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@  Pretreatment  process  for  galvanized  metal  prior  to  its  coating  with  organic  powder. 

This  invention  relates  to  a  pretreatment  process  for 
galvanized  metal  which,  unlike  existing  processes,  was 
specifically  developed  for  galvanized  metal.  Because  of  the 
natural  corrosion  protection  properties  of  the  zinc  cladding 
of  galvanized  metal,  no  additional  passivation  is  necessary 
as  is  required  with  existing  processes.  Also,  the  invention 
relates  to  the  galvanized  metal  which  has  been  pretreated 
by  the  process  of  this  invention  prior  to  application  of  an 
organic  powder  coating.  Galvanized  metal  treated  by  this 
pretreatment  process  prior  to  coating  leads  to  a  uniform 
coating  which  is  impervious  to  acid,  base  and  salt  solutions, 
and  which  will  not  scratch  or  flake  off  on  impact. 



BACKGROUND  OF  THE  INVENTION 

As  b a c k g r o u n d   to  t he   i n v e n t i o n ,   a  g e n e r a l  

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

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

c o n v e n t i o n a l   m e t a l   p r e p a r a t o n   s y s t e m s   and  t he   s y s t e m   o f  

t h e   p r e s e n t   i n v e n t i o n .  

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

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

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

s e v e r a l   s t e p s   be  s a t i s f i e d .   F i r s t ,   t he   s u r f a c e   m u s t   b e  

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

and  any  o t h e r   f o r e i g n   m a t t e r .   S e c o n d ,   s i t e s   to  w h i c h   t h e  

p o w d e r   can   bond   mus t   be  a v a i l a b l e   on  t he   s u r f a c e .   T h e s e  

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

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

c o a t i n g   m u s t   be  a  f u n c t i o n a l   t y p e ,   w h i c h ,   u n l i k e  

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

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

in  t h i c k n e s s e s   g e n e r a l l y   l e s s   t h a n   0 . 0 1 0   i n c h e s   ( 0 . 2 5   mm) .  

T h o s e   e x p e r t   in  t h e   a r e a   of  p o w d e r   c o a t i n g s  

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

" b l a c k "   s t e e l .   E x o t i c   s u r f a c e   p r e p a r a t i o n   s y s t e m s   f o r  

m i l d   s t e e l   have   b e e n   d e v e l o p e d .   T h e s e   s y s t e m s   f i r s t   c l e a n  

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

m i c r o s c o p i c   l a y e r   of  c r y s t a l l i n e   m a t e r i a l ,   s u c h   as  z i n c  

p h o s p h a t e .   The  p u r p o s e   of  t h i s   m i c r o s c o p i c   l a y e r   is  t o  

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

b o n d i n g   s i t e s   f o r   t he   f u n c t i o n a l   p o w d e r .   G a l v a n i z e d   s t e e l  

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

s u p e r i o r   r e s i s t a n c e   to  c o r r o s i o n ,   r e s u l t i n g   f rom  t he   z i n c  



c l a d d i n g ,   b e c a u s e   e x p e r i e n c e   has   i n d i c a t e d   t h a t   t h e  

f u n c t i o n a l   p o w d e r   d o e s   n o t   bond  as  w e l l   to  t h e   z i n c  

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

I t   has   been   d e t e r m i n e d   t h a t   t h i s   i n c o r r e c t  

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

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

s y s t e m s   d e v e l o p e d   f o r   m i l d   s t e e l   and  t h e n   when  t h e  

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

i n f e r i o r ,   i t   was  c o n c l u d e d   t h a t   t h e   g a l v a n i z e d   s t e e l   w a s  

an  u n d e s i r a b l e   s u b s t r a t e .  

An  i n v e s t i g a t i o n   l e a d i n g   to  t h e   s u b j e c t   i n v e n t i o n  

c o n c l u d e d   t h a t   i t   was  p o s s i b l e   to  p r e p a r e   t he   z i n c   s u r f a c e  

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

p o w d e r   c o a t i n g   to  t he   z i n c   c l a d d i n g   is   e q u i v a l e n t   to  t h e  

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

means   t h a t   i t   is   p o s s i b l e   to  u t i l i z e   g a l v a n i z e d   s t e e l   a s  

t he   s u b s t r a t e   and  b e n e f i t   f rom  t h e   s u p e r i o r   c o r r o s i o n  

r e s i s t a n c e   of  t he   z i n c   c l a d d i n g   and  s t i l l   a c h i e v e   t h e  

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

c o a t i n g   to  t he   s u b s t r a t e .  

A  m a j o r   a d v a n t a g e   of  t h e   use   of  g a l v a n i z e d   s t e e l  

o v e r   m i l d   s t e e l   as  t he   s u b s t r a t e   is   r e a l i z e d   w h e r e   t h e  

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

f o r   e x a m p l e ,   in  s h i p p i n g ,   r i g g i n g ,   or  i n s t a l l i n g   o f  

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

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

and  the   z i n c   c l a d d i n g   of  t he   g a l v a n i z e d   s t e e l   p r o v i d e s  

s i g n i f i c a n t l y   g r e a 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   i s  

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

t y p i c a l l y   u s e d   on  m i l d   s t e e l .  

As  f u r t h e r   b a c k g r o u n a   to  t h e   i n v e n t i o n ,   t h e  

p r e s e n t l y   u s e d   e i g h t - s t a g e   or  e i g h t - s t e p   p r e t r e a t m e n t  



p r o c e s s   of  g a l v a n i z e d   m e t a l   p r i o r   to   i t s   o r g a n i c   p o w d e r  

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

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

d e s c r i b e d .   The  e i g h t - s t a g e   or  e i g h t - s t e p   p r e t r e a t m e n t  

p r o c e s s   is   as  f o l l o w s :  

S t e p   1  -   The  f i r s t   s t e p   c l e a n s   t h e   g a l v a n i z e d   m e t a l  

z i n c   s u b s t r a t e   s u r f a c e   of  any  g r e a s e   or  d i r t   t h a t   i s  

p r e s e n t .   The  g r e a s e   a n d / o r   d i r t   is  r e m o v e d   u s i n g   a n  

a l k a l i n e - t y p e   c l e a n i n g   s o l u t i o n   w i t h   i t s   pH  m a i n t a i n e d   s o  

t h a t   i t   w i l l   n o t   a t t a c k   t he   z i n c .  

S t e p   2  -   A  w a t e r   r i n s e   is   a p p l i e d   to  r e m o v e   t h e  

a l k a l i n e   c l e a n e r   f rom  t he   s u b s t r a t e .   Due  to  c a r r y - o v e r   o f  

t h e   a l k a l i n e   c l e a n e r   f rom  s t e p   1,  t h i s   r i n s e   is  a  m i l d  

a l k a l i n e   r i n s e .  

S t e p   3  -   A  s e c o n d   w a t e r   r i n s e   is  u t i l i z e d   to  r e m o v e  

any  of  t he   m i l d   a l k a l i n e   r e s i d u e s   r e m a i n i n g   on  t he   s u r f a c e  

f o l l o w i n g   s t e p   2.  T h o r o u g h   r e m o v a l   of  a l l   a l k a l i n e  

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

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

any  a l k a l i n i t y   is   l e f t   on  t he   s u b s t r a t e ,   i t   w i l l   a f f e c t  

t he   a c i d   b a l a n c e   of  t h e   z i n c   p h o s p h a t e   s o l u t i o n .  

S t e p   4  -   S u b s t r a t e   p a s s i v a t i o n ,   t h r o u g h   t he   s p r a y i n g  

of  a  z i n c   p h o s p h a t e   s o l u t i o n   on  t h e   s u b s t r a t e ,   i s  

a c c o m p l i s h e d   in  t h i s   s t e p ,   w h i c h   is  t h e   key  to  t h e  

e i g h t - s t e p   s y s t e m .   R e a c t i o n   of  t h i s   a c i d i c   s o l u t i o n   w i t h  

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

of  w a t e r   i n s o l u b l e   z i n c   p h o s p h a t e   c r y s t a l s   on  t h e  

s u r f a c e .   I t   is  i m p o r t a n t   t h a t   t h i s   z i n c   p h o s p h a t e  

s o l u t i o n   be  m a i n t a i n e d   a t   a  pH  n e a r   3  or  a  p o w d e r y  

p r e c i p i t a t e   w i l l   be  d e p o s i t e a   on  t he   s u b s t r a t e .   T h i s  

p r e c i p i t a t e   is  u n d e s i r a b l e ,   as  i t   w i l l   s i g n i f i c a n t l y  



r e d u c e   c o a t i n g   a d h e s i o n .  

The  p u r p o s e   of  t h e   z i n c   p h o s p h a t e   c r y s t a l s   is   t o  

p a s s i v a t e   t he   s u b s t r a t e   and  g i v e   i r r e g u l a r   m o l e c u l a r   s i t e s  

to  w h i c h   t h e   p o w d e r   c o a t i n g   can  m e c h a n i c a l l y   b o n d .  

S t e p   5  -   The  f i f t h   s t e p   is  a  w a t e r   r i n s e   w h i c h   i s  

n e c e s s a r y   to  r e m o v e   e x c e s s   z i n c   p h o s p h a t e   and  any  w a t e r  

s o l u b l e   s a l t s   ( c h l o r i d e s ,   s u l f a t e s ,   or  n i t r a t e s )   t h a t   m a y  
be  on  t h e   s u r f a c e   of  t he   s u b s t r a t e .   T h e s e   w a t e r   s o l u b l e  

s a l t s   have   to  be  r e m o v e d   f rom  t h e   s u r f a c e   or  t h e y   w i l l  

r e d u c e   a d h e s i o n   of  t he   c o a t i n g .  

S t e p   6  -   The  s i x t h   s t e p   is   an  a c i d i f i e d   r i n s e   u s i n g  

c h r o m i u m   c o m p o u n d s   such   as  c h r o n i c   a c i d .   The  p u r p o s e   o f  

t h i s   r i n s e   is  to  r e m o v e   t h e   l e s s   s o l u b l e   s a l t s   r e m a i n i n g  

f rom  t he   w a t e r   r i n s e   in  s t e p   5.  The  c h r o m i u m   c o m p o u n d   i s  

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

s u b s t r a t e   some  a d d e d   c o r r o s i o n   p r o t e c t i o n .   The  c h r o m e  

a l s o   f i l l s   some  of  t h e   p o r e s   w h i c h   e x i s t   in  t he   z i n c  

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

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

s i t e s   f o r   t he   p o w d e r   c o a t i n g .  

S t e p   7  -   The  s e v e n t h   s t e p   of  t h e   p r e t r e a t m e n t   p r o c e s s  
is   a  w a t e r   r i n s e   whose   p u r p o s e   i s   to  r e m o v e   any  f o r e i g n  

s a l t s   or  m i n e r a l s .  

S t e p   8  -   The  l a s t   s t e p   i n v o l v e s   t h o r o u g h l y   d r y i n g   t h e  

g a l v a n i z e d   m e t a l   by  t h e   a p p l i c a t i o n   of  h e a t .  

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

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

m e t a l   t h e r e   is   a  s o - c a l l e d   s i x - s t a g e   or  s i x - s t e p   s y s t e m .  

T h i s   s y s t e m   is   s i m i l a r   to  t h e   e i g h t - s t e p   s y s t e m   e x c e p t  

t h a t   s t e p s   3  and  7,  w h i c h   a r e   r e s p e c t i v e l y   t h e   two  w a t e r  

r i n s e   s t e p s ,   a r e   e l i m i n a t e d .  



DESCRIPTION  OF  THE  INVENTION 

T h i s   i n v e n t i o n   c o m p r i s e s   a  p r e t r e a t m e n t   p r o c e s s ,  

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

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

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

d e v e l o p e d   f o r   a p p l i c a t i o n   w i t h   a  g a l v a n i z e d   m e t a l  

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

p r o t e c t i o n   of  t he   s t e e l   f rom  c o r r o s i o n .  

I t   is   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   a  

p r e t r e a t m e n t   p r o c e s s   fo r   g a l v a n i z e d   m e t a l   so  t h a t   w h e n  

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

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

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

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

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

m e t a l l i c   z i n c   l a y e r   on  t he   s t e e l   is  u t i l i z e d   d i r e c t l y   t o  

p r o v i d e   s a c r i f i c i a l   c o r r o s i o n   p r o t e c t i o n   fo r   t he   m e t a l  

r a t h e r   t h a n   u t i l i z e   l e s s   e f f e c t i v e   c h e m i c a l   r i n s e s ,   s u c h  

as  a  z i n c   p h o s p h a t e   r i n s e ,   to  d e p o s i t   a  c o r r o s i o n  

p r o t e c t i v e   l a y e r   on  the   s u r f a c e .  

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

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

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

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

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

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

o r g a n i c   p o w d e r   c o a t i n g   of  s a i d   m e t a l   w h i c h   u s e s   no  c h r o m e  

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

h a z a r d o u s   w a s t e s .  

I t   is   a  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   t o  

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



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

s y s t e m s   w h i c h   d e p o s i t   s i g n i f i c a n t   a m o u n t s   of  z i n c  

p h o s p h a t e   on  t h e   m e t a l )   t h u s   i n s u r i n g   b e t t e r   p o w d e r  

c o a t i n g   a d h e s i o n   to  t h e   m e t a l .   I t   has   been   f o u n d   t h a t  

a d h e s i o n   of  t he   o r g a n i c   p o w d e r   c o a t i n g   on  g a l v a n i z e d   m e t a l  

w i t h   a  min imum  of  z i n c   p h o s p h a t e   t h e r e o n   is   s u p e r i o r   t o  

t h a t   a c h i e v e d   w i t h   t he   p r i o r   p r e t r e a t m e n t   s y s t e m s .   I t   h a s  

b e e n   c o n c l u d e d   t h a t   by  i m m e d i a t e l y   o r g a n i c   p o w d e r   c o a t i n g  

t h e   m e t a l ,   t h e   p a s s i v a t i n g   e f f e c t   of  t h e   z i n c   p h o s p h a t e  

c r y s t a l s   is   n o t   r e q u i r e d .  

The  f o u r - s t e p   s y s t e m   of  a p p l i c a n t s '   i n v e n t i o n  

f o l l o w s :  

S t e p   1  -   The  f i r s t   s t e p   in  t he   f o u r - s t e p   p r e t r e a t m e n t  

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

e t c h i n g .   G r e a s e   and  d i r t   a r e   r e m o v e d   h e r e i n   w h i l e   a t   t h e  

same  t i m e   t he   g a l v a n i z e d   m e t a l   is   e t c h e d   by  t h e   p h o s p h o r i c  

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

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

S t e p  2  -   The  s e c o n d   s t e p   is   a  w a t e r   r i n s e ,   w h i c h   i s  

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

f rom  s t e p   1,  p l u s   any  s a l t s   ( c h l o r i d e s ,   n i t r a t e s ,  

s u l f a t e s ,   and  t he   l i k e )   t h a t   may  be  on  the   s u r f a c e   of  t h e  

s u b s t r a t e .   Due  to  a c i d   c a r r y - o v e r   f rom  s t e p   1,  t h i s   r i n s e  

is   a  m i l d   a c i d   r i n s e .  

S t e p   3  -   The  t h i r d   s t e p   is  a  w a t e r   r i n s e   w h i c h   i s  

u t i l i z e d   to  f u l l y   r e m o v e   any  of  t he   m i l d   a c i d ,   s a l t ,   o r  

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

s t e p   2.  T h i s   s t e p   r e q u i r e s   l e s s   t i m e   or  e q u i p m e n t   i f   t h e  

w a t e r   is   h e a t e d .  



S t e p   4  -   The  l a s t   s t e p   i n v o l v e s   t h o r o u g h l y   d r y i n g   t h e  

g a l v a n i z e d   m e t a l   by  t he   a p p l i c a t i o n   of  h e a t .  

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

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

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

The  f i r s t   s t e p   in  t he   p r e p a r a t i o n   of  t h e  

g a l v a n i z e d   m e t a l   fo r   c o a t i n g   i n v o l v e s   c l e a n i n g   and  a c i d  

e t c h i n g   to  a s s u r e   a  c l e a n   and  o x i d e - f r e e   s u r f a c e .   T h i s   i s  

a c c o m p l i s h e d   t h r o u g h   the   use   of  a  t y p i c a l   b i o d e g r a d a b l e  

s o l u t i o n   ( l i q u i d   a c i d   s o l u t i o n )   c o n t a i n i n g   p h o s p h o r i c  

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

c o m m e r c i a l l y   in  v a r i o u s   f o r m u l a t i o n s   f r o m ,   fo r   e x a m p l e ,  

O a k i t e   P r o d u c t s ,   I n c . ,   in  B e r k e l e y   H e i g h t s ,   New  J e r s e y .  

I t   is   f o r m u l a t e d   fo r   r e m o v i n g   l i g h t   g r e a s e ,   shop   d i r t ,  

w e l d i n g   f l u x e s ,   o x i d e s ,   and  m i l l   s c a l e   f rom  t h e  

g a l v a n i z e d   m e t a l   and  in  g e n e r a l   m i c r o s c o p i c a l l y   e t c h e s   t h e  

m e t a l   p r i o r   to  o r g a n i c   p o w d e r   c o a t i n g .   S i n c e   t h e  

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

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

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

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

of  t he   m e t a l .   T y p i c a l l y   a  3-20%  s o l u t i o n   by  v o l u m e   o f  

t h i s   a c i d   c o m p o u n d   a t   1 1 0 - 1 5 0 °   i s   u s e d .   The  e x a c t  

t e m p e r a t u r e   and  c o n c e n t r a t i o n   mus t   be  a d j u s t e d   to  a c h i e v e  

t h o r o u g h   c l e a n i n g   w i t h   m i n i m a l   a t t a c k   of  t h e   z i n c .   T h e  

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

e n o u g h   so  t h a t   t he   e n t i r e   p i e c e   of  g a l v a n i z e d   m e t a l   can  b e  

d i p p e d   t h e r e i n .   I t   has   b e e n   f o u n d   t h a t   t h e   m i n i m u m  

d i p p i n g   t i m e   in  t h i s   s o l u t i o n   is   1  1 /2   to  3  1 /2   m i n u t e s  

w i t h   more  t i m e   n e e d e d   i f   t he   g a l v a n i z e d   m e t a l   is   h e a v i l y  



c o n t a m i n a t e d   w i t h   d i r t   or  o i l   or  has   b e e n   t r e a t e d   w i t h  

s p e c i a l   r i n s e s   by  t h e   m e t a l   v e n d o r .   S o m e t i m e s ,   i n s t e a d   o f  

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

t he   g a l v a n i z e d   m e t a l .  

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

r e q u i r e d   to  r e m o v e   e x c e s s   c l e a n i n g   a g e n t   f rom  s t e p   1  p l u s  

any  s a l t s ,   s u c h   as  c h l o r i d e s ,   n i t r a t e s   or  s u l f a t e s   w h i c h  

may  be  on  t he   s u r f a c e   of   t he   s u b s t r a t e .   T y p i c a l l y ,   t a p  

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

l e v e l s ,   d e i o n i z e d   w a t e r   may  be  more  s u i t a b l e .   W a t e r   u s e d  

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

c l e a n s i n g   a g e n t   u s e d   in  s t e p   3  as  a  r e s u l t   of   c a r r y - o v e r  
of  t he   c l e a n s i n g   a g e n t   on  the   s u r f a c e   of  t h e   g a l v a n i z e d  

s t e e l .  

S t e p   3  a l s o   i n v o l v e s   a  w a t e r   r i n s e .   As  s t a t e d  

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

a l l   of  t he   d i l u t e   c l e a n i n g   a g e n t ,   p l u s   any  s a l t s   a n d  

m i n e r a l s   r e m a i n i n g   on  t he   s u r f a c e   f o l l o w i n g   s t e p   2,  a r e  

r e m o v e d .  

In  s t e p   4,  t he   t r e a t e d   g a l v a n i z e d   m e t a l   m u s t   b e  

d r i e d   p r i o r   to  i t s   c o a t i n g   w i t h   t he   o r g a n i c   p o w d e r .   T h i s  

d r y i n g   is   u s u a l l y   done   by  i n s e r t i n g   t h e   p r e t r e a t e d   a n d  

r i n s e d   g a l v a n i z e d   m e t a l   i n t o   an  oven   a t   1 3 0 ° - 4 0 0 ° F   f o r  

a p p r o x i m a t e l y   2  to  10  m i n u t e s   so  t h a t   i t   t h o r o u g h l y  

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

t h e   p r e t r e a t e d   and  g a l v a n i z e d   m e t a l   in  t he   oven   a t   2 5 0 ° F  

fo r   a p p r o x i m a t e l y   5  m i n u t e s .  

Upon  c o m p l e t i o n   of  t he   f o u r - s t e p   p r e t r e a t m e n t  

p r o c e s s ,   t he   g a l v a n i z e d   m e t a l   mus t   be  p o w d e r   c o a t e d   w i t h i n  

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

z i n c   o x i d e   d e v e l o p s   on  t h e   g a l v a n i z e d   m e t a l   as  a  r e s u l t   o f  

e x p o s u r e   to  t he   a t m o s p h e r e   of  o t h e r   o x i d i z i n g   a g e n t s .  



T h i s   is   so  b e c a u s e   u n l i k e   c o n v e n t i o n a l   p r e t r e a t m e n t  

s y s t e m s ,   no  p a s s i v a t i o n   c o a t i n g   is  d e p o s i t e d   in  t h e  

i n s t a n t   i n v e n t i o n .   I d e a l l y ,   t h e n   t he   g a l v a n i z e d   m e t a l  

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

d r i e d .   As  a  p r a c t i c a l   m a t t e r ,   h o w e v e r ,   due  to  e q u i p m e n t  

l i m i t a t i o n s   and  l o c a t i o n ,   m a n p o w e r   r e q u i r e m e n t s ,   m o v i n g  

n e e d s ,   and  t h e   l i k e ,   i t   has   been   f o u n d   t h a t   t h e   t i m e   l a g  

b e t w e e n   d r y i n g   ( s t e p   4)  and  p o w d e r   c o a t i n g   of  t h e  

g a l v a n i z e d   m e t a l   can  r a n g e   f rom  a b o u t   5  m i n u t e s   to  6  h o u r s  

w i t h   an  a v e r a g e   t i m e   l ag   of  a b o u t   10  m i n u t e s .   A l t h o u g h   6 

h o u r s   has   been   s t a t e d   as  an  u p p e r   l i m i t ,   t h i s   is  a n  

a p p r o x i m a t i o n ,   s i n c e   i t   has   been   d e t e r m i n e d   t h a t   i f   2  or  3 

d a y s   e l a p s e   b e t w e e n   d r y - o f f   ( s t e p   4  of  t h i s   i n v e n t i o n )   a n d  

p o w d e r   c o a t i n g ,   t h e   a d h e s i o n   of  t h e   c o a t i n g   w i l l   no t   be  a s  

good  as  i f   t he   t i m e   l ag   were   5  m i n u t e s   to  6  h o u r s .   I m p a c t  

of  l ag   t i m e   on  c o a t i n g   a d h e s i o n   w i l l   v a r y   w i t h   e x p o s u r e   o f  

t h e   g a l v a n i z e d   m e t a l   to  t e m p e r a t u r e   and  h u m i d i t y  

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

s t o r a g e   and  t he   l i k e ) .  

The  c o a t i n g   to  be  u s e d   is  a  t y p i c a l   o r g a n i c  

p o w d e r   such   a s ,   fo r   e x a m p l e ,   e p o x y ,   p o l y e s t e r ,   a c r y l i c s ,  

or  h y b r i d s   w h i c h   a r e   m i x t u r e s   of  p o l y e s t e r   and  e p o x y  

p o w d e r s .   Such  p r o d u c t s   w h i c h   h a v e   been   u sed   w i t h   g r e a t  

s u c c e s s   in  t h e   i n s t a n t   i n v e n t i o n   a r e   e p o x y   c o a t i n g   p o w d e r s  
R  R  R such   as  P u l v a l u r e  R ,   S c o t c h k o t e  ,   C o r v e l  ,   o r  

V e d o c  R ,   w h i c h   a r e   m a n u f a c t u r e d   by  and  a v a i l a b l e   f r o m  

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

a r e   h e m o g e n o u s ,   m e l t - m i x e d ,   100%  s o l i d s   d e s i g n e d   f o r  

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

The  o r g a n i c   p o w d e r   c o a t i n g   is  a p p l i e d   t y p i c a l l y  

by  e l e c t r o s t a t i c   s p r a y   a l t h o u g h   i t   can  a l s o   be  a p p l i e d   b y  

d i p p i n g   t he   t r e a t e d ,   r i n s e d ,   and  d r i e d   g a l v a n i z e d   m e t a l  



i n t o   a  f l u i d i z e d   bed  of  t h i s  p o w d e r .   When  a p p l i e d   by  a n  
e l e c t r o s t a t i c   s p r a y ,   t he   p o w d e r   i s s u e s   f rom  a  gun  w h i c h  

i m p a r t s   i t   w i t h   an  e l e c t r i c a l l y   p o s i t i v e   c h a r g e .   S i n c e  

t he   g a l v a n i z e d   m e t a l   is   n e g a t i v e l y   c h a r g e d ,   t he   p o w d e r   i s  

a t t r a c t e d   and  c a u s e d   to  a d h e r e   to  t he   m e t a l .   T h e  

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

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

i d e a l   is   .004   i n c h e s   ( 0 . 1 )   m i l l i m e t e r s  ±   . 001   i n c h e s  

( . 0 2 5 4   m i l l i m e t e r s ) .   T h i s   is   t he   a p p r o x i m a t e   t h i c k n e s s  

w h i c h   is   d e p o s i t e d   o n  , t h e   p r e t r e a t e d ,   r i n s e d ,   and  d r i e d  

g a l v a n i z e d   m e t a l   b e f o r e   p u t t i n g   i t   in  an  oven   f o r   c u r i n g .  

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

an  oven   a t   a p p r o x i m a t e l y   3 0 0 ° - 5 5 0 ° F   fo r   a b o u t   1 - 2 0  

m i n u t e s .   T e m p e r a t u r e s   and  c u r i n g   t i m e s   a r e   u s u a l l y   g i v e n  

by  t h e   m a n u f a c t u r e r   of  t he   o r g a n i c   p o w d e r   u s e d .  

H a v i n g   t h u s   d e s c r i b e d   t he   i n v e n t i o n   w i t h  

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

w i l l   be  o b v i o u s   to  t h o s e   s k i l l e d   in  t h e   a r t   to  w h i c h   t h e  

i n v e n t i o n   p e r t a i n s ,   a f t e r   u n d e r s t a n d i n g   the   i n v e n t i o n ,  

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

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

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



1.  A  p r o c e s s   f o r   c o a t i n g   g a l v a n i z e d   m e t a l ,   c h a r a c -  

t e r i z e d   in   t h a t   i t   c o m p r i s e s  :  

-  c l e a n i n g   and  a c i d   e t c h i n g   t h e   g a l v a n i z e d   m e t a l  ;  

-  t h o r o u g h l y   r i n s i n g   s a i d   m e t a l  ;  

-  d r y i n g   s a i d   m e t a l  ;   a n d  

-  a p p l y i n g   an  o r g a n i c   p o w d e r   c o a t i n g   b e f o r e   a n y  

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

g a l v a n i z e d   m e t a l .  

2.  The  p r o c e s s   of   c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

t h e   p o w d e r   c o a t i n g   i s   p e r f o r m e d   w i t h i n   6  h o u r s   a f t e r  

d r y i n g   o f   t h e   g a l v a n i z e d   m e t a l   in   s t e p   4 .  

3.  The  p r o c e s s   of   c l a i m - 1 ,   c h a r a c t e r i z e d   in  t h a t  

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

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

4.  The  p r o c e s s   o f   c l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

t h e   o r g a n i c   p o w d e r   c o a t i n g   i s   an  e p o x y   p o w d e r   c o a t i n g .  

5.  The  p r o c e s s   of   c l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

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

6.  The  p r o c e s s   of   c l a i m  1 ,   c h a r a c t e r i z e d   in   t h a t  

t h e   m e t a l   i s   z i n c .  

7.  P o w d e r   c o a t e d   g a l v a n i z e d   m e t a l ,   c h a r a c t e r i z e d  

in  t h a t   t h e   p o w d e r   c o a t i n g   i s   a p p l i e d   on  g a l v a n i z e d   m e t a l  

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

1  to   5 .  

8.  The  p r o d u c t   of   c l a i m   7,  c h a r a c t e r i z e d   in   t h a t  

t h e   m e t a l   i s   z i n c .  
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