
(19) 

Europaisches  Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets  

©  Publication  number: 0 J ) 9 7 _ 4 8 7  
A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83303464.8  ©  Int.  CI.3:  C  23  C  1 /08  

©  Date  of  filing:  15.06.83 

©  Priority:  17.06.82  US  389305  ©  Applicant:  USS  ENGINEERS  AND  CONSULTANTS,  INC. 
600  Grant  Street 
Pittsburgh  Pennsylvania  15230(US) 

©  Date  of  publication  of  application: 
04.01.84  Bulletin  84/1  ©  Inventor:  Leonard,  Ralph  William 

104  Teton  Drive 
©  Designated  Contracting  States:  Pittsburgh  Pennsylvania  15235(US) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
@  Inventor:  Swan,  Joseph  Donald 

1100  Penn  Center  Boulevard 
Pittsburgh  Pennsylvania  15235(US) 

©  Representative:  Spencer,  Graham  Easdale  et  al, 
A.A.  Thornton  &  CO  Northumberland  House  303-306, 
High  Holborn 
London  WC1V7LE1GB) 

(54)  Method  of  producing  corrosion-resistant  coatings  on  ferrous-base  articles. 
  Hot-dip  aluminum-zinc  coatings  having  an  aluminum 
content in  excess  of  about  25%  aluminum  exhibit  a  tendency 
for  corrosion  flaking,  that  is,  selective  corrosion  along  the 
interface  between  the  aluminum-zinc  overlay  and  the  under- 
lying  intermetallic  layer.  The  tendency  to  such  corrosion 
flaking  increases  with  the  aluminum  content  of  the  coating. 
Methods  for  minimizing  this tendency  by  accelerated  cooling 
of the  molten  coating  as  it  emerges  from  the  coating  bath  are 
ineffective  for  coatings  containing  greater  than  72%  alumi- 
num.  It  has  been  found  that  the  addition  of  0.04  to  0.32% 
magnesium  in  hot-dip  aluminum-zinc  coating  baths  will 
substantially  enhance  the  resistance  of  the  coating  to 
corrosion  flaking. 



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

p r o d u c t i o n   of  c o r r o s i o n - r e s i s t a n t   c o a t i n g s   o n  

f e r r o u s - b a s e   a r t i c l e s .  

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

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

a l u m i n u m   and  z i n c   a r e   known  to  e x h i b i t   an  o p t i m u m  

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

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

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

m e c h a n i c a l   d a m a g e   t h a n   do  h o t - d i p   a l u m i n u m   c o a t i n g s .  

T h u s ,   a  c o a t i n g   b a t h   c o n t a i n i n g   f rom  25%  to  70% 

a l u m i n u m ,   b a l a n c e   z i n c   a n d   s i l i c o n   i s   shown  in  U n i t e d  

S t a t e s   P a t e n t   S p e c i f i c a t i o n   No.  3 , 3 4 3 , 9 3 0 ,   and  a  

c o a t i n g   b a t h   c o n t a i n i n g   from  12  to   24%  z i n c ,   o p t i o n a l  

a m o u n t s   of  s i l i c o n   and  b a l a n c e   a l u m i n u m ,   i s   shown  i n  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   No.  8 2 3 0 6 4 0 7 . 6 .  

I t   h a s   b e e n   shown,   h o w e v e r ,   in  U n i t e d   S t a t e s  

P a t e n t   S p e c i f i c a t i o n   No.  3 , 7 8 2 , 9 0 9 ,   u n d e r   c e r t a i n  



a c c e l e r a t e d   c o r r o s i o n   t e s t s   ( i n   e n v i r o n m e n t s   c o n t a i n i n g  

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

25%  to   70%  a l u m i n u m   e x h i b i t   a  t e n d e n c y   t o w a r d s  

" c o r r o s i o n   f l a k i n g "   in   w h i c h   t h e   a l u m i n u m - z i n c   c o a t i n g  

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

l a y e r   and  t h e   a l u m i n u m - z i n c   o v e r l a y ,   e v e n   in   t h e  

a b s e n c e   of   any  m e c h a n i c a l   s t r a i n   s u c h   as  b e n d i n g .   T h e  

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

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

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

a c i d i f i e d   s a l t   s p r a y   a t   a  pH  of   3  and  a  t e m p e r a t u r e   o f  

9 5 ° F   (35°C)   f o r   45  m i n u t e s ,   f o l l o w e d   by  two  h o u r s  

of   d r y i n g   w i t h   c o m p r e s e d   a i r   and  t h e n   3  1 /4   h o u r s  

h o l d i n g   in   t h e   s a l t  s p r a y .   The  e x p o s u r e - d r y i n g   c y c l e  

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

i t   s u r v i v e s   100  c y c l e s   of   t h e   t e s t   p r o c e d u r e   w i t h o u t  

e x h i b i t i n g   c o r r o s i o n   f l a k i n g .   The  i n i t i a l   l e a c h i n g  

w i t h   n i t r i c   a c i d   i s   d e e m e d   so  s e v e r e ,   t h a t   t h e  

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

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

l e s s   s e v e r e   t e s t ,   s u c h   as  ASTM  B 1 1 7 - 7 3 ,   t h e  

c o r r e l a t a b i l i t y   of  w h i c h   i s   g e n e r a l l y   more  r e l i a b l e  

( a l t h o u g h   n o t   p r o v e n   w i t h   r e s p e c t   t o   c o r r o s i o n  

f l a k i n g ) ,   c o a t i n g s   c o n t a i n i n g   a b o u t   an  e q u a l   a m o u n t   o f  

z i n c   and  a l u m i n u m   do  n o t   e x h i b i t   c o r r o s i o n   f l a k i n g   e v e n  



when  s l o w l y   c o o l e d   and  t h u s   no t   s t a b i l i z e d .   H o w e v e r ,  

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

c o n c e n t r a t i o n   of  t h e   c o a t i n g   i n c r e a s e s .   Thus ,   c o a t i n g s  

c o n t a i n i n g   more  t h a n   a b o u t   72%  a l u m i n u m   w i l l   e x h i b i t  

f l a k i n g ,   in   t h e   l e s s   d r a s t i c   ASTM  t e s t ,   i r r e s p e c t i v e   o f  

w h e t h e r   t h e y   had   b e e n   s t a b i l i z e d   by  t he   r a p i d   c o o l i n g .  

I t   was  f o u n d   t h a t   t h e   r e s i s t a n c e   to   f l a k i n g ,   a s  

e v a l u a t e d   by  ASTM  B 1 1 7 - 7 3 ,   can   s i g n i f i c a n t l y   b e  

i n c r e a s e d   by  t he   a d d i t i o n   of  s m a l l   a m o u n t s   of  m a g n e s i u m  

to  t he   m o l t e n   a l u m i n u m - z i n c   a l l o y   b a t h .  

A c c o r d i n g ,   t h e r e f o r e ,   to   t he   p r e s e n t  

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

c o r r o s i o n - r e s i s t a n t   c o a t i n g s   m e t a l l u r g i c a l l y   b o n d e d   t o  

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

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

e s s e n t i a l l y   o f ,   by  w e i g h t ,   72%  to   95%  Al ,   up  to   3 . 5 %  

Fe,  up  to   4%  S i ,   b a l a n c e   Zn  f o r   a  p e r i o d   a t   l e a s t  

s u f f i c i e n t   to   form  an  a l u m i n u m - z i n c   c o a t i n g   t h e r e o n  

w i t h   an  i n t e r f a c i a l   a l l o y   l a y e r   p o r t i o n   h a v i n g   a  

t h i c k n e s s   g r e a t e r   t h a n   0 .01   m i l s ,   s a i d   l a y e r   r e s u l t i n g  

from  the   r e a c t i o n   of  t h e   f e r r o u s   s u r f a c e   w i t h   t h e   b a t h ,  

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

the   m o l t e n   c o a t i n g   a d h e r i n g   t h e r e t o ,   w h e r e i n   r e s i s t a n c e  

to   c o r r o s i o n   f l a k i n g   of  t he   r e s u l t i n g   c o a t i n g   i s  

e n h a n c e d   by  a d d i n g   0 . 0 4   to   0.32%  Mg  to   s a i d   m o l t e n   b a t h .  



The  i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d ,   by  way  o f  

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

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

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

w i t h i n   t h e   r a n g e   72  to   95%  a l u m i n u m   (1%  Si  and  b a l a n c e  

z i n c ) .  

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

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

d e s c r i b e d   in   U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   N o .  

3 , 3 9 3 , 0 8 9 .   The  s t e e l   s h e e t   was  c l e a n e d   in   an  a q u e o u s  

s i l i c a t e   s o l u t i o n ,   a n n e a l e d   i n - l i n e   u n d e r   r e d u c i n g  

c o n d i t i o n s   by  h e a t i n g   to   a  t e m p e r a t u r e   of   1 4 7 5 ° F  

( 7 9 0 ° C )   and   c o o l e d   to   a  t e m p e r a t u r e   s l i g h t l y   a b o v e  

b a t h   t e m p e r a t u r e   p r i o r   t o   e n t r y   i n t o   t h e   c o a t i n g   b a t h .  

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

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

j u s t   a b o v e   t h e   b a t h   s u r f a c e .   A  b a f f l e   was  l o c a t e d  

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

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

w e r e   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  75  to   1 0 0 ° F   ( 4 0  

to   55°C)   a b o v e   t h e   l i q u i d u s   t e m p e r a t u r e   f o r   e a c h   b a t h  

c o n c e n t r a t i o n .   A i r - k n i v e s   we re   u s e d   t o   c o n t r o l   t h e  

t h i c k n e s s   of   t h e   c o a t i n g   on  t h e   s t r i p .   For   e a c h   b a t h  

c o n c e n t r a t i o n ,   d u p l i c a t e   r u n s   w e r e   e m p l o y e d :   ( i )   i n  

w h i c h   t h e   a v e r a g e   c o o l i n g   r a t e   o v e r   t h e   r a n g e   o f  



s o l i d i f i c a t i o n   was  m a i n t a i n e d   at   2 5 ° F / s e c .  

( 1 4 ° C / s e c . ) ,   and  ( i i )   in  w h i c h   s a i d   a v e r a g e   c o o l i n g  

r a t e   was  1 5 ° F / s e c .   ( 8 ° C / s e c . )   t h a t   i s ,   b e l o w   t h e  

c r i t i c a l   r a t e   of  2 0 o F / s e c .   ( 1 1 ° C / s e c . )   d i s c l o s e d   i n  

U.  S.  P a t e n t   No.  3 , 3 4 3 , 9 3 0 .  

For   c o a t i n g s   c o n t a i n i n g   more   t h a n   72% 

a l u m i n u m ,   l e s s   t h a n   4%  S i ,   l e s s   t h a n   3.5%  Fe,   b a l a n c e  

Zn,  no  d i f f e r e n c e s   in  c o r r o s i o n   f l a k i n g   t e n d e n c y   w e r e  

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

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

B 1 1 7 - 7 3   t e s t   p r o c e d u r e   a r e   r e p o r t e d   g r a p h i c a l l y   in   t h e  

F i g u r e .   I t   may  be  s een   t h e r e f r o m ,   w i t h   m a g n e s i u m  

c o n c e n t r a t i o n s   of  from  0 . 0 4   to   0.32%  Mg  ( a l l  

p e r c e n t a g e s   by  w e i g h t ) ,   t h a t   t h e   f l a k i n g   t e n d e n c y   o f  

s u c h   h o t - d i p   c o a t i n g s   i s   d e c r e a s e d ,   and  t h a t   i m m u n i t y  

( i n   t h e   s a l t   s p r a y   e n v i r o n m e n t   of  ASTM  t e s t )   i s  

e s s e n t i a l l y   a c h i e v e d   by  t h e   a d d i t i o n   of  0 . 0 7   t o   0 . 2 8 %  

Mg  to   s u c h   h i g h e r   Al  b a t h s .   In  t h i s   r e g a r d ,  i t   s h o u l d  

be  n o t e d   t h a t   t he   a d d i t i o n   of   s o m e w h a t   s i m i l a r   a m o u n t s  

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

( f o r   e x a m p l e   t he   25  to  70%  Al  b a t h s   of   U.  S.  P a t e n t   N o .  

3 , 3 4 3 , 9 3 0 )   wou ld   most   l i k e l y   be  b e n e f i c i a l   in   e n h a n c i n g  

t h e   r e s i s t a n c e   to  f l a k i n g   of   s u c h   l o w e r   Al  c o a t i n g s ,   a s  

w e l l .   H o w e v e r ,   no  t e s t s   were   c o n d u c t e d   in  t h i s   l o w e r  



Al  r a n g e ,   s i n c e   an  a l t e r n a t i v e   i s   a l r e a d y   a v a i l a b l e   t o  

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

U.  S.  P a t e n t   No.  3 , 7 8 2 , 9 0 9 .  



1.  A  m e t h o d   of  p r o d u c i n g   c o r r o s i o n - r e s i s t a n t  

c o a t i n g s   m e t a l l u r g i c a l l y   b o n d e d   to   f e r r o u s - b a s e  

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

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

of  by  w e i g h t ,   72%  t o   95%  Al,   up  to   3.5%  Fe,   up  to   4% 

S i ,   b a l a n c e   Zn  f o r   a  p e r i o d   a t   l e a s t   s u f f i c i e n t   to   f o r m  

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

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

0 . 0 1   m i l s   ( 0 . 2 5   m i c r o n ) ,   s a i d   l a y e r   r e s u l t i n g   f rom  t h e  

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

t h e   c o a t e d   s u r f a c e   f rom  s a i d   b a t h   and  c o o l i n g   t h e  

m o l t e n   c o a t i n g   a d h e r i n g   t h e r e t o ,   c h a r a c t e r i z e d   b y  

a d d i n g   f rom  0 . 0 4   to   0.32%  Mg  to  s a i d   m o l t e n   b a t h .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   f e r r o u s - b a s e   a r t i c l e   i s  

s t e e l   s h e e t   and  s a i d   s h e e t   is   d i p p e d   i n t o   t he   b a t h   f o r  

a  p e r i o d   to   fo rm  an  a l l o y   l a y e r   h a v i n g   a  t h i c k n e s s   l e s s  

t h a n   0 .5   m i l s   (13  m i c r o n s ) .  

3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   b a t h   c o n t a i n s   12  to  24%  Z n ,  

l e s s   t h a n   1%  s i l i c o n ,   and  l e s s   t h a n   2.5%  i r o n .  

4.  A  c o a t e d   p r o d u c t   p r o d u c e d   by  t h e   m e t h o d   o f  

any  p r e c e d i n g   c l a i m .  
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