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@  Method  of  treating  a  surface  of  an  aluminum  to  form  a  pattern  thereon. 

A  method  of  treating  a  surface  of  aluminum  to  form  a 
pattern  thereon  is  disclosed,  which  comprises  electrolyzing 
the  aluminum,  after  anodic  oxidation  in  usual  manner,  in  a 
bath  containing  at  least  one  substance  selected  from 
organic  acids  having  OH  or  COOH  group,  orthophosphoric 
acid,  pyrophosphoric  acid,  chromic  acid,  phosphorous 
acid,  sulfuric  amide,  highly  concentrated  sulfuric  acid  and 
salts  thereof,  subjecting  to  a  hot-water  rinsing  treatment, 
adhering  at  its  dried  surface  a  substance  contributing  to  the 
formation  of  the  pattern  at  a  subsequent  electrolytic  pig- 
mentation  and  then  subjecting  to  an  electrolytic  pigmenta- 
tion,  whereby  a  colored  pattern  based  on  a  difference  of 
color  tone  between  adhered  portion  and  nonadhered  por- 
tion  is  formed  on  the  aluminum  surface. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  of  t r e a t i n g  

a  s u r f a c e   of  an  aluminum  to  f r e e l y   form  v a r i o u s   p a t t e r n s   t h e r e o n .  

T h r o u g h o u t   the  s p s c i f i c a t i o n ,   the  term  " a l u m i n u m "  

used  h e r e i n   means  to  i n c l u d e   a luminum  a n d  a l u m i n u m   a l l o y s .  

As  a  method  of  f o r m i n g   a  p a t t e r n   on  a  s u r f a c e   of  a n  

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

t h e r e   have  h i t h e r t o   been  p r o p o s e d   v a r i o u s . m e t h o d s   whe re in   t h e  

a l u m i n u m  b e f o r e   an  a n o d i c   o x i d a t i o n   t r e a t m e n t   is   d ipped   i n t o   a  

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

c u r r e n t   t h e r e t o .  

In  t h e s e   m e t h o d s ,   h y d r o g e n   gas  p r o d u c e d   on  the  s u r f a c e  

of  the  a luminum  by  the  a p p l i c a t i o n   of  e l e c t r i c   c u r r e n t   r i s e s  

upward  on  the  aluminum  s u r f a c e   to  form  a  b u b b l e - t r a c e d   p a t t e r n .  

However,   the  g e n e r a t i o n   of  h y d r o g e n   gas  is  not  a lways   c o n s t a n t  

and  is  ve ry   i r r e g u l a r ,   so  t h a t   a  f i x e d   r e g u l a r   p a t t e r n   can  not   b e  

formed  on  the  aluminum  s u r f a c e   and  a l s o   the  same  p a t t e r n   can  n o t  

be  r e p r o d u c e d   r e p e a t e d l y .  

Moreover ,   the   p a t t e r n s   formed  by  t h e s e   methods  e x c l u -  

s i v e l y   r e l y   on  the  r i s i n g   t r a c e   of  h y d r o g e n   gas ,   so  t h a t   t h e r e  .  

are  o b t a i n e d   only  m o n o t o n o u s   l i n e   and  g r a i n - l i k e   p a t t e r n s .  

T h e r e f o r e ,   the   above  methods   have  a l s o   a  d r a w b a c k  

t h a t   p a t t e r n s   hav ing   a p p e a r a n c e   and  d e s i g n   s u i t a b l e   fo r   v a r i o u s  

a p p l i c a t i o n s   can  not  o p t i o n a l l y   be  o b t a i n e d . '  

On  the  o t h e r   hand,   i f   i t   is  i n t e n d e d   to  form  a  f r e e l y  

d e s i g n e d   p a t t e r n ,   u s u a l   p r i n t i n g   methods   are  most  p r e f e r a b l e ,  

but  they  can  not  be  a p p l i e d   to  the  aluminum  fo r   b u i l d i n g s   h a v i n g  

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

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  the  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  method  of  t r e a t i n g   a  s u r f a c e   of  an  aluminum  to  f o r m  

p a t t e r n ,   w h i c h  c a n   p r o d u c e   not  only  a  monotonous   l i n e   p a t t e r n  



but  a l so   the  same  f r e e l y   d e s i g n e d   p a t t e r n   as  i n  t h e   p r i n t i n g  .  

method  even  on  the  s u r f a c e   of  the   aluminum  for   b u i l d i n g s   h a v i n g  

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

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   t h e r e   i s  t h e  

p r o v i s i o n   of  a  method  of  t r e a t i n g   a  s u r f a c e   of  an  a luminum  to  f o r m  

a  p a t t e r n   t h e r e o n ,   c h a r a c t e r i z e d   in  t h a t   the  aluminum  a f t e r   a n o d i c  

o x i d a t i o n   t r e a t m e n t   in  u s u a l   manner  is  e l e c t r o l y z e d   in  a  b a t h  

c o n t a i n i n g   at  l e a s t   one  s u b s t a n c e   s e l e c t e d   from  o r g a n i c   a c i d s  

h a v i n g   a  h y d r o x y l   or  c a r b o x y l   g roup ,   o r t h o p h o s p h o r i c   a c i d ,   p y r o -  

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

h i g h l y   c o n c e n t r a t e d   s u l f u r i c   a c i d   of  not  l e s s   than  40  V/V %  a n d  

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

at  i t s   d r i e d   s u r f a c e   w i t h   a  s u b s t a n c e   c o n t r i b u t i n g   to  t h e  

f o r m a t i o n .  o f   p r o p e r   p a t t e r n   at  a  s u b s e q u e n t   e l e c t r o l y t i c   p i g m e n t a -  

t i o n   and  t hen   s u b j e c t e d   to  an  e l e c t r o l y t i c   p i g m e n t a t i o n ,   w h e r e b y  

a  p a t t e r n   b a s e d   on  the   d i f f e r e n c e   of  c o l o r   tone   be tween   the  a d h e r e d  

p o r t i o n   and  the  n o n a d h e r e d   p o r t i o n   is  fo rmed   on  the  s u r f a c e   of  t h e  

a l u m i n u m . .  

. A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ,   the  a l u m i n u m  

s u r f a c e   a f t e r   the   e l e c t r o l y s i s   may  be  s u b j e c t e d   to  a  p r i m a r y  

c o l o r a t i o n   t r e a t m e n t   to  form  a  c o l o r e d  a n o d i c   ox ide   f i l m   t h e r e o n  

p r i o r ' t o   the  h o t - w a t e r   r i n s i n g . .   As  the  s u b s t a n c e   c o n t r i b u t i n g  

to  the  f o r m a t i o n   of  p r o p e r   p a t t e r n   at  the   s u b s e q u e n t   e l e c t r o l y t i c  

p i g m e n t a t i o n ,   t h e r e   a re   used  s u b s t a n c e s   c a p a b l e   of  i n h i b i t i n g  

the  e l e c t r o l y t i c   p i g m e n t a t i o n   h e r e i n a f t e r   r e f e r r e d   to  as  i n h i -  

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

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

s u b s t a n c e ) .  

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

d e t a i l   b e l o w .  



A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   the  aluminum  i s  

f i r s t   s u b j e c t e d   to  a  p r e t r e a t m e n t   of  d e g r e a s i n g ,   r i n s i n g ,   e t c h i n g  

and  d e s m u t t i n g   in  a  u s u a l   manner .   The  thus   t r e a t e d   aluminum  i s  

e l e c t r o l y z e d   in  an  e l e c t r o l y t i c   ba th   c o n t a i n i n g   s u l f u r i c   a c i d ,  

o x a l i c   ac id   or  a  m i x t u r e   t h e r o f   for   the  p r o d u c t i o n   of  p o r o u s  

anod ic   ox ide   f i lm  by  a  d i r e c t   c u r r e n t   p o r c e s s ,   an  a l t e r n a t i n g  

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

to  d i r e c t   c u r r e n t   or  the  o t h e r   p r o c e s s   of  us ing   a  c u r r e n t   wave  

c a p a b l e   of  d e v e l o p i n g   the  same  e f f e c t  t o   form  a n  a n o d i c   o x i d e  

f i lm  on  the  aluminum  s u r f a c e .   Moreover ,   t h i s  a n o d i c   o x i d a t i o n  

may  be  a c c o m p a n i e d   wi th   a  c o l o r   d e v e l o p m e n t   w i t h o u t   i n t e r f e r e n c e .  

Next ,   the  r e s u l t i n g   a n o d i c   oxide  f i lm  of  the  a l u m i n u m  

is  f u r t h e r   s u b j e c t e d   to  an  e l e c t r o l y t i c   t r e a t m e n t ,   whereby  t h e  

p r o p e r t i e s   of  the  a n o d i c  o x i d e   f i lm   such  as  s t r u c t u r e   of  m i c r o -  

pores   and  the  l i k e   are   c h a n g e d .  

To  t h i s   end  is  used  a  ba th   c o n t a i n i n g  a t   l e a s t  -  

one  of  i n o r g a n i c   a c i d s   and  s a l t s   t h e r e o f   s e l e c t e d   from  c h r o m i c  

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

s u l f u r i c   amide  and  h i g h l y   c o n c e n t r a t e d   s u l f u r i c   a c i d   of  not   l e s s  

than   40  V/V  %,  o r   a  ba th   c o n t a i n i n g   at  l e a s t   one  of  o r g a n i c   a c i d s  

h a v i n g   a  h y d r o x y l   or  c a r b o x y l   group  and  s a l t s   t h e r e o f   s e l e c t e d  

from  mal ic   a c i d ,   g l u c o n i c   a c i d ,   m a l e i c   a c i d ,   c i t r i c   a c i d ,   m a l o n i c  

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

s u l f o s a l i c y l i c   a c i d ,   g a l l i c   a c i d ,   b e n z o i c   a c i d ,   p h t h a l i c   a c i d ,  

c a r b o l i c   a c i d   and  the  l i k e .   F u r t h e r m o r e ,   a  p r o p e r   m i x t u r e   o f  

the  above  i n o r g a n i c   a c i d   and  o r g a n i c   ac id   may  be  used  as  an  

e l e c t r o l y t i c   b a t h .  

As  a  c u r r e n t   wave,  t h e r e   are  used  an  a l t e r n a t i n g  

c u r r e n t   wave,  a  wave  of  a l t e r n a t e l y   chang ing   p o s i t i v e   and  n e g a t i v e  

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



d i r e c t   c u r r e n t   wave.  In  the  e l e c t r o l y t i c   t r e a t m e n t ,   t h e  t r e a t i n g  

v o l t a g e   i s  p r e f e r a b l y  5  -   50  v o l t s   and  the  t r e a t i n g   t ime  i s  

1  -  1 0   m i n u t e s   in  o r d e r   ta   o b t a i n   a  s u f f i c i e n t   e f f e c t .   When 

us ing   the  a l t e r n a t i n g   c u r r e n t ,   the  p r o p e r t i e s   of  the  p r e v i o u s l y  

formed  a n o d i c   ox ide   f i lm   can  be  l a r g e l y   changed  as  c o m p a r e d  

wi th   the  case  of  u s i n g   the  d i r e c t   c u r r e n t .   On  the  o t h e r - h a n d ,  

the  use  of  d i r e c t   c u r r e n t   is  smal l   in  the   r ange   c h a n g i n g   t h e  

p r o p e r t i e s   the  a n o d i c   oxide   f i lm   as  compared  wi th   the  use  o f  

a l t e r n a t i n g   c u r r e n t ,   but   has  an  e f f e c t   of  c o n t r o l l i n g   a  c u r r e n t  

d e n s i t y   d u r i n g   the   t r e a t m e n t ,   so  t h a t   the  p r o p e r t i e s   of  t h e  

r e s u l t i n g   c o l o r e d   f i lm   become  good  as  compared  wi th   the  c a s e  

of  u s i n g   the  a l t e r n a t i n g   c u r r e n t .  

I f   n e c e s s a r y ,   the  aluminum  may  be  s u b j e c t e d   to  a  

p r i m a r y   c o l o r a t i o n   t r e a t m e n t   a f t e r   the  e l e c t r o l y t i c   t r e a t m e n t .  

In  t h i s   c a s e ,   any  c o n v e n t i o n a l   w e l l - - k n o w n   methods   can  p r o p e r l y  

be  a d o p t e d   as  the  p r i m a r y   c o l o r a t i o n   t r e a t m e n t .   For  i n s t a n c e ,  

t h e r e   are  m e n t i o n e d   v a r i o u s   methods   w h e r e i n   the  aluminum  i s  

e l e c t r o l y z e d   in  a  c o l o r i n g   ba th   c o n t a i n i n g   an  a c i d   or  a  s a l t  

of  a  c o l o r a b l e   m e t a l   s e l e d t e d   from  n i c k e l ,   c o b a l t ,   c o p p e r ,   t i n ,  

manganese ,   z i n c ,   chromium,  i r o n ,   l e a d ,   molybdenum  and  the  l i k e  

or  f u r t h e r   c o n t a i n i n g   hyd rogen   p e r o x i d e   by  u s i n g   a  p r o p e r   wave  

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

s u p e r i m p o s e d   a l t e r n a t i n g - d i r e c t   c u r r e n t s   or  the  l i k e .   A l t e r n a -  

t i v e l y ,   the  a luminum  may  be  c o l o r e d   by  a  d y e i n g   t r e a t m e n t .  

By  such  a  p r i m a r y   c o l o r a t i o n   t r e a t m e n t ,   the   a n o d i c  

ox ide   f i l m   is   c o l o r e d   i n t o   v a r i o u s   c o l o r   t o n e s   of  b r o n z e ,   a m b e r ,  

b l a c k   and  the  l i k e   as  wel l   as  g r e e n , b l u e ,   r ed ,   y e l l o w ,   b r o w n  

and  t h e  l i k e .  

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   the  s u b s e q u e n t  

h o t - w a t e r   wash ing   t r e a t m e n t   is  c l o s e l y   r e l a t e d   to  the  a b o v e  



m e n t i o n e d   e l e c t r o l y t i c   t r e a t m e n t   or  p r i m a r y   c o l o r a t i o n   t r e a t m e n t  

as  a p p a r e n t   from  the  f o l l o w i n g   r e a s o n .   That  i s ,   a c c o r d i n g   t o  

the  p r e s e n t   i n v e n t i o n ,   i t   i s  · an   e s s e n t i a l   f e a t u r e   t h a t   an  

i n h i b i t i o n   s u b s t a n c e   or  p r o m o t i o n   s u b s t a n c e   fo r   s u b s e q u e n t  

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

a n o d i c   ox ide   f i l m   or  the  c o l o r e d   a n o d i c   oxide   f i l m   a c c o r d i n g  

to  a  d e s i r e d   p a t t e r n .   T h e r e f o r e ,   i t   is  n e c e s s a r y   to  make  t h e  

s u r f a c e   of  the   a luminum  i n t o   d r i e d   s t a t e   fo r   a d h e r i n g ,   t h e  

i n h i b i t i o n   or  p r o m o t i o n   s u b s t a n c e   t h e r e t o .  

In  g e n e r a l ,   the   aluminum  is  s u b j e c t e d   to  a  r i n s i n g  

t r e a t m e n t  w i t h   wa t e r   a f t e r   the  e l e c t r o l y t i c   t r e a t m e n t ,   but  i t  

is  very   d i f f i c u l t   to  dry  the  a luminum  s u r f a c e   a f t e r   the  r i n s i n g  

wi th   w a t e r .   T h e r e f o r e ,   a  h o t - w a t e r   r i n s i n g   t r e a t m e n t   is  p r a c t i -  

c a l l y   p r e f e r a b l e   in  o r d e r   to  i n c r e a s e   the  p r o d u c t i o n   e f f i c i e n c y .  

However,   when  the  a n o d i c   ox ide   f i l m   or  the  c o l o r e d   a n o d i c   o x i d e  

f i lm   as  d e s c r i b e d   above  is   mere ly   s u b j e c t e d   to  a  h o t - w a t e r  

r i n s i n g   t r e a t m e n t ,   the  s u r f a c e   of  t h i s   f i lm  is  s e a l e d   to  l o s e  

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

at  the  s u b s e q u e n t   e l e c t r o l y t i c   p i g m e n t a t i o n   s t e p .  

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

n e c e s s a r y   to  p e r f o r m   the  e l e c t r o l y t i c   t r e a t m e n t   fo r   c h a n g i n g  

the  p r o p e r t i e s   of  the  a n o d i c   ox ide   f i lm   as  d e s c r i b e d  a b o v e   i n  

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

On  the  o t h e r   hand,   i f   the  a n o d i c   ox ide   f i lm  is  s u b j e c t e d   to  t h e  

e l e c t r o l y t i c   t r e a t m e n t   and  f u r t h e r   to  the  e l e c t r o l y t i c   p i g m e n t a -  

t i o n  w i t h o u t   h o t - w a t e r   r i n s i n g ,   i t   is  c e r t a i n l y   c o l o r e d ,   but  t h e  

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

and  b e a u t i f u l   c o l o r e d   a n o d i c   ox ide   f i lm   can  not  be  o b t a i n e d .  

T h e r e f o r e ,   the   h o t - w a t e r   r i n s i n g   t r e a t m e n t   is  r e q u i r e d   f o r  

o b t a i n i n g  p r a c t i c a l l y   s a t i s f a c t o r y   f i l m s .   By  the  h o t - w a t e r  



r i n s i n g   t r e a t m e n t ,   the  a c t i v i t y   of  the  a n o d i c   oxide   f i lm  a f t e r  

the  e l e c t r o l y t i c   t r e a t m e n t   is  made  un i fo rm  a l l  o v e r   the  s u r f a c e  

of  the  a luminum,   whereby   the  s c a t t e r i n g   of  me ta l   d e p o s i t i o n  

is  p r e v e n t e d   at  the  s u b s e q u e n t   e l e c t r o l y t i c   p i g m e n t a t i o n   s t e p .  

M o r e o v e r ,   when  the  p r i m a r y   c o l o r a t i o n   t r e a t m e n t   i s  

c a r r i e d   out  be tween   the   e l e c t r o l y t i c   t r e a t m e n t   and  the  h o t -  

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

f i l m   are   n e v e r   f u r t h e r   changed   b e c a u s e  m e t a l   is  mere ly   d e p o s i t e d  

in  the  m i c r o p o r e s   or  the   f i lm  is  dyed.  T h e r e f o r e ,   the  p r i m a r y  

c o l o r a t i o n   t r e a t m e n t   does  not  a d v e r s e l y   a f f e c t   the  s u b s e q u e n t  

h o t - w a t e r   t r e a t m e n t .  

In  the  h o t - w a t e r   r i n s i n g   t r e a t m e n t ,   pure   w a t e r   i s  

p r e f e r a b l y  u s e d   as  a  r u l e ,   but  wa te r   c o n t a i n i n g   a  s u r f a c t a n t   o f  

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

to  e n s u r e   the  h o t - w a t e r   r i n s i n g   w i t h o u t   s e a l i n g ,   the  t r e a t i n g  

t i m e .  i s  p r e f e r a b l y   1  -  3 0   m i n u t e s   when  the  t r e a t i n g   t e m p e r a t u r e  

is   50  -   90°C  and  1 - 1 5   m i n u t e s   when  the   t r e a t i n g   t e m p e r a t u r e  

is  90  -   1 0 0 ° C .  

When  the  a n o d i c   oxide   f i lm  or  the  c o l o r e d   a n o d i c  

ox ide   f i l m   is   s u b j e c t e d   to  the  h o t - w a t e r   r i n s i n g   t r e a t m e n t   a s  

d e s c r i b e d   above ,   the   s u r f a c e   of  the  f i lm   is   made  u n i f o r m   w i t h o u t  

s e a l i n g ,   so  t h a t   when  the  aluminum  is  t a k e n   out  from  the  t r e a t i n g  

t a n k ,   the   s u r f a c e   t h e r e o f   is  r a p i d l y   made  i n t o   a  d r i e d   s t a t e .  

A f t e r   the   h o t - w a t e r   r i n s i n g   t r e a t m e n t ,   the  a luminum  can  be  moved  

to  a  s u b s e q u e n t   t r e a t m e n t   of  a d h e r i n g   the  i n h i b i t i o n   or  p r o m o t i o n  

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

p i g m e n t a t i o n   s t e p .  

The  i n h i b i t i o n   s u b s t a n c e   i n c l u d e s   s u b s t a n c e s   f l o w i n g  

no  e l e c t r i c   c u r r e n t   at  e l e c t r o l y t i c   p i g m e n t a i o n   s t e p ,   s u b s t a n c e s  

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



i n t o   m i c r o p o r e s   of  the  a n o d i c   oxide   f i lm   and  the  l i k e .   As  the  f o r m e r  

s u b s t a n c e ,   men t ion   may  be  made  of  k a o l i n ,   d i b u t y l   p h t h a l a t e ,  

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

i n s u l a t i n g   s u b s t a n c e s   such  as  r e s i s t   ink ,   s y n t h e t i c   r e s i n s   and-  

the  l i k e .   As  the  l a t t e r   s u b s t a n c e ,   use  may  be  made  of  s u b s t a n c e s  

p r o d u c i n g   sodium  ion ,   p o t a s s i u m   ion ,   ammonium ion   or  n i t r i c  

a c i d   ion  by  h y d r o l y s i s ,   an  example  of  which  i n c l u d e s   a q u e o u s  

s o l u t i o n s   or  p a s t e s   of  sodium  h y d r o x i d e ,   p o t a s s i u m   h y d r o x i d e ,  

ammonia  w a t e r ,   n i t r i c   a c i d ,   sodium  n i t r a t e ,   sodium  s u l f a t e ,  

ammonium  s u l f a t e ,   p o t a s s i u m   s u l f a t e   and  the  l i k e .  

As  the  p r o m o t i o n   s u b s t a n c e ,   use  may  be  made  of  a q u e o u s  

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

a c i d ,   p h o s p h o r o u s   a c i d ,   s u l f u r i c   amide ,   c a r b o x y l i c   a c i d ,   o x y c a r b o -  

x y l i c   a c i d   a n d - t h e   l i k e .  

Moreove r ,   the  e l e c t r o l y t i c   p i g m e n t a t i o n   can  be  

o b s t r u c t e d   by  u s i n g   a  masking  t a p e .  

As  a  means  fo r   a d h e r i n g   the  above  i h h i b i t i o n   o r  

p r o m o t i o n   s u b s t a n c e   to  the  aluminum  s u r f a c e ,   t h e r e   are  u s e d  

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

v a r i o u s   p r i n t i n g   p r o c e s s e s  s u c h   as  s c r e e n   p r i n t i n g ,   o f f - s e t  

p r i n t i n g   and  the  l i k e .  

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

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

i r r e g u l a r   s u r f a c e .  

That  i s ,   the  i n h i b i t i o n   or  p r o m o t i o n   s u b s t a n c e   i s  

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

p a t t e r n ,   which  is  f l o a t e d   on  a  l i q u i d   upward  i t s   p r i n t e d   s u r f a c e .  

T h e n ,  t h e   aluminum  is  submerged   i n t o   the  l i q u i d   wh i l e   p u s h i n g  

on  the  p r i n t e d   s u r f a c e ,   whereby  the  t h i n   f i lm   is  a d h e r e d   c l o s e l y  

to  the  o v e r a l l   s u r f a c e   of  the  a luminum  under   a  l i q u i d   p r e s s u r e  



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

the  p r i n t e d   s u r f a c e   to  the  aluminum  s u r f a c e .   In  t h i s   c a s e ,  

i t   is  n e c e s s r y   to  remove  the  t h i n   f i lm  a f t e r   the  i n h i b i t i o n   o r  

p r o m o t i o n   s u b s t a n c e   is  a d h e r e d   to  the  aluminum  s u r f a c e .   S u c h  

a  r emova l   of  the  t h i n   f i lm  is  c a r r i e d   out  by  v a r i o u s   p r o c e s s e s  

such  as  h o t - w a t e r   r i n s i n g   and  the  l i k e .  

A f t e r   the   a d h e s i o n  o f   the  i n h i b i t i o n   or  p r o m o t i o n  

s u b s t a n c e   at  a  p a t t e r n e d   s t a t e ,   the  aluminum  s u r f a c e  i s   s u b j e c t e d  

to  an  e l e c t r o l y t i c   p i g m e n t a t i o n   t r e a t m e n t .   As  the  e l e c t r o l y t i c  

p i g m e n t a t i o n   t r e a t m e n t ,   the  c o n v e n t i o n a l l y   w e l l - k n o w n   p r o c e s s e s  

can  p r o p e r l y   be  a d o p t e d   w i t h o u t   p a r t i c l u l a r   l i m i t a t i o n .  

.  For  i n s t a n c e ,   t h e r e   may  be  m e n t i o n e d   v a r i o u s   e l e c t r o -  

l y t i c   p i g m e n t a t i o n   p r o c e s s e s   w h e r e i n   the  aluminum  is  e l e c t r o l y z e d  

in  a  c o l o r i n g . b a t h   c o n t a i n i n g   an  ac id   or  a  s a l t   of  a  c o l o r a b l e  

me ta l   s e l e c t e d   from  n i c k e l ,  c o b a l t ,   c o p p e r ,   t i n ,   manganese ,   z i n c ,  

chromium,  i r o n ,  l e a d ,   molybdenum  a n d - t h e   l i k e   or  f u r t h e r   c o n t a i n i n g  

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

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

d i r e c t   c u r r e n t s   or  the  l i k e .   This  t r e a t m e n t   may  be  the  same  a s  

the   a f o r e m e n t i o n e d   p r i m a r y   c o l o r a t i o n   t r e a t m e n t .   In  the  l a t t e r  

ca se ,   the   t r e a t i n g   c o n d i t o n s   are  o p t i o n a l l y   s e l e c t e d   in  a c c o r d a n c e  

wi th   d e s i r a b l e   c o l o r e d   p a t t e r n s .  

By  the  e l e c t r o l y t i c   p i g m e n t a t i o n   t r e a t m e n t ,   the  a n o d i c  

ox ide   f i lm   is   c o l o r e d   in  v a r i o u s   c o l o r   t o n e s   such  as  b r o n z e ,  

amber,   b l a c k ,   g r e e n ,   r ed ,   b l u e ,   y e l l o w ,   brown  and  the  l i k e   i r r e s p e c -  

t i v e   of  the  p r e v i o u s   h o t - w a t e r   r i n s i n g   t r e a t m e n t   b e c a u s e   the  p r o p e r -  

t i e s   of  the  f i l m   are  p r e v i o u s l y   changed  by  the  e l e c t r o l y t i c  

t r e a t m e n t   b e f o r e   the  h o t - w a t e r   r i n s i n g .  

In  t h e  e l e c t r o l y t i c   p i g m e n t a t i o n ,   when  the  i n s u l a t i n g  

s u b s t a n c e   is  used  as  the  i n h i b i t i o n   s u b s t a n c e ,   the  a d h e r e d   p o r t i o n s  



are  not  c o l o r e d   by  the  e l e c t r o l y t i c   p i g m e n t a t i o n   t r e a t m e n t .  

T h e r e f o r e ,   a  p a t t e r n   based   on  the  d i f f e r e n c e   of  c o l o r   t o n e  

be tween   the  c o l o r e d   p o r t i o n   and  the  n o n c o l o r e d   p o r t i o n   i s  

formed  on  the  a luminum  s u r f a c e .  

Moreove r ,   when  the  p r i m a r y   c o l o r a t i o n   t r e a t m e n t  

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

t r e a t m e n t ,   a  c o l o r e d   p a t t e r n   based  on  the  d i f f e r e n c e   b e t w e e n  

the  c o l o r   t o n e  i n   the  p r i m a r y   c o l o r a t i o n   and  the   c o l o r   tone   i n  

the  e l e c t r o l y t i c   p i g m e n t a t i o n   is  d e p i c t e d   on  the   aluminum  s u r f a c e .  

When  the  s u b s t a n c e   i n h i b i t i n g   the  c o l o r i n g   a c t i o n  

is  used  as  the  i n h i b i t i o n   s u b s t a n c e ,   the  e l e c t r o l y t i c   p i g m e n -  

t a t i o n   is  not  a d v a n c e d   too  in  the  a d h e r e d   p o r t i o n s ,   so  t h a t  

t h e r e   is  caused   a  d i f f e r e n c e   in  the  c o l o r i n g   d e g r e e   b e t w e e n  

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

a  c o l o r e d   p a t t e r n   based   on  such  a  d i f f e r e n c e   of  the  c o l o r i n g  

d e g r e e   is  d e p i c t e d   on  the  aluminum  s u r f a c e .  

In  case  of  u s i n g   the  p r o m o t i o n   s u b s t a n c e ,   the  c o l o r i n g  

d e g r e e   of  the  a d h e r e d   p o r t i o n   becomes  h i g h e r   t h a n   t h a t   of  t h e  

n o n a d h e r e d   p o r t i o n ,   so  t h a t   the  c o l o r   tone  of  the   a d h e r e d   p o r t i o n  

becomes  d e e p e r   than   t h a t   of  the  n o n a d h e r e d   p o r t i o n   or  c h a n g e s  

i n t o   a  d i f f e r e n t   c o l o r ,   whereby a   co lo r ed   p a t t e r n   is  d e p i c t e d  

on  the  a luminum  s u r f a c e .  

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   the   a c t i v i t y   o f  

the  anod ic   oxide   f i l m   is  u n i f o r m i z e d   by  the  h o t - w a t e r   r i n s i n g  

t r e a t m e n t   a f t e r   the   e l e c t r o l y t i c   t r e a t m e n t ,   so  t h a t   the  a d h e s i o n  

p r o p e r t y   of  the  c o l o r a b l e   meta l   d u r i n g   the  e l e c t r o l y t i c   p i g m e n -  

t a t i o n   is  good  and  a l s o   the  c o l o r i n g   deg ree   is  u n i f o r m   a l l  o v e r  

the  i r r e g u l a r   s u r f a c e   of  the  a luminum.   F u r t h e r ,   t h e r e   is  no  

l i m i t a t i o n   for   the  a p p l i c a t i o n   of  the  i n h i b i t i o n ' o r   p r o m o t i o n  

s u b s t a n c e   to  the  a luminum  s u r f a c e ,   so  t h a t   d e s i g n   p a t t e r n s   c a n  



f r e e l y   b e . s e l e c t e d   and  a l so   the  same  p a t t e r n   can  s u r e l y   a n d  

e a s i l y   be  r e p r o d u c e d .  

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

or  p r o m o t i o n   s u b s t a n c e   a d h e r e d   to  the  aluminum  s u r f a c e   may  b e  

l e f t   as  i t   is  or  may  be  removed  in  a c c o r d a n c e   wi th   i t s  n a t u r e .  

In  the  r emova l   of  t h i s   s u b s t a n c e ,   the  aluminum  is   s u b j e c t e d   t o  

a  h o t - w a t e r   r i n s i n g   t r e a t m e n t   or  an  i m m e r s i o n   t r e a t m e n t   in  a n  

o r g a n i c   s o l v e n t .  

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

wi th   r e f e r e n c e   to  the  f o l l o w i n g   e x a m p l e s .  

E x a m p l e  1  

Aluminum  a l l o y   A  6063  S was  d e g r e a s e d   by  i m m e r s i n g  

in  a  10  wt %  s o l u t i o n   of  n i t r i c   ac id   for   5  m i n u t e s ,   e t c h e d   b y  

i m m e r s i n g   in  a  5  wt %  s o l u t i o n   of  sodium  h y d r o x i d e   at  50°C  f o r  

8  m i n u t e s ,   and  d e s m u t t e d   by  immers ing   in  a  10  wt %  s o l u t i o n   o f  

n i t r i c   a c i d .   Then,  the  a l l uminum  a l l o y   was  a n o d i c a l l y   o x i d i z e d  

in  a  15  wt  %  s o l u t i o n   of  s u l f u r i c   ac id   at  a  ba th   t e m p e r a t u r e   o f  

2 0 ° C  u n d e r   a  c u r r e n t   d e n s i t y   of  1.0A/dm2  fo r   30  m i n u t e s   a n d  

t h e r e a f t e r   e l e c t r o l y z e d   i n  a   ba th   c o n t a i n i n g   100g /1   of  p h o s p h o -  

rous   a c i d   at  a  ba th   t e m p e r a t u r e   of  20°C  by  a p p l y i n g   a  d i r e c t  

c u r r e n t   at  10  v o l t s   fo r   4  m i n u t e s .   Next,   the  aluminum  a l l o y  

was  s u b j e c t e d   to  a  h o t - w a t e r   r i n s i n g   t r e a t m e n t   by  i m m e r s i n g   i n  

pure   wa te r   of  80°C  f o r   10  m i n u t e s ,   d r i e d   and  c l o s e l y   a d h e r e d  

wi th   a  w a t e r - s o l u b l e   t h i n   f i lm   p r e v i o u s l y   p r i n t e d   by  g r e a s e  

a c c o r d i n g   to  a  d e s i r e d   p a t t e r n   under   a ' w a t e r   p r e s s u r e ,   w h e r e b y  

g r e a s e   was  a d h e r e d   to  the  aluminum  a l l o y   s u r f a c e .   The  t h u s  

t r e a t e d   aluminum  a l l o y   was  immersed   in  pure  wa t e r   of  60°C  f o r  

15  m i n u t e s   to  remove  the  w a t e r - s o l u b l e   t h i n   f i lm  and  then   e l e c t r o -  

l y z e d   in  a  ba th   c o n t a i n i n g   1 0 g / l   of  s t a n n o u s   s u l f a t e   and  l O g / 1  

of  s u l f u r i c   a c i d   at  a  ba th   t e m p e r a t u r e   of  20°C  by  a p p l y i n g   a n  



a l t e r n a t i n g   c u r r e n t   at  25  v o l t s   for   40  s e c o n d s ,   whereby  n o n -  

a d h e r e d   p o r t i o n s   were  c o l o r e d   g r e e n .   A f t e r   the  aluminum  a l l o y  

was  immersed  in  a  b o i l i n g   wa te r   for   5  m inu t e s   to  remove  g r e a s e ,  

a  s i l v e r   g r e y - g r e e n   p a t t e r n   c o l o r e d   f i lm  was  formed  on  t h e  

aluminum  a l l o y .  

Example  2 

Aluminum  p l a t e   A  1200  P  was  s u b j e c t e d   to  p r e t r e a t m e n t  

and  anod ic   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  1  and  then   e l e c t r o l y z e d   in  a  ba th   c o n t a i n i n g   55  V/V  % 

s u l f u r i c   a c i d   at  a  ba th   t e m p e r a t u r e   of  20°C  by  u s ing   i t   as  an  

anode  and  a p p l y i n g   a  d i r e c t   c u r r e n t   at  a  v o l t a g e   of  20  v o l t s  

f o r   7  m i n u t e s .   Next ,   the  aluminum  p l a t e   was  s u b j e c t e d   to  a 

h o t - w a t e r   r i n s i n g   t r e a t m e n t   by  immers ing   in  pure  water   of  85°C 

fo r   5  m i n u t e s ,  d r i e d ,   l o c a l l y   cove red   wi th   a  masking  t ape   a n d  

e l e c t r o l y z e d   in  a  ba th   c o n t a i n i n g   3 0 g / l   of  n i c k e l  s u l f a t e   a n d  

40g/1  of  b o r i c   a c i d   at  a  b a t h  t e m p e r a t u r e   of  20°C  by  u s i n g   i t  

as  a  c a t h o d e   at  a  v o l t a g e   of  15  v o l t s   fo r   30  s e c o n d s ,   w h e r e b y  

the  n o n c o v e r e d   p o r t i o n s   were  c o l o r e d   lemon  go ld .   A f t e r   t h e  

r emova l   of  the  masking   t a p e ,   a  b e a u t i f u l   s i l v e r   g r e y - l e m o n   g o l d  

p a t t e r n   c o l o r e d   f i l m   was  formed  on  the  aluminum  p l a t e .  

Example.  3 

Aluminum  a l l o y   A  6063  S  was  s u b j e c t e d   to  p r e t r e a t m e n t  

and  anod ic   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  1  and  e l e c t r o l y z e d   in  a  bath  c o n t a i n i n g   150g /1   o f  

s u l f u r i c   amide  and  5 0 g / l   of  p y r o p h o s p h o r i c   ac id   at  a  ba th   t e m p e -  

r a t u r e   of  25°C  by  a p p l i n g   a  d i r e c t   c u r r e n t   at  15  v o l t s   f o r   5 

m i n u t e s .   Then,  the  aluminum  a l l o y   was  s u b j e c t e d   to  a  h o t - w a t e r  

r i n s i n g   t r e a t m e n t   by  i m m e r s i n g   in  pure  wa te r   of  70°C  for   3  m i n u t e s ,  

d r i e d ,   a d h e r e d   wi th   a  mixed  s o l u t i o n   of  d i b u t y l   a c e t a t e   a n d  

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



bath   c o n t a i n i n g   1 0 g / l   of  manganese   s u l f a t e   and  10  m l / l   o f  

h y d r o g e n   p e r o x i d e   at  a  ba th   t e m p e r a t u r e   of  20°C  by  u s ing   i t  

as  a  c a t h o d e   at  a  v o l t a g e   of  40  v o l t s   fo r   90  s e c o n d s ,   w h e r e b y  

the  n o n a d h e r e d   p o r t i o n s   were  c o l o r e d   b r i c k   r ed .   A f t e r   t h e  

a d h e r e d   s u b s t a n c e   was  removed  by  immers ing   in  pure  wa te r   o f  

100°C  fo r   5  m i n u t e s ,   a  s i l v e r   g rey -   b r i c k   red  p a t t e r n   c o l o r e d  

f i l m   was  formed  on  the  aluminum  a l l o y .  

E x a m p l e  4  

Aluminum  p l a t e   A  1100  P was  s u b j e c t e d   p r e t r e a t m e n t  

and  a n o d i c   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  1  and  e l e c t r o l y z e d   in  a  bath  c o n t a i n i n g   150g/1   o f  

p h o s p h o r o u s   ac id   and  3 0 g / l   of  t a r t a r i c   a c i d   at  a  ba th   t e m p e r a -  

t u r e   of  20°C  by  u s i n g   i t   as  an  anode  and  a p p l y i n g   a  d i r e c t  

c u r r e n t   at  15  v o l t s   f o r   2  m i n u t e s .   Then,  the  aluminum  p l a t e  

was  s u b j e c t e d   to  a  h o t - w a t e r   r i n s i n g   t r e a t m e n t   by  immers ing   i n  

pure   wa te r   of  80°C  f o r   4  m i n u t e s ,   d r i e d ,   a d h e r e d   wi th   a  r e s i s t  

i n k  b y   a  s c r e e n   p r i n t i n g   p r o c e s s   a c c o r d i n g   to  a  d e s i r e d   p a t t e r n  

and  a n o d i c a l l y   e l e c t r o l y z e d   in  a  ba th   c o n t a i n i n g   1 0 0 g / l   o f  s u l f o -  

s a l i c y l i c   ac id   and  5g/1  of  s u l f u r i c   ac id   at  a  ba th   t e m p e r a t u r e  

of  20°C  at  a  c u r r e n t   d e n s i t y   of  2.0  A/dm2 for  20  m i n u t e s ,   w h e r e b y  

the  n o n a d h e r e d   p o r t i o n s   were  c o l o r e d   g r e e n i s h   amber .   A f t e r   t h e  

r e s i s t   ink  was  removed  wi th   an  o r g a n i c   s o l v e n t ,   a  s i l v e r   g r e y -  

g r e e n i s h   amber  p a t t e r n   c o l o r e d   f i lm   was  formed  on  the  a l u m i n u m  

p l a t e .  

Example  5 

Aluminum  a l l o y   A  6063  S  was  s u b j e c t e d   to  p r e t r e a t m e n t  

and  a n o d i c   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  1  and  e l e c t r o l y z e d   in  bath  c o n t a i n i n g   50g/1  of  ammo- 

nium  p h o s p h a t e   and  50g/1   of  chromic   ac id   at  a  ba th   t e m p e r a t u r e  

of  15°C  by  a p p l y i n g   an  a l t e r n a t i n g   c u r r e n t   at  25  v o l t s   fo r   3 



m i n u t e s .   Then,  the  aluminum  a l l o y   was  s u b j e c t e d   to  a  h o t - w a t e r  

r i n s i n g   t r e a t m e n t   by  i m m e r s i n g   in  pure  wate r   of  90°C  for   3 

m i n u t e s ,   d r i e d   and  c o a t e d   wi th   a  c l e a r   l a c q u e r   a c c o r d i n g   to  a  

d e s i r e d   p a t t e r n .   T h e r e a f t e r ,   the  aluminum  a l l o y   was  e l e c t r o -  

l y z e d   in  a  ba th   c o n t a i n i n g   3 0 g / l   of  copper   s u l f a t e   and  5g/1  o f  

s u l f u r i c   ac id   at  a  ba th   t e m p e r a t u r e   of  25°C  by  a p p l y i n g   a n  

a l t e r n a t i n g   c u r r e n t  a t  2 0   v o l t s   fo r   2  m i n u t e s ,   whereby  the  n o n -  

a d h e r e d   p o r t i o n s   were  c o l o r e d   copper   red .   A f t e r   the  a l u m i n u m  

a l l o y   was  c o a t e d   wi th   a  c l e a r   l a c q u e r   over  a  whole  s u r f a c e ,   a  

b e a u t i f u l   s i l v e r   g r e y - c o p p e r   red  p a t t e r n   c o l o r e d   f i lm   was  f o r m e d  

on  the  aluminum  a l l o y .  

Example  6 

Alluminum  a l l o y   A  6063  S  was  s u b j e c t e d   to  p r e t r e a t m e n t  

and  a n o d i c   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  1  and  e l e c t r o l y z e d   in  a  ba th   c o n t a i n i n g   150g/1   o f  

p h o s p h o r o u s   a c i d   at  a  ba th   t e m p e r a t u r e   of  20°C  by  a p p l y i n g   a  

d i r e c t   c u r r e n t   at  30  v o l t s   f o r   3  m i n u t e s .   Then,  the  a l u m i n u m  

a l l o y   was  s u b j e c t e d   to  a  h o t - w a t e r   r i n s i n g   t r e a t m e n t   by  i m m e r s i n g  

in  pure  wa te r   of  80°C  f o r  4   m i n u t e s ,   d r i e d   and  p r i n t e d   wi th   a  

p a s t e   of  t a r t a r i c   ac id   by  a  s c r e e n   p r i n t i n g   p r o c e s s   a c c o r d i n g  

to  a  d e s i r e d   p a t t e r n .   T h e r e a f t e r ,   t h e ' a l u m i n u m   a l l o y   was 

e l e c t r o l y z e d   in  a  ba th   c o n t a i n i n g   1 0 g / l   of  s t a n n o u s   s u l f a t e ,  

3 0 g / l   of  n i c k e l   s u l f a t e   and  2 0 g / l   of  c r e s o l   s u l f o n i c   ac id   a t  

a  bath  t e m p e r a t u r e   of  20°C  by  a p p l y i n g   an  a l t e r n a t i n g   c u r r e n t  

at  13  v o l t s   fo r   3  m i n u t e s ,   whereby  the  p a s t e   a d h e r e d   p o r t i o n s  

were  c o l o r e d   g r e e n i s h   amber  and  the  n o n a d h e r e d   p o r t i o n s   w e r e  

c o l o r e d   gold  to  form  a  b e a u t i f u l   p a t t e r n   c o l o r e d   f i lm  on  t h e  

aluminum  a l l o y .  

Example  7 

Alluminum  a l l o y   A  6063  S  was  d e g r e a s e d   by  i m m e r s i n g  



in  a  10  wt %  s o l u t i o n   of  n i t r i c   a c i d ,   e t c h e d ' b y   i m m e r s i n g   i n  

a  5  wt  %  s o l u t i o n   of  sodium  h y d r o x i d e   at  50°C  fo r   10  m i n u t e s ,  

and  d e s m u t t e d   by  i m m e r s i n g   in  a  10  wt  %  s o l u t i o n   of  n i t r i c   a c i d .  

Then,  the  aluminum  a l l o y   was  a n o d i c a l l y   o x i d i z e d   in  a  15  wt   % 

s o l u t i o n   of  s u l f u r i c   ac id   at  a  ba th   t e m p e r a t u r e   of  20°C  u n d e r  

a  c u r r e n t   d e n s i t y   of  1.0  A/dm2 for  30  m i n u t e s   and  e l e c t r o l y z e d  

in  a  ba th   c o n t a i n i n g   100g /1   of  p h o s p h o r u s   a c i d   at  a  ba th   t e m p e -  

r a t u r e   of  20°C  by  a p p l y i n g   a  d i r e c t   c u r r e n t   at  20  v o l t s   f o r   3 

m i n u t e s .   T h e r e a f t e r ,   the  aluminum  a l l o y   was  e l e c t r o l y z e d   in  a  

ba th   c o n t a i n i n g   3 0 g / l   of  n i c k e l   s u l f a t e   and  3 0 g / l   of  b o r i c   a c i d  

at  a  ba th   t e m p e r a t u r e   of  20°C  by  a p p l y i n g   an  a l t e r n a t i n g   c u r r e n t  

at  10  v o l t s   fo r   1  m i n u t e ,   whereby  the  a n o d i c   ox ide   f i l m   was  

c o l o r e d   g r e y i s h   b l u e .   Next ,   the  aluminum  a l l o y   was  s u b j e c t e d  

to  a  h o t - w a t e r   r i n s i n g   t r e a t m e n t   by  immers ing   in  pure  w a t e r   o f  

8 0 ° C  f o r   10  m i n u t e s ,   d r i e d   and  a d h e r e d   wi th   g l y c e r i n   a c c o r d i n g  

to  a  d e s i r e d   p a t t e r n .   Then,  the  aluminum  a l l o y   was  e l e c t r o l y z e d  

in  a  ba th   c o n t a i n i n g   30g/1   of  n i c k e l   s u l f a t e   and  30g/1   of  b o r i c  

a c i d  a t   a  ba th   t e m p e r a t u r e   of  20°C  by  a p p l y i n g   an  a l t e r n a t i n g  

c u r r e n t   at  15  v o l t s   fo r   5  m i n u t e s ,   wherby  the  n o n a d h e r e d   p o r t i o n s  

were  c o l o r e d   dark   b r o n z e .   A f t e r   g l y c e r i n   was  removed  b y  r i n s i n g  

.with   pure  wa te r   of  90°C  fo r   15  m i n u t e s ,   a  g r e y i s h   b l u e - d a r k  

b ronze   p a t t e r n   c .o lored   f i l m   was  formed  on  the  a luminum  a l l o y .  

Example  8 

Aluminum  a l l o y   A  6063  S  was  s u b j e c t e d   to  p r e t r e a t m e n t  

and  a n o d i c   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  1  and  e l e c t r o l y z e d   in  a  ba th   c o n t a i n i n g   200g/1   o f  

o r t h o p h o s p h o r i c   ac id   and  5g/1  of  o x a l i c   ac id   at  a  ba th   t e m p e r a -  

t u r e   of  25°C  by  a p p l y i n g   an  a l t e r n a t i n g   c u r r e n t   at  15  v o l t s   f o r  

5  m i n u t e s .   Then,  the  aluminum  a l l o y   was  e l e c t r o l y z e d   in  a  b a t h  

c o n t a i n i n g   2 0 g / l   of  manganese   s u l f a t e   and  20  ml / I   of  h y d r o g e n  



p e r o x i d e   at  a  ba th   t e m p e r a t u r e   of  20°C  by  us ing   i t   as  a 

c a t h o d e   and  a p p l y i n g   a  d i r e c t   c u r r e n t   at  30  v o l t s   for   1  m i n u t e ,  

whereby  the  anod ic   oxide   f i lm  was  c o l o r e d   y e l l o w .   T h e r e a f t e r ,  

the  aluminum  a l l o y   was  s u b j e c t e d   to  a  h o t - w a t e r   r i n s i n g   t r e a t -  

ment  by  i m m e r s i n g   in  pure  wa te r   of  80°C  fo r   10  m i n u t e s ,   d r i e d  

and  c l o s e l y   a d h e r e d   wi th   a  w a t e r - s o l u b l e   t h i n   f i lm  p r e v i o u s l y  

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

under   a  wa te r   p r e s s u r e ,   w h e r e b y  d i m e t h y l   p h t h a l a t e   was  a d h e r e d  

to  the  aluminum  a l l o y   s u r f a c e .   Next,  the  aluminum  a l l o y   was 

immersed   in  pure  wa t e r   of  80cC  for   20  m i n u t e s   to  remove  t h e  

w a t e r - s o l u b l e   t h i n   f i l m ,   d r i e d   and  e l e c t r o l y z e d   in  a  ba th   c o n -  

t a i n i n g   20g /1   of  manganese   s u l f a t e   and  2 0 m l / l   of  h y d r o g e n   p e r o x i d e  

at  a  b a t h   t e m p e r a t u r e   of  20°C  u s i n g   i t   as  a  c a t h o d e   a n d  b y   a p p l y i n g  

a  d i r e c t   c u r r e n t   at  50  v o l t s   f o r   2  m i n u t e s ,   whereby   the   n o n a d h e r e d  

p o r t i o n s   were  c o l o r e d   dark   brown.  A f t e r   the   aluminum  a l l o y  w a s  

immersed  in  pure  w a t e r   of  80°C  for   10  m i n u t e s   to  remove  d i m e t h y l  

p h t h a l a t e   and  c o a t e d   wi th   a  c l e a r   l a c q u e r ,   a  b e a u t i f u l   y e l l o w -  

dark  brown  p a t t e r n   c o l o r e d   f i lm   was  formed  o n  t h e   a l u m i n u m  a l l o y .  

E x a m p l e  9  

Aluminum  p l a t e  A   1200  P  was  s u b j e c t e d   to  p r e t r e a t m e n t  

and  anod ic   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  7,  e l e c t r o l y z e d   in  a  bath  c o n t a i n i n g   50  V/V %  s u l f u -  

r i c   ac id   at  a  ba th   t e m p e r a t u r e   of  15°C  by  a p p l y i n g   a  d i r e c t  

c u r r e n t   at  10  v o l t s   fo r   7  m i n u t e s   and  f u r t h e r  e l e c t r o l y z e d   i n  

a  ba th   c o n t a i n i n g   40g/1  of  n i c k e l   s u l f a t e   and  40g/1  of  b o r i c  

ac id   at  a  ba th   t e m p e r a t u r e   of  20°C  by  u s i n g   i t   as  a  c a t h o d e   a n d  

a p p l y i n g   a  d i r e c t   c u r e n t   at  20  v o l t s   for   1  m i n u t e ,   whereby ,   t h e  

anod ic   oxide   f i lm   was  c o l o r e d   go ld .   Then,  the   aluminum  p l a t e  

was  s u b j e c t e d   to  a  h o t - w a t e r   r i n s i n g   t r e a t m e n t   by  i m m e r s i n g   i n  

pure  wa te r   of  100°C  fo r   5  m i n u t e s ,   d r i e d   and  c o a t e d   with  a 



c l e a r   l a c q u e r   by  s c r e e n   p r i n t i n g   p r o c e s s   a c c o r d i n g   to  a  

d e s i r e d   p a t t e r n .  

Next ,   the  aluminum  p l a t e   was  e l e c t r o l y z e d   in  a  

ba th   c o n t a i n i n g   1 0 g / l  o f   s t a n n o u s  s u l f a t e   and  1 0 g / l   of  s u l f u r i c  

a c i d   at  a  ba th   t e m p e r a t u r e   of  20°C  by  a p p l y i n g   an  a l t e r n a t i n g  

c u r r e n t . a t   20  v o l t s   for   5  m i n u t e s ,   whereby  the  n o n a d h e r e d   p o r -  

t i o n s   were  c o l o r e d   b l a c k .   A f t e r   the  aluminum  p l a t e   was  i m m e r s e d  

in  pure  w a t e r   of  80°C  for   10  m inu t e s   and  c o a t e d   wi th   a  c l e a r  

l a c q u e r   over  a  whole  s u r f a c e ,   a  b e a u t i f u l   g o l d - b l a c k   p a t t e r n  

c o l o r e d   f i lm  was  formed  on  the  aluminum  p l a t e .  

Example  10  

Aluminum  a l l o y   A  6 0 6 3 S w a s   s u b j e c t e d   to  p r e t r e a t m e n t  

and  a n o d i c   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  7,  e l e c t r o l y z e d   in  a  ba th   c o n t a i n i n g   100g /1   o f  

c h r o n i c   a c i d   and  5g/1  of  s u l f u r i c - a c i d   at  a  ba th   t e m p e r a t u r e  

of  25°C  by  u s i n g   i t   as  an  anode  and  a p p l y i n g   a  d i r e c t   c u r r e n t  

at  35  v o l t s ,   and  f u r t h e r   e l e c t r o l y z e d   in  a  ba th   c o n t a i n i n g   4 0 g / l  

of  c o b a l t   s u l f a t e   and  3 0 g / l   of  b o r i c   ac id   a t  a   ba th   t e m p e r a t u r e  

of  20°C  by  u s i n g   i t   as  a  c a t h o d e   and  a p p l y i n g   a  d i r e c t   c u r r e n t  

at  18  v o l t s   f o r   3  m i n u t e s ,   whereby  the  a n o d i c   ox ide   f i l m   was  

c o l o r e d   y e l l o w i s h   b r o n z e .   T h e r e a f t e r ,   the  a luminum  a l l o y   was  

s u b j e c t e d   t o  a   h o t - w a t e r   r i n s i n g   t r e a t m e n t   by  i m m e r s i n g   in  p u r e  

w a t e r   of  70°C  fo r   8  m i n u t e s ,   d r i e d   and  l o c a l l y   a d h e r e d   w i th   a  

r e s i s t   i n k .   Then,  the   aluminum  a l l o y   was  e l e c t r o l y z e d   in  a  

ba th   c o n t a i n i n g   3 0 g / l   o f  c o b a l t   s u l f a t e  a n d   2 0 m l / l   of  h y d r o g e n  

p e r o x i d e   at  a  ba th   t e m p e a t u r e   by  us ing   i t   as  a  c a t h o d e   and  a p p l y -  

i h g  a   d i r e c t   c u r r e n t   at  40  v o l t s   for   5  m i n u t e s ,   whereby  t h e  

n o n a d h e r e d   p o r t i o n s   were  c o l o r e d   b r i c k   r ed .   A f t e r   the  r e s i s t  

ink  was  removed  wi th   an  o r g a n i c   s o l v e n t ,   a  y e l l o w i s h   b r o n z e -  

b r i c k   red  p a t t e r n   c o l o r e d   f i lm  was  formed  on  the  aluminum  a l l o y .  



Example  11 

Aluminum  p l a t e   A  1100  P was  s u b j e c t e d   to  p r e t r e a t m e n t  

and  a n o d i c   o x i d a t i o n   t r e a t m e n t   in  the  same  manner  as  d e s c r i b e d  

in  Example  7,  e l e c t r o l y z e d   in  a  bath  c o n t a i n i n g   80g/1  of  s u l -  

f u r i c   amide  and  50g/1  of  p y r o p h o s p h o r i c   ac id   at  a  bath  t e m p e -  

r a t u r e   of  20°C  by  a p p l y i n g   an  a l t e r n a t i n g   c u r r e n t   at  20  v o l t s  

fo r   3  m i n u t e s   and  immersed  in  an  aqueous   s o l u t i o n   of  1 0 g / l  

of  ammonium  f e r r i c   o x a l a t e   at  50°C  for   1  m i n u t e ,   whereby  t h e  

a n o d i c   oxide   f i lm  was  dyed  go ld .   T h e r e a f t e r   the  aluminum  p l a t e  

was  s u b j e c t e d   to  a  h o t - w a t e r   r i n s i n g   t r e a t m e n t   by  immers ing   i n  

pure  wa t e r   of  90°C  fo r   5  m i n u t e s ,   d r i e d   and  l o c a l l y   a d h e r e d  

wi th   a  masking   t a p e .   Then,  the  aluminum  p l a t e   was  e l e c t r o l y z e d  

in  a  ba th   c o n t a i n i n g   30g/1  of  n i c k e l   s u l f a t e ,   l g / 1   of  s t a n n o u s  

s u l f a t e   and  3 g / l   of  t a r t a r i c   ac id   at  a  ba th   t e m p e r a t u r e   o f  

20°C  by  a p p l y i n g   an  a l t e r n a t i n g  c u r r e n t   at  10  v o l t s   for   3 

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

A f t e r   the  r emova l   of  the   masking   t a p e ,   a  b e a u t i f u l   g o l d - p u r p l e  

p a t t e r n   c o l o r e d   f i l m   was  formed  on  the  aluminum  p l a t e .  



1.  A  method   of  t r e a t i n g   a  s u r f a c e   of  a luminum  t o  
form  a  p a t t e r n   t h e r e o n ,   c h a r a c t e r i z e d   in  t h a t   t h e  

a luminum  a f t e r   a n o d i c   o x i d a t i o n   t r e a t m e n t   is  e l e c t r o -  

l y z e d   in  a  b a t h   c o n t a i n i n g   a t   l e a s t   one  s u b s t a n c e  
s e l e c t e d   from  o r g a n i c   a c i d s   h a v i n g   a  h y d r o x y l   o r  

c a r b o x y l   g roup ,   o r t h o p h o s p h o r i c   a c i d ,   p y r o p h o s p h o r i c  
a c i d ,   c h r o m i c   a c i d ,   p h o s p h o r o u s   a c i d ,   s u l f u r i c   a m i d e ,  
h i g h l y   c o n c e n t r a t e d   s u l f u r i c   a c i d   of  no t   l e s s   t h a n  
40  V/V  96  and  s a l t s   t h e r e o f ,   s u b j e c t e d   to  a  h o t - w a t e r  

r i n s i n g   t r e a t m e n t ,   has  a d h e r e d   to  i t s   d r i e d   s u r f a c e  

a  s u b s t a n c e   which   c o n t r i b u t e s   to  the   f o r m a t i o n   of  t h e  

p a t t e r n   a t   a  s u b s e q u e n t   e l e c t r o l y t i c   p i g m e n t a t i o n   a n d  
is  t h e n   s u b j e c t e d   to  an  e l e c t r o l y t i c   p i g m e n t a t i o n ,  
whereby   a  p a t t e r n   b a s e d   on  the   d i f f e r e n c e   of  c o l o r   t o n e  
b e t w e e n   t he   a d h e r e d   p o r t i o n   and  the  n o n a d h e r e d   p o r t i o n  
is  fo rmed  on  the  s u r f a c e   of  the   a l u m i n u m .  

2.  The  method   a c c o r d i n g   to  c l a im   1,  w h e r e i n   s a i d  
aluminum  is  s u b j e c t e d   to  a  p r i m a r y   c o l o r a t i o n   t r e a t m e n t  
b e t w e e n   s a i d   e l e c t r o l y t i c   t r e a t m e n t   and  h o t - w a t e r   r i n s i n g  
t r e a t m e n t .  

3.  The  method   a c c o r d i n g   to  c l a im  1  or  2 , . w h e r e i n   s a i d  
s u b s t a n c e   c o n t r i b u t i n g   to  the   f o r m a t i o n   of  p r o p e r   p a t t e r n  
is   a  s u b s t a n c e   c a p a b l e   of  i n h i b i t i n g   s a i d   s u b s e q u e n t  
e l e c t r o l y t i c   p i g m e n t a t i o n .  

.4 .   The  method  a c c o r d i n g   to  c l a im  3,  w h e r e i n   s a i d  
s u b s t a n c e   is   a  s u b s t a n c e   f l o w i n g   no  e l e c t r i c   c u r r e n t   a t  

e l e c t r o l y t i c   p i g m e n t a t i o n   s t ep   s e l e c t e d   from  k a o l i n ,  
d i b u t y l ,   p h t h a l a t e ,   a c e t a t e ,   g l y c e r i n ,   e t h y l e n e   g l y c o l  
h i g h e r   f a t t y   a c i d   e s t e r ,   r e s i s t   ink  and  s y n t h e t i c   r e s i n .  
5.  The  method  a c c o r d i n g   to  c l a im  3,  w h e r e i n   s a i d   s u b -  
s t a n c e  i s   a  s u b s t a n c e   i n h i b i t i n g   a  c o l o r i n g   a c t i o n   s e l e c t e d  
f r o m ,  a q u e o u s   s o l u t i o n   and  p a s t e s   of  sodium  h y d r o x i d e ,  

p o t a s s i u m   h y d r o x i d e ,   ammonia  w a t e r ,   n i t r i c   a c i d ,   s o d i u m  

n i t r a t e ,   sodium  s u l f a t e ,   ammonium  s u l f a t e   and  p o t a s s i u m  
s u l f a t e .  
6.  The  method  a c c o r d i n g   to  c l a im  3,  w h e r e i n   s a i d  

s u b s t a n c e   is   a  m a s k i n g   t a p e .  



7.  The  method  a c c o r d i n g   to  c la im  1 ,  w h e r e i n   s a i d  
s u b s t a n c e   c o n t r i b u t i n g   to  the   f o r m a t i o n   of  p r o p e r   p a t t e r n  
is   a  s u b s t a n c e   c a p a b l e   of  p r o m o t i n g   s a i d   s u b s e q u e n t  

e l e c t r o l y t i c   p i g m e n t a t i o n .  
8.  The  method   a c c o r d i n g   to  c la im  7,  w h e r e i n   s a i d  

s u b s t a n c e   i s   s e l e c t e d   from  aqueous   s o l u t i o n   and  p a s t e s  
of  c o n c e n t r a t e d   s u l f u r i c   a c i d ,   p h o s p h o r i c   a c i d ,   p h o s -  

p h o r o u s   a c i d ,   s u l f u r i c   amide,   c a r b o x y l i c   a c i d   a n d  

o x y c a r b o x y l i c   a c i d .  
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