n s ,   a  s t r i n g e n t   c o r r o s i o n   r e s i s t a n t  

t e s t   m u s t   b e  m e t   as  o u t l i n e d   in  M i l i t a r y   S p e c i f i c a t i o n s   M I L - C - 5 5 4 1  

and  M I L - C - 8 1 7 0 6 .   T h e s e   t e s t s   r e q u i r e   s u b j e c t i n g   t h e   f i n i s h e d  

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

s u c h   as  164  to   328  h o u r s ,   r e s p e c t i v e l y .  

P r i o r   to  t he   p r e s e n t   i n v e n t i o n ,   i t   was  e x t r e m e l y   d i f f i c u l t  

to  p a s s   t he   s a l t   s p r a y   r e q u i r e m e n t   i m p o s e d   by  t h e   m i l i t a r y   f o r  

a l u m i n u m   h a r d w a r e .   S p e c i a l   c o n v e r s i o n   c o a t i n g s   we re   d e v e l o p e d ,  

and  v a r i o u s   d e o x i d i z e r s   u s e d .   In  g e n e r a l ,   t he   a l u m i n u m   w a s  

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

and  h e a t - t r e a t   o x i d e   so  t h a t   t he   f i n i s h e d   p r o d u c t   h a s   a  u n i f o r m  



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

t h e   a l u m i n u m .   One  t y p i c a l   c o a t i n g   i s   " A l o d i n e   1 2 0 0 S "   m a n u f a c -  

t u r e d   by  t h e   Amchem  P r o d u c t s ,   I n c . ,   A m b l e r ,   PA.  T h i s   c o n v e r s i o n  

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

T h i s   f i l m   has   p o t e n t i a l l y   good  r e s i s t a n c e   to  n o r m a l   c o r r o s i o n ;  

h o w e v e r ,   in  h i g h l y   c o r r o s i v e   e n v i r o n m e n t s   s u c h   as  t h a t   r e q u i r e d  

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

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

r e l i e d   upon  c h r o m a t e d   d e o x i d i z e r s   to   m e e t   t h e   s t r i n g e n t   c o r r o s i o n  

r e q u i r e m e n t   t e s t s .   N o n - c h r o m a t e d   d e o x i d i z e r s   were   t e s t e d ,   b u t  

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

b e i n g   c h e m i c a l l y   c o n v e r s i o n   c o a t e d .   D e o x i d i z e r s   c o n t a i n i n g   t h e  

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

t e s t   r e q u i r e m e n t s ,   h ave   a  p o l l u t i o n   p r o b l e m   due  to  t he   e f f l u e n t  

s t r e a m .   Heavy   m e t a l s ,   s u c h   as  c h r o m e ,   a r e   h i g h l y   t o x i c   to   t h e  

e n v i r o n m e n t ,   and  a r e   t h e r e f o r e   u n d e s i r a b l e   f o r   r e l e a s e   i n t o  

c l o s e d   or  open   b o d i e s   of   w a t e r .   P r e v i o u s   to  t he   p r e s e n t   i n -  

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

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

r e q u i r e m e n t s   w e r e   to   be  c o n s i s t e n t l y   m e t .  

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

to   be  of   p o t e n t i a l   i n t e r e s t :  



None  of  t h e s e   p a t e n t s   s i n g u l a r l y   or  in  c o m b i n a t i o n   a n t i c i p a t e  

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

P a t e n t   No.  2 , 3 5 1 , 4 6 5   i s s u e d   to   W a c h t e r   d e a l s   w i t h   t he   u s e   o f   s o d i u m  

n i t r i t e   as  an  i n h i b i t o r   to  c o r r o s i o n   i n s i d e   s t e e l   p i p e l i n e s   c a r r y -  

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

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

o i l s ;   and  n o t   s a l t   s p r a y   as  t he   p r e s e n t   i n v e n t i o n .   F e r g u s o n ,   i n  

U . S .   P a t e n t   No.  2 , 6 7 1 , 7 1 7   t e a c h e s   t h e   use   of  s o d i u m   n i t r i t e   i n  

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

U . S .   P a t e n t   No.  2 , 8 8 3 , 3 7 1   t e a c h e s   a  c h r o m a t e d   d e o x i d i z e r   w h i c h  

t h e   p r e s e n t   i n v e n t i o n   w o u l d   e l i m i n a t e   as  a  p o l l u t i o n   p r o b l e m .   A 

n o n - c h r o m a t e d   a l u m i n u m   d e o x i d i z e r   i s   d i s c l o s e d   in  U .S .   P a t e n t   N o .  

3 , 1 4 0 , 2 0 3   i s s u e d   to   G r u n w a l d ;   h o w e v e r ,   t h i s   p a t e n t   d o e s   n o t   t e a c h  

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

v e r s i o n   c o a t i n g .   U .S .   P a t e n t   No.  3 , 2 7 5 , 5 6 2 ,   i s s u e d   to  S m i t h ,  

shows   one  f o r m u l a t i o n   of  a  n o n - c h r o m a t e d   a l u m i n u m   d e - s m u t t e r ,  

and  d o e s   n o t   t e a c h   the   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 .   H a t c h ,  



in  U .S .   P a t e n t   No.  3 , 3 3 5 , 0 9 6 ,   d e a l s   w i t h   a  c o r r o s i o n   p r o t e c t i v e  

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

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

p r e s e n t   i n v e n t i o n .   As  in  t h e   p r e v i o u s l y   c i t e d   p a t e n t ,   T h o r n h i l l  

( U . S .   P a t e n t   No.  3 , 3 4 0 , 0 0 1 )   t e a c h e s   a  c o m p o s i t i o n   f o r   p r o t e c t i n g  

m e t a l   f rom  c o r r o s i o n   w h i c h   i s   c o n s t a n t l y   in  c o n t a c t   w i t h   t h e   m e t a l .  

T h i s   c o m p o s i t i o n   c o n t a i n s   s o d i u m   n i t r i t e ;   h o w e v e r ,   i t   i s   n o t   o b -  

v i o u s   from  T h o r n h i l l   t h a t   t h i s   c o m p o s i t o n   wou ld   have   good  r e s u l t s  

when  c o m b i n e d   w i t h   c h e m i c a l   c o n v e r s i o n   c o a t i n g .   S h i c k ,   in  U . S .  

P a t e n t   No.  3 , 4 3 3 , 5 7 7 ,   u s e s   a  c o m p o s i t i o n   c o n t a i n i n g   s o d i u m   n i t r i t e  

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

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

and  d o e s   n o t   a n t i c i p a t e   or  i s   a p p l i c a b l e   to  t he   p r e s e n t   i n v e n t i o n .  

U . S .   P a t e n t   No.  3 , 4 4 5 , 4 0 0   i s s u e d   to  E v e r h a r t   c o n t a i n s   a  c h r o m a t e d  

f o r m u l a t i o n   w h i c h   t he   p r e s e n t   i n v e n t i o n   s e e k s   to  a v o i d .   B l a n d   e t  

a l ,   in  U.S.   P a t e n t   No.  3 , 5 1 0 , 4 3 0   d i s c l o s e s   a  f e r r i c   s u l f a t e   n o n -  

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

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

p i t t i n g   d u r i n g   d e o x i d i z a t i o n   w h i c h   i s   d i f f e r e n t   f rom  t he   f u n c t i o n  

in  t h e   p r e s e n t   i n v e n t i o n .   U .S .   P a t e n t   No.  3 , 8 0 2 , 9 7 3   t e a c h e s   a n  

o x i d i z i n g   a g e n t   to   u n i f o r m l y   e t c h   a l u m i n u m   in  an  a l k a l i n e   s o -  

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

d i r e c t l y   r e l a t e   to   t h e   p r e s e n t   i n v e n t i o n .   H a r r i s   e t   a l ,   in  U . S .  

P u b l i s h e d   P a t e n t   A p p l i c a t i o n   2 6 5 , 3 6 9 ,   shows   a  m e t a l   e x p o s e d   c o n -  

t i n u o u s l y   to  a  r u s t   i n h i b i t o r   as  o t h e r s   in  t he   s e a r c h   h a v e   s h o w n ,  

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



SUMMARY  OF  THE  INVENTION 

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

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

s p r a y   t e s t   r e q u i r e m e n t s   i m p o s e d   by  the   m i l i t a r y .   The  m e t h o d   i n c l u d e s  

d e o x i d i z i n g   t h e   a l u m i n u m   w i t h   d e o x i d i z i n g   m e a n s ,   r i n s i n g   t h e   a l u m i n u m  

and  e x p o s i n g   t he   a l u m i n u m   to  a  s o d i u m   n i t r i t e   s o l u t i o n   w i t h   a  pH  l o w e r  

t h a n   5.  The  a l u m i n u m   i s   t h e n   r i n s e d   and  c o a t e d   w i t h   a  c h e m i c a l   c o n -  

v e r s i o n   c o a t i n g   s u c h   as  " A l o d i n e   1 2 0 0 S "   and  d r i e d   by  s u i t a b l e   d r y i n g  

m e a n s   s u c h   as  warm  a i r .   The  p r e s e n t   i n v e n t i o n   t e a c h e s   t h a t   the   s o d i u m  

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

t a i n e d   a t   a  pH  b e t w e e n   3  and  4.  F u r t h e r ,   i t   i s   p r e f e r a b l e   to  use   a  

d e o x i d i z i n g   s o l u t i o n   of  25%  to  50%  n i t r i c   a c i d .   D r y i n g   t e m p e r a t u r e s  

in  t h e   r a n g e   of  110°F   and  130°F   g i v e   the   b e s t   r e s u l t s .  

I t   i s ,   t h e r e f o r e ,   t he   o b j e c t   of   t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

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

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

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

A n o t h e r   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  m e t h o d   f o r  

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

c h r o m a t e .  

A  f u r t h e r   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   a l l o w   a l u m i n u m   t o  

be  c o n v e r s i o n   c o a t e d   w i t h o u t   t he   use   of  a  c h r o m a t e d   d e o x i d i z e r .  

T h e s e   and  o t h e r   o b j e c t s   and  a d v a n t a g e s   w i l l   become   more  a p p a r e n t  

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

t a b l e s   and  e x a m p l e s .  



D e t a i l e d  D e s c r i p t i o n   of   t h e   P r e f e r r e d   E m b o d i m e n t  

The  p r e s e n t   i n v e n t i o n   may  be  p r a c t i c e d   on  t h e   f o l l o w i n g   s e q u e n c e  

of   o p e r a t i o n :  

1)  v a p o r   d e g r e a s i n g   t he   a l u m i n u m ;  

2)  a l k a l i n e   c l e a n i n g   t he   a l u m i n u m ;  

3)  r i n s i n g   t h e   a l u m i n u m   w i t h   w a t e r ;  

4)  d e o x i d i z i n g   t h e   a l u m i n u m ,   p r e f e r a b l y   w i t h   a  n o n - c h r o m a t e d  

d e o x i d i z e r ;  

5)  r i n s i n g   t h e   d e o x i d i z e d   a l u m i n u m   w i t h   w a t e r ;  

6)  e x p o s i n g   t h e   a l u m i n u m   to  a  s o d i u m   n i t r i t e   s o l u t i o n ;  

7)  r i n s i n g   t h e   a l u m i n u m   w i t h   w a t e r ;  

8)  c h e m i c a l   c o n v e r s i o n   c o a t i n g   t h e   a l u m i n u m ;   a n d  

9)  d r y i n g   t h e   a l u m i n u m .  

V a p o r   d e g r e a s i n g   of   t he   a l u m i n u m   m e t a l   can  be  p e r f o r m e d   by  s t a n d a r d  

t e c h n i q u e s   known  to  one  s k i l l e d   in  t h e   a r t .   S i m i l a r l y ,   a l k a l i n e   c l e a n -  

i ng   and  r i n s i n g   of   t h e   a l u m i n u m   a r e   s t e p s   commonly   known  to  t h o s e  

s k i l l e d   in  t h e   aYt   and  i n s u r e   a  c l e a n   a l u m i n u m   s u r f a c e   p r i o r   to  d e -  

o x i d i z a t i o n .  

The  d e o x i d i z a t i o n   s t e p   w h i c h   i s   t h e   n e x t   s t e p   i s   p r e f e r a b l y   p r o -  

d u c e d   w i t h   a  n o n - c h r o m a t e d   d e o x i d i z e r .   A  c h r o m a t e d   d e o x i d i z e r   i s  

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

a r e   t o x i c ,   and  t h e   e f f l u e n t   s t r e a m   may  be  r e l e a s e d   to   open   b o d i e s   o f  

w a t e r .   The  i n v e n t i o n   can  be  p r a c t i c e d ,   h o w e v e r ,   u s i n g   a  c h r o m a t e d  

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

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

o x i d i z e r   t h a t   can   be  u s e d   f o r   b e n e f i c i a l   r e s u l t s ,   by  way  of   e x a m p l e ,  



a   n i t r i c   a c i d   s o l u t i o n   c o n t a i n i n g   the   f l u o r i d e   i o n .   In  t he   p r e -  

f e r r e d   e m b o d i m e n t   of   t he   i n v e n t i o n ,   t he   f l u o r i d e   ion  would   be  p r e s e n t  

in  t h e   d e o x i d i z i n g   s o l u t i o n   in  an  a d e q u a t e   and  n o r m a l l y   p r a c t i c a l  

a m o u n t   to  o b t a i n   an  e t c h   r a t e   of  the   a l u m i n u m   s u r f a c e   of  up  to  a p -  

p r o x i m a t e l y   0 .6   m i l s / s i d e / h r .   The  f l u o r i d e   ion  c o u l d   be  o b t a i n e d  

f rom  h y d r o f l u o r i c   a c i d   or  any  s u i t a b l e   s a l t   c o n t a i n i n g   the   i o n .  

N i t r i c   a c i d   can  t y p i c a l l y   be  u s e d   in  a  c o n c e n t r a t i o n   of  25%  to  50% 

HN03  to  i n h i b i t   the   r e d e p o s i t   or  c o p p e r ,   c o m m o n l y   c a l l e d   " s m u t . "  

The  f l u o r i d e   ion  i s   p r e f e r r e d   s i n c e   i t   i s   one  of  t he   b e s t   e t c h i n g  

a g e n t s   of   u n f i n i s h e d   a l u m i n u m   m e t a l ,   and  can  e t c h   u n i f o r m l y   w i t h o u t  

p i t t i n g .   To  s u p p l e m e n t   t he   e t c h i n g   a c t i o n   of   the   f l u o r i d e   i o n ,  

n i t r i c   a c i d   i s   u s e d   to  r emove   u n d i s s o l v e d   s i l i c o n   f rom  the   a l u m i n u m  

s u r f a c e   and  p r e v e n t   t he   f o r m a t i o n   of  s m u t .   O t h e r   n o n - c h r o m a t e d   d e -  

o x i d i z e r s   may  be  u s e d   in  t he   p r a c t i c e   of  t h e   i n v e n t i o n   w i t h o u t   l o s i n g  

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

t h e   i n v e n t o r .   The  a l u m i n u m   may  be  i m m e r s e d   in  t he   d e o x i d i z e r   f o r  

a p p r o x i m a t e l y   5  m i n u t e s   to  60  m i n u t e s   or  g r e a t e r ,   d e p e n d i n g   on  t h e  

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

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

m e t a l l i c   a l u m i n u m .  

A f t e r   d e o x i d i z a t i o n ,   t he   a l u m i n u m   is   t h e n   r i n s e d   w i t h   c o l d   w a t e r ,  

and  a  s u p p l e m e n t a l   t r e a t m e n t ,   d i f f e r i n g   f rom  t he   p r i o r   a r t ,   i s   p e r -  

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

s p r a y   r e q u i r e m e n t s .   In  t h i s   s t e p ,   the   d e o x i d i z e d   a l u m i n u m   is   r i n s e d  

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

in  t he   s o l u t i o n   or  s p r a y e d   w i t h   the   s o l u t i o n .   The  sod ium  n i t r i t e  



s o l u t i o n   i s   m a i n t a i n e d   a t   a  pH  l e s s   t h a n   5  and  p r e f e r a b l y   a t   pH3  o r  

b e l o w .   N i t r i c   a c i d   can   s u p p l y   t h e   n e c e s s a r y   h y d r o g e n   ion   c o n c e n t r a -  

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

t h e   pH  i s   l e s s   t h a n   5,  and  b e n e f i c i a l   r e s u l t s   can  be  o b t a i n e d   w i t h   a  

s o d i u m   n i t r i t e   s o l u t i o n   of   1%.  A f t e r   t h e   s o d i u m   n i t r i t e   t r e a t m e n t ,  

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

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

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

The  c h e m i c a l   c o n v e r s i o n   c o a t i n g   can   be  done   w i t h   any  of   t he   c o a t -  

ing   s o l u t i o n s   known  to  t h e   p r i o r   a r t .   I t   has   been   f o u n d   t h a t   A l o d i n e  

1 2 0 0 S ,   m a n u f a c t u r e d   by  Amchem  P r o d u c t s ,   I n c . ,   A m b l e r ,   PA,  w o r k s   s a t -  

i s f a c t o r i l y .  

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

to  t a k e   p l a c e   f o r   a  r e l a t i v e l y   s h o r t   t i m e   s u c h   as  up  to   f i v e   m i n u t e s .  

A f t e r   c o n v e r s i o n   c o a t i n g ,   t h e   a l u m i n u m   i s   d r i e d   by  warm  a i r .   I n  

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 e   i n v e n t i o n ,   t he   d r y i n g   t e m p e r a t u r e  

w i l l   be  in  t he   r a n g e   of   110°F   to  1 3 0 ° F   w i t h   an  o p t i m u m   a t   1 2 0 0 F .  

The  p r e s e n t   i n v e n t i o n   may  be  f u r t h e r   u n d e r s t o o d   by  r e f e r e n c e   to  t h e  

f o l l o w i n g   e x a m p l e s   and  a c c o m p a n y i n g   t a b l e s .  

E x a m p l e   1 

B a r e   a l u m i n u m   a l l o y   s p e c i m e n s   (10"  by  3")  were   u s e d   in  t h i s   a n d  

a l l   o t h e r   e x a m p l e s .   T a b l e   1  s h o w s   t h e   r e s u l t s   of  t h i s   s e r i e s   o f  

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

t h e   s a l t   s p r a y   t e s t   r e s u l t s .   A  p a r t i a l l y   d e p l e t e d   c h r o m a t e - t y p e  

d e o x i d i z e r   was  u s e d   c a l l e d   Am  Chem  6 - 1 7 ,   a  p r o d u c t   of  Amchem 

P r o d u c t s ,   I n c . ,   A m b l e r ,   PA.  As  in  a l l   e x a m p l e s ,   e ach   s p e c i m e n   w a s  



f i r s t   c l e a n e d   u s i n g   an  a l k a l i n e   c l e a n e r   c a l l e d   T u r c o   2 6 2 3 ,   a  p r o d u c t  

of   t he   T u r c o   P r o d u c t s   D i v i s i o n   of   P u r e x   C o r p o r a t i o n   L t d . ,   W i l m i n g t o n ,  

C a l i f o r n i a .   The  a l k a l i n e   c l e a n i n g   was  c o n d u c t e d   f o r   30  m i n u t e s   a t  

l 4 0 o F .   D e o x i d a t i o n   o c c u r r e d   in  Amchem  6-17   w i t h   t he   e t c h   r a t e   a d -  

j u s t e d   to  0 . 2 5   m i l s / s i d e / h r   w i t h   h y d r o g e n   f l u o r i d e .   The  n e x t   p r o -  

c e s s i n g   s t e p   f o r   t he   b o t t o m   f o u r   s p e c i m e n s   on  T a b l e   1  was  an  i m m e r -  

s i o n   in  t h e   s o d i u m   n i t r i t e   s o l u t i o n   f o r   30  m i n u t e s .   The  s o l u t i o n  

had  a  pH  of   3  and  a  c o n c e n t r a t i o n   of   3%.  The  t op   f o u r   s p e c i m e n s  

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

i m m e r s e d   in  A l o d i n e   1200S  and  d r i e d   f o r   30  m i n u t e s   a t   a  t e m p e r a t u r e  

of  1 1 0 °  -  1 3 0 ° F .   I t   s h o u l d   be  n o t e d   t h a t   a l l   s p e c i m e n s   in  a l l   e x -  

a m p l e s   we re   r i n s e d   w i t h   t ap   w a t e r   a f t e r   e a c h  p r o c e s s i n g   s t e p .  

T a b l e   1  shows   t h a t   o n l y   t h e   s p e c i m e n s   w h i c h   were   i m m e r s e d   in  t h e  

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

f o u r   s p e c i m e n s   of   T a b l e   1  had  one  or  more  c o r r o s i o n   p i t s   v i s i b l e  

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

imens   had  no  v i s i b l e   c o r r o s i o n   p i t s ,   i n d i c a t i n g   p a s s i n g   r e s u l t s .  

In  t h i s   e x a m p l e ,   as  in  a l l   o t h e r   e x a m p l e s ,   t he   t e s t s   were   c o n -  

c l u d e d   a f t e r   one  week  of  s a l t   s p r a y   i m m e r s i o n   f o r   v i s u a l   e x a m i n a t i o n  

and  o t h e r   e v a l u a t i o n   t e s t s .  

E x a m p l e   2 

B a r e   a l l o y   s p e c i m e n s   s i m i l a r   to  t h o s e   u s e d   in  E x a m p l e   1  were   u s e d  

in  E x a m p l e   2.  The  main  d i f f e r e n c e   in  t he   two  e x a m p l e s   was  t he   use  o f  

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

o x i d i z e r .   The  d e o x i d i z e r   in  t h i s   e x a m p l e   was  I s o p r e p   184,   a  p r o d u c t  

of  A l l i e d - K e l i t e   P r o d u c t s   D i v i s i o n ,   Los  A n g e l e s ,   C a l i f o r n i a .   I t   w a s  



u s e d   in  a  25%  c o n c e n t r a t i o n   w i t h   an  e t c h   r a t e   of   0 . 2 5   m i l s / s i d e / A S  

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

l u t i o n   was  2.3%  s o d i u m   n i t r i t e   w i t h   a  pH  of   3 . 0 .   T h i s   e x a m p l e   i l l u s -  

t r a t e s   t h a t   t h e   o n l y   s p e c i m e n s   w h i c h   p a s s e d   t h e   s a l t   s p r a y   t e s t   ( n o  

p i t s   v i s i b l e   to  t h e   u n a i d e d   eye)   we re   t h o s e   i m m e r s e d   in  t h e   s o d i u m  

n i t r i t e   s o l u t i o n .  

E x a m p l e   3 

E x a m p l e   3  i s   s i m i l a r   to   E x a m p l e s   1  and  2,  d i f f e r i n g   o n l y   in  t h e  

d e o x i d i z e r   u s e d .   In  E x a m p l e   3,  a  n i t r i c   a c i d  -   f l u o r i d e   ion   t y p e  

n o n - c h r o m a t e   d e o x i d i z e r   was  u s e d .   The  s p e c i m e n s   w e r e   p r o c e s s e d   i n  

t h e   same  m a n n e r   as  E x a m p l e s   1  and  2.  The  d e o x i d i z e r   c o n s i s t e d   o f  

40%  by  v o l u m e   of   c o n c e n t r a t e d   n i t r i c   a c i d   ( t e c h n i c a l   g r a d e )   w i t h   a  

s u f f i c i e n t   f l u o r i d e   i on   c o n c e n t r a t i o n   to  p r o d u c e   an  e t c h   r a t e   o f  

0 . 2 5   m i l s / s i d e / h r .   The  s o d i u m   n i t r i t e   s o l u t i o n   was  of   a  2.3%  c o n -  

c e n t r a t i o n   w i t h   a  pH  of   3 . 3   The  r e s u l t s   o u t l i n e d   in  t h e   t a b l e   s h o w  

t h a t   t h e   s p e c i m e n s   p a s s i n g   the   s a l t   s p r a y   t e s t   we re   t h o s e   w h i c h   w e r e  
t 

i m m e r s e d   in  s o d i u m   n i t r i t e .   The  s p e c i m e n s   w h i c h   we re   n o t   i m m e r s e d  

in  t he   s o d i u m   n i t r i t e   s o l u t i o n   f a i l e d   t he   t e s t .  

E x a m p l e   4 

In  E x a m p l e   4,  a  n i t r i c   a c i d  -   f l u o r i d e   i on   t y p e   n o n - c h r o m a t e d   d e -  

o x i d i z e r   was  u s e d   as  in  E x a m p l e   3.  I n s t e a d   of   i m m e r s i o n   in  a  s o d i u m  

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

s o l u t i o n   of   2.3%  c o n c e n t r a t i o n   w i t h   a  3 .0   pH  was  u s e d .   The  r e s u l t s  

show  t h a t   t h e   s p e c i m e n s   w h i c h   were   n o t   i m m e r s e d   in  t he   p o t a s s i u m  

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



t h a t   we re   i m m e r s e d   in  p o t a s s i u m   n i t r i t e ,   h o w e v e r ,   p a s s e d   t h e   s a l t  

s p r a y   t e s t .  

E x a m p l e   5 

E x a m p l e   5  u s e s   I s o p r e p   184 ,   a  f e r r o u s   i o n - t y p e   n o n - c h r o m a t e d   d e -  

o x i d i z e r   as  d id   E x a m p l e   2.  I n s t e a d   of  s o d i u m   n i t r i t e ,   p o t a s s i u m  

n i t r i t e   was  u s e d   in  t h e   n e x t   p r o c e s s i n g   s t e p .   The  s o l u t i o n   was  o f  

2.3%  c o n c e n t r a t i o n   w i t h   a  pH  of   3 . 0 .   As  s e e n   in  T a b l e   5,  t h e   o n l y  

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

E x a m p l e   6 

B a r e   a l u m i n u m   2 0 2 4 - T 3   p a n e l s   we re   p r o c e s s e d   in  a  c o n v e r s i o n   c o a t -  

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

t i o n   of   A l o d i n e   1 2 0 0 S .   I m m e r s i o n   t i m e   in  t h e   A l o d i n e   1200S  v a r i e d  

s l i g h t l y   b e t w e e n   2½  and  3  m i n u t e s .   A l l   of   t he   p a n e l s   a f t e r   d r y i n g  

w e r e   aged   f o r   3  d a y s   p r i o r   to  s a l t   s p r a y   t e s t i n g   fo r   336  h o u r s .  

D r y i n g   t e m p e r a t u r e s   w e r e   v a r i e d   f rom  a m b i e n t   t e m p e r a t u r e   to   1 6 0 ° F .  

The  r e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   6.  The  p a n e l s   d r i e d   a t   1 2 0 ° F  

s u f f e r e d   no  c o r r o s i o n   d a m a g e ,   and  no  d e t e c t a b l e   c h a n g e   was  e v i d e n t  

in  c o l o r   of  t h e   p a n e l s   or  s u r f a c e   f i n i s h .   A f t e r   t he   336  h o u r   s a l t  

s p r a y   t e s t ,   t h e   p a n e l s   we re   r e s u b j e c t e d   to  s a l t   s p r a y   u n t i l   f a i l u r e .  

T h r e e   of   t he   f o u r   p a n e l s   d r i e d   a t   1 2 0 ° F   e x c e e d e d   f i v e   w e e k s   of  s a l t  

s p r a y   when  t he   t e s t s   w e r e   s u s p e n d e d .   The  p a n e l s   d r i e d   a t   1 4 0 ° F  

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

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

1 0 0 ° F   had  m a r g i n a l   r e s i s t a n c e   to  c o r r o s i o n ,   w h i l e   t h o s e   d r i e d   a t  

7 0 ° F - 7 5 ° F   f a i l e d   t he   t e s t   in  a  r andom  p a t t e r n ,   p e r h a p s   due  t o  



i n s u f f i c i e n t   t i m e   n e c e s s a r y   f o r   c o n d i t i o n i n g   t h e   A l o d i n e   1200S   c o a t -  

i n g   a t   l o w e r   t e m p e r a t u r e s .  















The  i n v e n t i o n   may  be  e m b o d i e d   in  o t h e r   f o r m s   w i t h o u t   d e p a r t i n g  

f rom  the   s p i r i t   or   e s s e n t i a l   c h a r a c t e r i s t i c s   t h e r e o f .   The  p r e s e n t  

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

i l l u s t r a t i v e   and  n o t   r e s t r i c t i v e ,   t h e   s c o p e   of   t he   i n v e n t i o n   b e i n g  

i n d i c a t e d   by  t he   a p p e n d e d   c l a i m s   r a t h e r   t h a n   by  t he   f o r e g o i n g   d e -  

s c r i p t i o n ,   and  a l l   c h a n g e s   w h i c h   come  w i t h i n   t he   m e a n i n g   and  r a n g e  

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

t h e r e i n .  



1.  A  m e t h o d   f o r   t r e a t i n g   a l u m i n u m   to  e n h a n c e   c o r r o s i o n   r e s i s t a n c e  

of   i t s   s u r f a c e ,   w h i c h   i n c l u d e s :  

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

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

t he   n i t r i t e   i o n   and  h a v i n g   a  pH  b e l o w   5 ;  

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

s o l u t i o n ;   a n d  

d.  d r y i n g   the   a l u m i n u m   w i t h   d r y i n g   m e a n s .  

2.  The  m e t h o d   of  c l a i m   1  w h e r e i n   s a i d   d e o x i d i z i n g   means   i s   a  

n o n - c h r o m a t e d   d e o x i d i z e r .  

3.  The  m e t h o d   of   c l a i m   2  w h e r e i n   s a i d   n o n - c h r o m a t e d   d e o x i d i z e r  

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

a c i d   of  a t   l e a s t   10%  by  v o l u m e   of  a  100%  s o l u t i o n .  

4.  The  m e t h o d   of   c l a i m   2  w h e r e i n   s a i d   d e o x i d i z i n g   means   c o n -  

t a i n s   a  s u f f i c i e n t   c o n c e n t r a t i o n   of  f l u o r i d e   ion   to  e t c h   t h e  

a l u m i n u m   s u r f a c e   a t   a  r a t e   of   a t   l e a s t   .05  m i l / h r .  

5.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t he   pH  of  s a i d   n i t r i t e   s o l u t i o n  

i s   3  or  l e s s .  



6.  The  m e t h o d   of   c l a i m   1  w h e r e i n   t he   d r y i n g   i s   p e r f o r m e d   a t   a  

t e m p e r a t u r e   b e t w e e n   110°F   and  1 3 0  F .  

7.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t he   n i t r i t e   ion   in  s a i d   s o l u t i o n  

is   s u b s t a n t i a l l y   c o n t r i b u t e d   by  s o d i u m   n i t r i t e .  

8.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t he   n i t r i t e   ion  in  s a i d   s o l u t i o n  

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

9.  The  m e t h o d   of   c l a i m   1  w h e r e i n   t he   n i t r i t e   ion   in  s a i d   s o l u t i o n  

is   s u b s t a n t i a l l y   c o n t r i b u t e d   by  a  m i x t u r e   of  s o d i u m   and  p o -  

t a s s i u m   n i t r i t e .  

10.  In  a  p r o c e s s   of   t r e a t i n g   the   s u r f a c e   of   a l u m i n u m   m e t a l   to   e n -  

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

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

s u r f a c e ,   t he   i m p r o v e m e n t   of  e x p o s i n g   t he   a l u m i n u m   s u r f a c e   t o  

a  n i t r i t e   s o l u t i o n   w i t h   a  pH  b e l o w   5  a f t e r   d e o x i d i z i n g   t h e  

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

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

11.   The  i m p r o v e m e n t   c l a i m e d   in  c l a i m   10  w h i c h   f u r t h e r   i n c l u d e s  

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

a  t e m p e r a t u r e   b e t w e e n   110°F   and  1 3 0 ° F .  

12.  In  a  p r o c e s s   of  c l e a n i n g   the   s u r f a c e   of  a l u m i n u m   m e t a l ,   w h i c h  

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

p r o v e m e n t   of  e x p o s i n g   the   a l u m i n u m   s u r f a c e   to  a  n i t r i t e   s o -  

l u t i o n   w i t h   a  pH  b e l o w   5  a f t e r   d e o x i d i z i n g   t he   a l u m i n u m   w i t h  

t he   d e o x i d i z i n g   m e a n s .  

13.   The  m e t h o d   of   c l a i m   2  w h e r e i n   t he   n o n - c h r o m a t e d   d e o x i d i z e r  

is   n i t r i c   a c i d   in  a  c o n c e n t r a t i o n   of  15  to  25  p e r c e n t   b y  

v o l u m e   b a s e d   on  100  p e r c e n t   n i t r i c   a c i d .  



14.   The  m e t h o d   o f   c l a i m   2  w h e r e i n   t h e   n o n - c h r o m a t e d   d e o x i d i z e r   i s  

n i t r i c   a c i d   in  a  c o n c e n t r a t i o n   o f   30  p e r c e n t   to   50  p e r c e n t  

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