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@  Process  for  sealing  anodised  aluminium. 

  Processes  for  sealing  anodised  aluminium  carried  out  in  a 
bath  having  a  pH  of  at  least  7  and  in  the  presence  of  a  smut,in- 
hibiting  additive  have  been  discovered  to  give  rapid,  efficient 
sealing  without the  formation  of  bloom.  Examples  of  smut-inhi- 
biting  additives  are  phosphonates,  benzene  hexacarboxylic 
acid,  and  the  reaction  products  of  an  aldehyde  or  dimethylol 
urea  with  sulphonated  aromatic  compounds.  The  reduction  in 
time  required  for  sealing  reduces  energy  consumption  in  the 
anodising  operation. 



This  i n v e n t i o n   r e l a t e s   to  novel  p r o c e s s e s   for  the  t r e a t m e n t  

of  anodised   aluminium  s u r f a c e s   by  immersing  them  in  aqueous  l i q u o r s ,  

and  to  novel  c o m p o s i t i o n s   for  a d d i t i o n   to  said  l i q u o r s ,   and  to  novel  

l i q u o r s   in  which  the  aluminium  is  immersed .  

The  r e s i s t a n c e   of  the  s u r f a c e   of  aluminium  and  a l u m i n i u m  

a l loys   to  c o r r o s i o n   and  ab ra s ion   is  c o n v e n t i o n a l l y   improved  by 

s u b j e c t i n g   them  to  anodic  o x i d a t i o n   so  as  to  form a   s u b s t a n t i a l l y  

anhydrous  l aye r   of  adhe ren t   aluminium  oxide.   Su r faces   which  h a v e  

been  s u b j e c t e d   to  t h i s   t r e a t m e n t   are  r e f e r r e d   to  as  having  been 

" a n o d i s e d " .   The  anod i s ing   t r e a t m e n t   can  be  c a r r i e d   out  in  a  v a r i e t y  

of  ways,  for  example,   by  the  a p p l i c a t i o n   of  d i r e c t   c u r r e n t   i n  

d i l u t e   aqueous  s o l u t i o n s   of  s u l p h u r i c   ac id ,   or  o rgan ic   acids   such  a s  

o x a l i c   acid  or  mix tures   t h e r e o f   with  s u l p h u r i c   ac id .   These  c o a t i n g s  

can  be  co lou red   by  immersion  in  a  s o l u t i o n   of  a  s u i t a b l e  d y e   or  by 

t r e a t m e n t   with  a l t e r n a t i n g   c u r r e n t   in  an  e l e c t r o l y t e   c o n t a i n i n g  

metal  saltsW-  A l t e r n a t i v e l y ,   the  a n o d i s i n g   can  be  c a r r i e d   out  i n  

s o l u t i o n s   of  o rganic   ac ids   such  a s  s u l p h o p h t h a l i c   acid  o r  

s u l p h o s a l i c y l i c  a c i d   or  mix tu res   t h e r e o f   with  s u l p h u r i c   a c i d .  

The  o x i d i s e d   l aye r   formed  by  these   a n o d i s i n g   t r e a t m e n t s   has  a 

porous  s t r u c t u r e   and  is  i n s u f f i c i e n t l y   du rab le   to  f u l l y   p r o t e c t   t h e  

metal  s u r f a c e .   For  t h i s   reason  the  anodised   metal  is  u s u a l l y  

s u b j e c t e d   to  a  f u r t h e r   t r e a t m e n t   known  as  s e a l i n g .   Sea l i ng   i s  

u s u a l l y   c a r r i e d   out  by  immersing  the  metal  in  hot  or  b o i l i n g   w a t e r ,  

which  process   is  b e l i e v e d   to  cause  the  h y d r a t i o n   of  t h e  

s u b s t a n t i a l l y   anhydrous  aluminium  oxide  in  the  anodised   l aye r   t h u s  

c a u s i n g  a   swe l l i ng   of  t h a t   l a y e r   which  serves   to  seal  the  pores  i n  

i t s   s t r u c t u r e .   Whatever  the  mechanism,  the  d u r a b i l i t y   of  t h e  

anodised   s u r f a c e s   is  c o n s i d e r a b l y   i n c r e a s e d  b y   s e a l i n g .  



One  a t t e n d a n t   d i s a d v a n t a g e   of  s e a t i n g   p roces se s   is  t h a t   t h e  

t r e a t m e n t   a f f e c t s   not  only  the  pores  in  the  oxide  l aye r   but  a l s o  

the  s u r f a c e   of  t h a t   l a y e r .   Sea led   s u r f a c e s   tend  to  have  a  l aye r   o f  

l o o s e l y   a d h e r e n t   m a t e r i a l   formed  at  t h e i r   s u r f a c e ,   which  l aye r   i s  

v i s u a l l y   u n a t t r a c t i v e   and  also  d e t r a c t s   from  the  useful   p r o p e r t i e s  

of  the  me ta l .   This  s u r f a c e   l a y e r   which  is  commonly  termed  "smut"  i s  

u s u a l l y   removed  p r i o r   to  sa le   by  mechanical   or  chemical  t r e a t m e n t .  

The  use  of  an  a l k a l i n e   s e a l i n g   bath  is  known  to  s i g n i f i c a n t l y  

a c c e l e r a t e   the  s e a t i n g   p r o c e s s ,   but  the  problem  of  smut  f o r m a t i o n  

worsens  as  the  a l k a l i n i t y   i n c r e a s e s   and  s e a l i n g   is  normal ly   c a r r i e d  

out  in  baths   which  are  s l i g h t l y   a c i d i c ,   e .g .   the  pH  of  a  s e a l i n g  

bath  is  normal ly   m a i n t a i n e d   w i th in   the  range  5.5  to  6.5  and  s e a l i n g  

times  of  from  2  to  4  minu tes   per  micron  of  t h i c k n e s s   of  the  a n o d i s e d  

l a y e r   are  r e q u i r e d   to  ob t a in   adequa te   s e a l i n g .   Recen t ly   in  an 

a t t e m p t   to  overcome  the  problem  of  smut  fo rmat ion   a  v a r i e t y   o f  

a d d i t i v e s   to  the  s e a l i n g   bath  which  are  c laimed  to  i n h i b i t   t h e  

f o r m a t i o n   of  smut  have  been  d e s c r i b e d ,   which  a d d i t i v e s   w i l l  

h e r e i n a f t e r   be  r e f e r r e d   to  as  " a n t i - s m u t t i n g   a d d i t i v e s " .   Examples  

of  a n t i - s m u t t i n g   a d d i t i v e s   are  the  compounds  d i s c l o s e d   in  B r i t i s h  

P a t e n t s   1265424,  1302288,  1368336,  1398589,1419597,   1574161  a n d  

B r i t i s h   P a t e n t   A p p l i c a t i o n   2104921 .  

We  have  now  d i s c o v e r e d   t h a t   the  s e a t i n g   of  anodised   c o a t i n g s  

can  be  c a r r i e d   out  r a p i d l y ,   e f f i c i e n t l y   and  w i thou t   any  s i g n i f i c a n t  

smut  f o r m a t i o n   by  immersing  the  anod i sed   s u r f a c e   in  an  aqueous  
medium  c o n t a i n i n g   at  l e a s t   one  s e l e c t e d   smut  i n h i b i t i n g   a d d i t i v e  

and  having  a  pH  o f  a t   l e a s t   7 .0 .   A c c o r d i n g l y ,   from  one  a spec t   o u r  

i n v e n t i o n   p rov ides   a  method  for  t r e a t i n g   the  s u r f a c e   of  a n o d i s e d  

aluminium  which  compr ises   immersing  said  s u r f a c e   in  an  aqueous  
medium  having  a  pH  of  at  l e a s t   7.0  and  an  e f f e c t i v e   q u a n t i t y   of  a t  

l e a s t   o n e  s m u t - i n h i b i t i n g   a d d i t i v e .  



The  a d d i t i v e s   which  are  useful   in  the  p r o c e s s e s   of  t h i s  

i n v e n t i o n   are  " a n t i - s m u t t i n g   a d d i t i v e s "   in  t ha t   they  are  s e l e c t e d   so 

as  to  avoid  the  fo rmat ion   of  smut  dur ing  the  novel  a l k a l i n e   s e a l i n g  

p r o c e s s e s .   They  are  d i s t i n g u i s h e d   from  the  known  " a n t i - s m u t t i n g  

a d d i t i v e s "   in  tha t   not  all  of  the  known  a d d i t i v e s   are  e f f e c t i v e   i n  

the  novel  a l k a l i n e   s e a l i n g   p r o c e s s e s  a n d   in  t ha t   the  s m u t - i n h i b i t i n g  

a d d i t i v e s   need  not  be  e f f e c t i v e   as  a n t i - s m u t t i n g   a d d i t i v e s   in  t h e  

a c i d i c   s e a l i n g   p r o c e s s e s   of  the  p r i o r   a r t .   For  reasons   of  c l a r i t y  

the  term  " s m u t - i n h i b i t i n g   a d d i t i v e s "   will  be  used  h e r e a f t e r   i n  

r e l a t i o n   to  those  a d d i t i v e s   which  are  e f f e c t i v e   in  the  novel  s e a l i n g  

p roces se s   of  t h i s   i n v e n t i o n .  

The  s e a l i n g   p r o c e s s e s   of  the  p r e s e n t   i n v e n t i o n   are  a d v a n t a g e o u s  

in  t ha t   they  are  c a r r i e d   out  under  such  c o n d i t i o n s   tha t   a  s e a l e d  

c o a t i n g   of  a c c e p t a b l e   q u a l i t y   which  is  f ree   from  smut  is  ob t a ined   i n  

a  s h o r t e r   time  than  is  a t t a i n a b l e   using  comparable   known  s e a l i n g  

p r o c e s s e s .   Since  the  s e a l i n g   bath  must  be  m a i n t a i n e d   at  an  e l e v a t e d  

t e m p e r a t u r e   the  energy  r e q u i r e m e n t   of  the  p rocess   is  c o n s i d e r a b l y  

reduced  w i thou t   the  need  to  c h e m i c a l l y   or  m e c h a n i c a l l y   remove  t h e  

smut.  The  p r e s e n t   i n v e n t i o n   p rov ides   s e a l i n g   p r o c e s s e s   w h e r e i n  

s a t i s f a c t o r y   s e a l i n g   is  ach ieved   in  l e s s   than  1.5  minutes   p e r  
micron  of  t h i c k n e s s   of  the  anodised   l a y e r ,   p r e f e r a b l y   less   than  1 . 2 5  

and  more  p r e f e r a b l y   less  than  1.00  minutes   per  micron  at  b a t h  

t e m p e r a t u r e s   of  950C  or  above.  The  ra te   of  s e a l i n g   may  be  l e s s  

than  th i s   if  the  p r o c e s s e s   are  c a r r i e d   out  at  t e m p e r a t u r e s   of  l e s s  

than  95°C.  Genera l ly   the  t e m p e r a t u r e   of  the  s e a l i n g   bath  will  be  

a t   l e a s t   80°C  s ince  the  ra te   of  s e a l i n g   at  lower  t e m p e r a t u r e s   t h a n  

th i s   is  u n a c c e p t a b l y   slow.  The  s e a l i n g   t e m p e r a t u r e   is  p r e f e r a b l y  

between  95°C  and  the  b o i l i n g  p o i n t   of  the  bath.   P r e s s u r i s e d  

systems  in  which  the  t e m p e r a t u r e   may  be  above  100°C,  e .g.   1100C 

or  even  1150C  may  be  emp loyed .  



The  p r o c e s s e s   of  the  p r e s e n t   i n v e n t i o n   are  c a r r i e d   out  u n d e r  

such  c o n d i t i o n s   t h a t   no  smut  is  formed  dur ing  the  s e a l i n g   s tep .   A 

s m u t - f r e e   p roduc t   is  one  upon  which  no  smut  is  v i s u a l l y   d e t e c t a b l e .  

P roduc t s   which  are  deemed  u s m u t - f r e e "   may  car ry   small  p a r t i c l e s   o f  

smut  which  are  d e t e c t a b l e   by  c a r e f u l   s c r u t i n y ,   but  which  do  n o t  

d e t r a c t   from  the  appea rance   of  the  s ea led   a r t i c l e   as  a  w h o l e .  

The  p r o c e s s e s   of  the  p r e s e n t   i n v e n t i o n   are  c a r r i e d   o u t  

under  such  c o n d i t i o n s   so  as  to  seal  the  product   to  the  d e s i r e d  

d e g r e e .  

Anodised  aluminium  which  is  to  be  used  in  a r c h i t e c t u r e   and 

exposed  to  w e a t h e r i n g   wil l   normal ly   be  sea led   as  e f f i c i e n t l y   as  i s  

p r a c t i c a b l e   in  order   to  maximise  i t s   c o r r o s i o n   r e s i s t a n c e .   The 

q u a l i t y   of  s e a l i n g   may  be  e v a l u a t e d   using  one  or  more  of  t h r e e  

c l a s s e s   of  s t a n d a r d   t e s t s ;   the  weight   loss  in  acid  t e s t ,   the  d y e s p o t  

t e s t   and  the  c o n d u c t i v i t y   t e s t .   These  t e s t s   can  be  c a r r i e d   o u t  

us ing  the  f o l l o w i n g   t e c h n i q u e s .  

Methods  for  measur ing   these   c r i t e r i a   are  l a id   down  in  t h e  

r e l e v a n t   B r i t i s h   S t a n d a r d s .   The  methods  used  in  t h i s   d i s c l o s u r e   a r e  

( i)   Weight  loss  in  p h o s p h o r i c / c h r o m i c   a c i d  -   BS6161 :   Part   3 :1981  

( I S 0 3 2 1 0  -   1974).   The  maximum  p e r m i s s i b l e   loss  in  mass  for  t h e  

c o a t i n g   under  t e s t   is  commonly  accep ted   as  30  mg/dm2. 

( i i )   Dye  a d s o r p t i o n  -   BS6161 :   Par t   5  :1982  (ISO  2 4 1 3 - 1 9 8 1 )  -  

using  Acid  A  and  Dye  B  an  i n t e n s i t y   of  s t a in   of  2  or  less   (  r a t e d  

a c c o r d i n g   to  BS6161 :  Par ts   5:1982)  is  s a t i s f a c t o r y .  

( i i i )   E l e c t r i c a l   c o n d u c t i v i t y   BS1615 :  1972  Appendix  G -  to  t a k e  

accoun t   of  the  v a r i a t i o n s   in  the  t h i c k n e s s   of  the  anodic  fi lm  t h e  

r e s u l t   is  e x p r e s s e d   as  the  p roduc t   of  the  c o n d u c t i v i t y   i n  

mic ros i emens   and  the  t h i c k n e s s   of  the  coa t i ng   in  microns  which  t o  

s a t i s f y   BS  1615  should  be  l ess   than  5 0 0 .  



S a t i s f a c t o r y   and  p r e f e r r e d   l e v e l s   of  per formance   in  t h e s e  

t e s t s   are  set   out  in  the  f o l l o w i n g   t a b l e .  

For  the  purpose  of  t h i s   d i s c l o s u r e   the  c r i t e r i o n   used  t o  

e v a l u a t e   the  q u a l i t y   of  the  seal  is  an  at  l e a s t   adequate   p e r f o r m a n c e  

in  the  weight   loss   in  acid  t e s t .  

The  pH  of  the  s e a l i n g   bath  is  at  l e a s t   7.0  and  more 

p r e f e r a b l y   at  l e a s t   7.5  or  8 .0.   Higher  pH's  promote  the  r a p i d  

s e a l i n g   of  the  anodised  coa t ing   but  may  have  d e t r i m e n t a l   e f f e c t s  

upon  the  q u a l i t y   of  t ha t   c o a t i n g   and  also  may  encourage   t h e  

fo rmat ion   of  smut.  The  maximum  pH  of  the  bath  will   vary  with  i t s  

compos i t ion   and  the  t e m p e r a t u r e   of  o p e r a t i o n ,   but  will  g e n e r a l l y   be  

below  10.0,   p e f e r a b l y   below  9.5  and  most  p r e f e r a b l y   below  9 . 0 .  

Thus,  p r e f e r a b l y ,   the  pH  of  the  s e a l i n g   bath  will  be  m a i n t a i n e d   at  a 

value  in  the  range  7.0  to  9.0,   e .g .   7.5  to  8 . 5 .  

The  compounds  which  are  e f f e c t i v e   s m u t - i n h i b i t i n g   agents   i n  

the  s e a l i n g   p r o c e s s e s   of  the  p r e s e n t   i n v e n t i o n   must  be  water   s o l u b l e  

and  must  not  a d v e r s e l y   e f f e c t   the  q u a l i t y   of  the  s e a l .   Compounds 

which  i n h i b i t   c r y s t a l   growth  in  a l k a l i n e   aqueous  media  when  p r e s e n t  

in  t h r e s h o l d   q u a n t i t i e s ,   e .g .   from  1  to  1000  ppm  are  p o t e n t i a l l y  

v a l u a b l e   as  s m u t - i n h i b i t i n g   a d d i t i v e s   a l though  not  all  k n o w n  

t h r e s h o l d   t r e a t m e n t   agents   are  useful   as  s m u t - i n h i b i t i n g   a d d i t i v e s  

in  the  p rocess   of  the  p r e s e n t   i n v e n t i o n   e i t h e r   because  they  do  n o t  

i n h i b i t   smut  fo rmat ion   or  because  they  r e t a r d   the  s e a l i n g   p r o c e s s .  



Not  all  compounds  are  e q u a l l y   e f f e c t i v e   as  s m u t - i n h i b i t o r s .  

Under  c o n d i t i o n s   which  are  known  to  favour   the  fo rmat ion   of  s m u t ,  

e .g .   high  a l k a l i n i t y   and  high  t e m p e r a t u r e s ,   some  compounds  will  n o t  

a d e q u a t e l y   suppress   the  fo rma t ion   of  smut  even  when  p r e s e n t   in  l a r g e  

q u a n t i t i e s .   However  such  compounds  may  f u n c t i o n   a d e q u a t e l y   u n d e r  

l e s s   onerous  c o n d i t i o n s   or  may  be  useful   in  combina t ion   with  o t h e r  

s m u t - i n h i b i t i n g   a d d i t i v e s   which  are  more  e f f e c t i v e   under  p a r t i c u l a r  

c o n d i t i o n s .   Smut  i n h i b i t i n g   a d d i t i v e s   which  may  be  useful   in  t h e  

p r o c e s s e s   of  the  p r e s e n t   i n v e n t i o n   can  be  s e l e c t e d   from  the  g roup  

compr i s i ng   d e x t r i n s   ( i n c l u d i n g   commercial  d e x t r i n s ,   e s p e c i a l l y   t h o s e  

having  a  v i s c o s i t y   of  50  to  400cP  in  50%  by  weight  s o l u t i o n   a t  

200C  as  measured  with  a  B r o o k f i e l d   r o t a r y   v i s c o m e t e r ,   e .g .   a s  

d e s c r i b e d   in  B r i t i s h   P a t e n t   1302288);   a c r y l i c   a c i d , m e t h a c r y l i c   a c i d  

and  water   s o l u b l e   polymers  de r ived   t h e r e f r o m ,   e s p e c i a l l y   t h o s e  

polymers  having  a  s p e c i f i c   v i s c o s i t y   of  up  to  0.75cP  measured  a t  

20°C  in  2N  c a u s t i c   soda  and  at  a  c o n c e n t r a t i o n   of  0.7%,  e .g .   t h o s e  

d e s c r i b e d   in  B r i t i s h   P a t e n t   1368336,  and  l i g n i n   s u l p h o n a t e s  

( i n c l u d i n g   all   those   d e s c r i b e d   in  B r i t i s h   P a t e n t   1368336);   a c i d s  

such  as  c y c l o a l i p h a t i c   or  a romat ic   p o l y c a r b o x y l i c   acid  having  from  4 

to  6  c a r b o x y l i c   acid  groups  per  molecule   such  as  benzene  p e n t a  

c a r b o x y l i c   ac id ,   benzene  t e t r a c a r b o x y l i c   ac id ,   b e n z e n e  

h e x a c a r b o x y l i c   a c id ,   cyc lohexane   t e t r a c a r b o x y l i c   acid  and 

c y c l o h e x a n e   h e x a c a r b o x y l i c   acid  (in  any  of  t h e i r   va r ious   i s o m e r i c  

forms)  or  a  water   s o l u b l e   s a l t   t h e r e o f ,   e .g .   the  a l k a l i   m e t a l ,  

a l k a l i n e   ea r th   metal  ammonium  and  a lkano l amine   s a l t s   e s p e c i a l l y  

those   d e s c r i b e d   in  B r i t i s h   P a t e n t   1574161,  c e r t a i n   h y d r o x y  

c a r b o x y l i c   acids   for  example  g a l l i c   acid  and  s a c c h a r i c   ac id ;   t h e  

r e a c t i o n   p roduc t s   of  one  or  more  s u l p h o n a t e d   a romat ic   compounds  w i t h  

an  a ldehyde  and /or   d ime thy lo l   urea  or  a  mix ture   of  formaldehyde  and  

urea  ( i n c l u d i n g   all  those  which  are  d e s c r i b e d   or  d i s c l o s e d   i n  

B r i t i s h   P a t e n t   A p p l i c a t i o n   2 1 0 4 9 2 1 ) .  



Other  compounds  which  may  be  useful   as  s m u t - i n h i b i t i n g  

a d d i t i v e s   i nc lude   w a t e r - s o l u b l e  p h o s p h o n i c   ac ids   or  one  o r   more 

w a t e r - s o l u b l e   s a l t s   of  such  acid  each  of  which  acid  or  s a l t   fo rms  

one  or  more  complexes  with  a  d i v a l e n t   me ta l .   A  r e l a t i v e l y   l a r g e  

number  of  phosphonic   ac ids   are  known  which  form  complexes  w i t h  

d i v a l e n t   me ta l s .   It  is  p r e f e r r e d   to  use  compounds  which  c o r r e s p o n d  

to  the  f o l l owing   general   f o r m u l a :  

in  which  R  r e p r e s e n t s   a  phenyl  r e s i d u e   or  alkyl   r e s i d u e   with  1  t o  

5  carbon  atoms,  or  those   of  the  f o r m u l a :  

in  which  R1  and  R2  each  r e p r e s e n t   a  hydrogen  atom  or  a l k y l  

r e s i d u e   with  1  to  4  carbon  atoms,  a n d  R 3   r e p r e s e n t   a  h y d r o g e n  

atom  or  alkyl  r e s i d u e   with  1  to  4  carbon  atoms  or  a  phenyl  r e s i d u e  

or  those  of  the  f o r m u l a  



in  which  X  and  Y  each  r e p r e s e n t s   a  hydrogen  atom  or  an  alkyl  r e s i d u e  

with  1  to  4  carbon  atoms,  R4  r e p r e s e n t s   a  P03H2  group  or  an 

alkyl   group  having  from  1  to  18  carbon  atoms  or  a  group  of  t h e  

f o r m u l a  

where  n  is  zero  or  an  i n t e g e r   having  a  value  of  from  1  to  5  and  X 

and  Y are   as  h e r e i n b e f o r e   d e f i n e d .  

o r  

wherein   X  and  Y  are  as  h e r e i n b e f o r e   d e f i n e d  

o r  

wherein   R5  r e p r e s e n t s   a  hydrogen  atom,  a  methyl  group  or  a -   CH2 

-  CH2-  COOH  g r o u p .  

Examples  of  h y d r o x y a l k a n e d i p h o s p h o n i c   ac ids   of  Formula  1 

which  may  be  used  are  1  -   hyd roxypropane   - ,  1  -   hyd roxybu tane   - ,  
1  -   h y d r o x y p e n t a n e  -   and  1  -   h y d r o x y h e x a n e  -   1 , 1  -   d iphosphon ic   a c i d  

as  well  as  1  -   h y d r o x y  -   1  -   p h e n y l m e t h a n e  -   1 , 1  -   d i p h o s p h o n i c  



acid  and  p r e f e r a b l y   1  -   h y d r o x y e t h a n e  -   1 , 1  -   d iphosphon ic   a c i d .  

Examples  of  phosphonic   acids   of  the  general   formul a 11  are  1  -  

aminoe thane   -,  1 -   amino -   1 -   pheny lmethane   -,  d i m e t h y l a m i n o e t h a n e  

-,  p r o p y l  -   and  b u t y l  -   a m i n o e t h a n e  -   1 , 1  -   d iphosphon ic   a c i d .  

Examples  of  phosphonic   acids   of  formula  111  a r e  a m i n o t r i m e t h y l e n e  

phosphonic   ac id ,   h e x a m e t h y l e n e d i a m i n e t e t r a ( m e t h y l e n e   p h o s p h o n i c )  

ac id ,   e t h y l e n e d i a m i n o t e t r a m e t h y l e n e p h o s p h o n i c   ac id ,   d i e t h y l e n e -  

t r i a m i n o p e n t a m e t h y l e n e p h o s p h o n i c   ac id ,   n - p r o p y l i m i n o   b i s  

(methylene   phosphonic)   acid  and  a m i n o t r i ( 2 - p r o p y l e n e - 2 - p h o s p h o n i c  

a c i d ) .   Examples  of  phosphonic   ac ids   of  the  general   formula  1V  a r e  

p h o s p h o n o s u c c i n i c   acid,   1 - p h o s p h o n o - l - m e t h y l s u c c i n i c   acid  and  2 -  

p h o s p h o n o b u t a n e - 1 , 2 , 4   t r i c a r b o x y l i c   a c i d .  

E s p e c i a l l y   v a l u a b l e   s m u t - i n h i b i t i n g   a d d i t i v e s   for  use  in  t h e  

p r e s e n t   i n v e n t i o n   are  the  phosphonic   a c i d s ,   e s p e c i a l l y   e t h y l e n e -  

d i a m i n o t e t r a m e t h y l e n e p h o s p h o n i c   ac id ,   h e x a m e t h y l e n e d i a m i n e t e t r a -  

(methylene   phosphonic)   ac id ,   n - p r o p y l i m i n o b i s ( m e t h y l e n e   p h o s p h o n i c )  

acid  and  benzene  h e x a c a r b o x y l i c   acid  and  s a l t s   t h e r e o f   and  t h e  

r e a c t i o n   p roduc t s   of  s u l p h o n a t e d   a romat ic   compounds  with  an  a l d e h y d e  

and /or   d i m e t h y l o l u r e a   or  a  mix tu re   of  formaldehyde  and  u r e a  

e s p e c i a l l y   those  p roduc t s   formed  by  the  r e a c t i o n   of  the  s u l p h o n a t i o n  

p roduc t s   of  d i p h e n y l ,   p h e n y l t o l u e n e ,   d i m e t h y l d i p h e n y l ,  

d i p h e n y l e t h e r ,   d i p h e n y l s u l p h i d e ,   d i p h e n y l s u l p h o x i d e ,  

d i h y d r o x y d i p h e n y l s u l p h o n e ,   d i p h e n y l e n e   oxide ,   d i p h e n y l e n e   s u l p h i d e  

and  bis  phenol  with  an  a ldehyde  and /o r   d i m e t h y l o l u r e a   or  a  m i x t u r e  

or  formaldehyde  and  urea  or  where  the  s u l p h o n a t e d   a romat ic   compound 

is  a  s u l p h o n a t e d   d e r i v a t i v e   of  phenol ,   c resol   or  naphthol  t h e  

r e a c t i o n   p roduc t s   t h e r e o f   with  d i m e t h y l o l u r e a   or  a  mix ture   o f  

fo rmaldehyde   and  u r e a .  

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

d i p h e n y l ,   d i m e t h y l d i p h e n y l ,   diphenyl   e t h e r   and  a d d i t i o n a l l y ,   when 

r e a c t e d   with  d i m e t h y l o l u r e a   (or  a  mixture   of  fo rmaldehyde   and  u r e a ) ,  

u n s u b s t i t u t e d   phenol  and  c r e s o l .  



P r e f e r r e d   a ldehydes   used  in  the  p r e p a r a t i o n   of  the  r e a c t i o n  

p r o d u c t   are  a c e t a l d e h y d e   and  fo rma ldehyde ,   more  p r e f e r a b l y  

f o r m a l d e h y d e .  

P r e f e r a b l y   where  the  r e a c t i o n   p roduc t   is  fo rmed  wi th   a  

mix tu re   of  fo rmaldehyde   and  urea,   the  molar  r a t i o   of  f o r m a l d e h y d e  

to  urea  is  at  l e a t   2 : 1 .  

P r e f e r r e d   r e a c t i o n   p roduc t s   are  those   formed  by  the  r e a c t i o n  

of  fo rmaldehyde   with  a  compound  c o n t a i n i n g   no  halogen  or  h y d r o x y l  

g roups ,   or  the  r e a c t i o n   of  s u l p h o n a t e d   phenols   with  d i m e t h y l o l u r e a .  

More  p r e f e r r e d   is  the  r e a c t i o n   p roduc t   of  formaldehyde   with  a 

compound  of  formula  Y 

in  which  R  r e p r e s e n t s   a  hydrogen  atom  an  alkyl  group  having  1  to  4  

carbon  atoms,  a  hydroxyl  group  or  a  halogen  atom  X  r e p r e s e n t s   a 

d i r e c t   bond  or  a  group  of  the  f o r m u l a  

and  n  has  an  average   val ue  in  the  range  1  to  4 .  

When  the  mix tu re   to  form  the  r e a c t i o n   p roduc t   is  s u l p h o n a t e d  

p h e n o l   c reso l   or  naphthol   with  d i m e t h y l o l u r e a   (or  a  mixture   o f  

formaldehyde   and  urea)  f u r t h e r   ccmpounds  such  as  phenols   and  naph tho l s   may 
be   i nc luded   in to   the  p roduc t   by  p o l y m e r i s a t i o n   with  f o r m a l d e h y d e .  



The  s u l p h o n a t e d  a r o m a t i c   compounds  are  known  and  may  be  made 

accord ing   to  known  methods.   For  the  s u l p h o n a t i o n  r e a c t i o n   o f  

compounds  of  formula  V one  uses  p r e f e r a b l y   1-2  moles  (more 

p r e f e r a b l y   1.5  moles)  of  s u l p h u r i c   a c i d  p e r   mole  of  the  a r o m a t i c  

compound  to  be  s u l p h o n a t e d  a t   a  t e m p e r a t u r e   o f  f rom  80  to  180°C 

in  the  p resence   of  a  s u l p h o n a t i n g   medium. 

The  r e a c t i o n   of  a  compound  of  formula V  with  formaldehyde   o r  

d i m e t h y l o l u r e a   is  known  and  may  be  c a r r i e d   out  in  accordance   w i t h  

known  m e t h o d s .  

The  phosphonic   acid  s m u t - i n h i b i t i n g   a d d i t i v e s   must  be  u sed  

in  combina t ion   w i t h  a   d i v a l e n t  m e t a l   ion  M2+  in  a  molar  r a t i o   o f  

at  l e a s t   2M2+ :  1  phosphona te   group  in  order   to  be  e f f e c t i v e ,   i . e .  

the  molar  p r o p o r t i o n   of  d i v a l e n t   metal  ions  must  be  at  l e a s t  

s u f f i c i e n t   as  is  t h e o r e t i c a l l y   r e q u i r e d   to  form  a  complex  with  a l l  

of  the  p h o s p h o n a t e   groups  p r e s e n t .   I f  t h e   neces sa ry   q u a n t i t y   o f  

d i v a l e n t   metal  ions  is  not  p r e s e n t  i n   the  s e a l i n g   bath ,   e .g .   in  t h e  

form  of  calc ium  and  magnesium  s a l t s   d i s s o l v e d   in  tap  water ,   i t   i s  

n e c e s s a r y   to  add  a  s u f f i c i e n t   q u a n t i t y   of  a  s o l u b l e   s a l t   of  a 

d i v a l e n t   metal  to  r a i s e   the  molar  r a t i o   of  metal  ions  to  p h o s p h o n a t e  

groups  to  at  l e a s t   2 :   1.  P r e f e r a b l y   the  molar  r a t i o   of  d i v a l e n t  

metal  ions  to  phosphonate   group  is  at  l e a s t   4  :  1 .  

In  some  i n s t a n c e s   c e r t a i n   d i v a l e n t   metal  ions  appear   t o  

d e a c t i v a t e   the  phosphona te .   Where  th i s   e f f e c t   is  observed  a  

s u f f i c i e n t   q u a n t i t y   of  phosphonate   can  be  added  which  will   form  a 

complex  with  the  d e a c t i v a t i n g   metal  ion.  T h e r e a f t e r   the  a d d i t i o n   o f  

a  f u r t h e r   q u a n t i t y   of  phosphonate   t o g e t h e r   with  the  a p p r o p r i a t e  

q u a n t i t y   of  a  s a l t   of  an  a c c e p t a b l e   d i v a l e n t   metal  will  be  e f f e c t i v e  

in  i n h i b i t i n g   s m u t  f o r m a t i o n .   In  general   we  p r e f e r   to  use  s a l t s   o f  

calc ium  magnesium,  nickel   or  c o b a l t   as  the  d i v a l e n t   metal  s a l t .  

Examples  of  ions  which  may  be  d e a c t i v a t e   the  phosphonate   and  whose 

p re sence   is  thereby   l ess   p r e f e r r e d   are  f e r r i c   ions  and  c u p r i c   i o n s .  

In  general   ions  which  complex  s t r o n g l y   with  the  p h o s p h o n a t e   a p p e a r  



to  d e a c t i v a t e   i t   as  a  s m u t - i n h i b i t i n g   agent  and  t h e i r   p resence   i s  

c o r r e s p o n d i n g l y   less   p r e f e r r e d .   The  use  of  e t h y l e n e d i a m i n o  

t e t r a m e t h y l e n e   phosphonic   acid  or  i t s   water  so lub le   s a l t s   as  a  s m u t -  

i n h i b i t i n g   agent   e s p e c i a l l y   i t s   magnesium  s a l t   is  p a r t i c u l a r l y  

p r e f e r r e d .  

The  q u a n t i t y   of  a n t i - s m u t t i n g   agent   which  is  p r e s e n t   in  t h e  

bath  v a r i e s   with  the  na tu re   of  t h a t   agent .   The  q u a n t i t y   which  i s  

s u f f i c i e n t   to  suppress   smut  fo rma t ion   in  a  p a r t i c u l a r   s e a l i n g  

process   and  the  minimum  e f f e c t i v e   q u a n t i t y   will  normal ly   be  

de t e rmined   e m p i r i c a l l y .   When  the  fo rmat ion   of  a  s e a l e d  a n o d i s e d  

s u r f a c e   of  a  s a t i s f a c t o r y   q u a l i t y   is  accompanied  by  the  fo rmat ion   o f  

smut  i t   is  n e c e s s a r y   to  a d j u s t   one  or  more  of  the  pa rame te r s   which  

e f f e c t   the  e f f i c i e n c y   of  the  ba th ,   e .g .   by  i n c r e a s i n g   q u a n t i t y   o f  

s m u t - i n h i b i t i n g   a d d i t i v e   in  the  bath  or  to  s e l e c t   a  more  e f f e c t i v e  

s m u t - i n h i b i t i n g   a d d i t i v e .  

By  way  of  example:   the  q u a n t i t y   of  some  of  the  p r e f e r r e d   a n t i -  

smu t t i ng   agents   e . g .   benzene  h e x a c a r b o x y l i c   ac id ,   1 - h y d r o x y e t h a n e - 1 -  

1  d i p h o s p h o n i c   ac id ,   and  e t h y l e n e d i a m i n o t e t r a m e t h y l e n e p h o s p h o n i c  

a c i d  w i l l   be  in  the  range  1  to  500ppm  of  the  ba th ,   e .g .   2  to  300  and  

more  p r e f e r a b l y   5  to  200  ppm  of  the  bath .   The  r e a c t i o n   p roduc t   o f  

s u l p h o n a t e d   a romat ic   compounds  with  an  a ldehyde  and /o r   d i m e t h y l o l -  

urea  (or  a  mix ture   of  fo rmaldehyde   and  urea)  wil l   p r e f e r a b l y   be 

p r e s e n t   in  a  q u a n t i t y   of  from  0.01  to  5.0  g m s / l i t r e   of  the  b a t h .  

The  e f f e c t i v e   q u a n t i t y   wil l   vary  acco rd ing   to  the  a n t i - s m u t t i n g  

agent   which  is  s e l e c t e d   and  will   normal ly   be  de te rmined   e m p i r i c a l l y  

under  the  c o n d i t i o n s   which  are  to  be  employed  in  the  s e a l i n g  

p r o c e s s .   For  the  p r e f e r r e d   a n t i - s m u t t i n g   agents   the  q u a n t i t y   w i l l  

be  from  5  to  500  ppm  in  the  case  of  benzene  h e x a c a r b o x y l i c   a c i d ,  

from  5  to  100  ppm  in  the  case  of  e t h y l e n e d i a m i n o t e t r a m e t h y l e n e -  

phosphon ic   a c i d .   The  use  of  e x c e s s i v e   q u a n t i t i e s   of  a n t i - s m u t t i n g  

a d d i t i v e s   may  have  a  d e t r i m e n t a l   e f f e c t   upon  the  q u a l i t y   of  t h e  

anod i sed   c o a t i n g   and  is  t h e r eby   p r e f e r a b l y   avoided .   Where  the  pH  o f  

the  bath  is  r e l a t i v e l y   high  the  maximum  amount  of  a  p a r t i c u l a r   a n t i -  

smu t t i ng   agent   which  may  be  t o l e r a t e d   w i thou t   damage  to  the  a n o d i s e d  

c o a t i n g   will   be  i n c r e a s e d .  



In  order   to  ma in t a in   the  pH  of  the  s e a l i n g   bath  above  7.0  and  

p r e f e r a b l y   wi th in   the  p r e f e r r e d   ranges  set   out  above,  i t   w i l l  

u sua l l y   be  neces sa ry   to  add  a  q u a n t i t y   of  a  w a t e r - s o l u b l e   base  t o  

the  s e a l i n g   bath.   The  p r e f e r r e d   bases  for  p r e s e n t   use  are  Lewis 

bases .   Examples  of  s u i t a b l e   bases  are  t r i e t h a n o l a m i n e ,   sodium 

b o r a t e ,   sodium  c a r b o n a t e ,   sodium  b i c a r b o n a t e ,   m o n o - e t h a n o l a m i n e ,   d i -  

e thano lamine   and  hexamine  or  mix tu res   t h e r e o f .   The  most  p r e f e r r e d  

base  for  p r e s e n t   use  is  t r i e t h a n o l a m i n e .   Commercial  grades  o f  

t r i e t h a n o l a m i n e   which  con ta in   minor  q u a n t i t i e s   of  d i e t h a n o l a m i n e   and  

monoethanolamine   may  be  used  if  d e s i r e d .   The  a d d i t i o n   of  a  b a s e  

which  might  i n h i b i t   the  s e a l i n g   process   should  p r e f e r a b l y   be  

avo ided .   Thus,  bases  which  l i b e r a t e   phospha te   s i l i c a t e   and  f l u o r i d e  

ions  on  d i s s o l u t i o n   in  water  are  p r e f e r a b l y   not  emp loyed .  

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

out  i n  d e m i n e r a l i s e d  w a t e r o r  i n   tap  wa te r .   The  use  o f  

d e m i n e r a l i s e d   water   is  advan tageous   in  t h a t   the  s e a l i n g   p rocess   i s  

more  l i k e l y   to  proceed  w i thou t   c o m p l i c a t i o n .   However,  in  a 

commercial  o p e r a t i n g   process   the  bath  will   i n e v i t a b l y   become 

c o n t a m i n a t e d   by  the  c a r r y - o v e r   of  m a t e r i a l   from  p rev ious   p r o c e s s i n g  

s t e p s ,   e .g .   the  a n o d i s i n g   bath  and  subsequen t   r i n s i n g   s t e p s .  

Although  a  c e r t a i n   amount  of  t h i s   c o n t a m i n a t i o n   may  be  t o l e r a t e d   t h e  

e f f i c i e n c y   of  the  s e a l i n g   process   is  dec reased   and  e v e n t u a l l y   t h e  

bath  must  be  d i s c a r d e d .  

The  use  of  tap  water   to  make  up  the  bath  may  be 

d i s a d v a n t a g e o u s   in  t ha t   the  m i n e r a l s   which  are  d i s s o l v e d   in  i t   may 

a f f e c t   the  e f f i c i e n c y   of  the  s e a l i n g   p r o c e s s .   The  p resence   o f  

d i s s o l v e d   m i n e r a l s   may  also  lead  to  the  p r e c i p i t a t i o n   of  s o l i d  

m a t e r i a l   in  the  s e a l i n g   bath  which  can  form  an  u n s i g h t l y   c r u s t e d  

c o a t i n g   upon  the  anodised   s u r f a c e .   This  tendency  is  most  common 

when  the  a n t i - s m u t t i n g   agent  compr ises   a  phosphonic   acid  or  a 

phosphonate   as  h e r e i n b e f o r e   d e s c r i b e d .   Although  the  d e p o s i t e d   s o l i d s  

can  u s u a l l y   be  removed  by  r i n s i n g   with  wa te r ,   i t   is  p r e f e r r e d   t o  



o p e r a t e   the  s e a l i n g   bath  under  such  c o n d i t i o n s   as  will  avoid  t h e  

need  for  such  a  r i n s i n g   s t ep .   We  have  d i s c o v e r e d   t ha t   th i s   t e n d e n c y  

to  the  fo rma t ion   of  so l i d   m a t e r i a l   can  be  reduced  by  the  a d d i t i o n   o f  

a  s u r f a c e   a c t i v e   agent  to  the  bath .   The  q u a n t i t y   of  such  a  compound 

may  vary  through  a  wide  range  say  lppm  to  l O g m s / l i t r e .   The 

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

to  as  CMC.  The  a d d i t i o n   of  from  5ppm  to  100ppm  of  CMC  will  o f ten   be  

s u f f i c i e n t   to  p r e v e n t   the  fo rma t ion   of  so l i d   ma te r i a l   in  the  b a t h .  

The  s e a l i n g   bath  may  also  c o n t a i n   c o n v e n t i o n a l   a d d i t i v e s  

e .g .   a d d i t i v e s   which  are  known  to  i n h i b i t   the  l each ing   of  dye  such  

as  n icke l   a c e t a t e .   The  bath  may  also  a d v a n t a g e o u s l y   con t a in   a  

w e t t i n g   agen t ,   the  p re sence   of  which  enhances  the  e f f i c i e n c y   of  t h e  

s e a l i n g   p r o c e s s .   R e l a t i v e l y   small  q u a n t i t i e s   of  we t t i ng   agent ,   s a y  

w e t t i n g  a g e n t ,   say  from  2.0  to  2000  ppm  of  the  bath  may  be  emp loyed .  

W h e r e  h e a v y  m e t a l   ions  are  p r e s e n t   in  the  bath  whether   by  a d d i t i o n ,  

e .g .   of  tap  water   or  by  c o n t a m i n a t i o n   from  o the r   pa r t s   of  t h e  

a n o d i s i n g   p l a n t ,   which  ions  i n t e r f e r e   with  the  e f f i c i e n c y   of  t h e  

s e a l i n g   p r o c e s s ,   the  e f f i c i e n t   o p e r a t i o n   of  the  bath  may  be  p r o l o n  

ged  by  the  a d d i t i o n   of  an  agent   which  is  capable   of  complexing  w i t h  

the  meta l .   An  example  of  a  s u i t a b l e   agent   is  c i t r i c   ac id .   Such 

agents   may  be  e f f e c t i v e   when  p r e s e n t   in  q u a n t i t i e s   which  a r e  

s i g n i f i c a n t l y   less   than  would  be  r e q u i r e d   to  complex  the  metal  i o n s  

which  a r e  p r e s e n t   in  the  bath.   The  baths  may  also  a d v a n t a g e o u s l y  

c o n t a i n   a  b u f f e r i n g   agent  to  a s s i s t   the  con t ro l   of  the  pH.  S u i t a b l e  

b u f f e r i n g   agents   i nc lude   s a l t s   of  a c e t i c   acid  and  formic  a c i d .  

The  va r ious   i n g r e d i e n t s   of  the  s e a l i n g   bath  may  be  added  

s e p a r a t e l y   if  so  d e s i r e d .   I t   is  p r e f e r r e d   by  way  of  conven ience   t o  

f o r m u l a t e   the  va r ious   a d d i t i v e s   as  a  s e p a r a t e   c o n c e n t r a t e   and  t h e n  

add  t h a t   c o n c e n t r a t e   to  the  bath.   C o n c e n t r a t e s   which,  when  added  

to  wa te r ,   form  a  s e a l i n g   bath  useful   in  the  p roce s se s   of  the  p r e s e n t  
i n v e n t i o n   are  b e l i e v e d   to  be  novel  and  form  ano the r   a spec t   of  o u r  

i n v e n t i o n .  



Such  c o n c e n t r a t e s   comprise   at  l e a s t   one  a n t i - s m u t t i n g   a g e n t ,  

as  h e r e i n b e f o r e   d e f i n e d ,   and  at  l e a s t   one  base,   as  h e r e i n b e f o r e  

d e f i n e d .   Optional   i n g r e d i e n t s   inc lude   s a l t s   of  o rgan ic   acids   such  

as  a c e t i c   acid  to  r e g u l a t e   the  pH  t h e r e o f ,   o ther   a d d i t i v e s   such  a s  

nickel   a c e t a t e   and  any  o ther   c o m p a t i b l e   i n g r e d i e n t s   of  the  b a t h .  

A d d i t i v e s   such  as  nickel   a c e t a t e   are  p r e f e r a b l y   s o l u b i l i s e d   in  t h e  

c o n c e n t r a t e   e .g .   by  the  a d d i t i o n   of  t r i e t h a n o l a m i n e   to  form  a  w a t e r  

s o l u b l e   complex .  

In  a  p r e f e r r e d   embodiment  of  the  p r o c e s s e s   of  the  p r e s e n t  

i n v e n t i o n   the  pH  of  the  s e a l i n g   bath  is  e s t a b l i s h e d   by  the  a d d i t i o n  

of  such  a  c o n c e n t r a t e   to  water  and  m a i n t a i n e d   wi th in   the  d e s i r e d  

l i m i t s   by  the  a d d i t i o n   of  f u r t h e r   q u a n t i t i e s   of  r e agen t s   as  t h e  

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

The  i n v e n t i o n   is  i l l u s t r a t e d  b y   the  f o l l o w i n g - e x a m p l e s : -  

In  the  Examples  the  s e a l i n g   baths  were  a s s e s s e d   using  t h e  

methods  h e r e i n b e f o r e   d e s c r i b e d   and  in  a d d i t i o n   b y . v i s u a l l y  

i n s p e c t i n g   the  sea led   p roduc t   the  v i s i b l e   p re sence   of  any  v e l v e t y  

bloom  being  r ega rded   as  u n s a t i s f a c t o r y .  

In  these   examples  the  p ieces   used  were  formed  of  Type  6063 

aluminium  a l loy   which  had  been  a l k a l i n e   e tched  (5%  NaOH  +  a d d i t i v e s )  

and  anodised   in  s u l p h u r i c   acid  ( 1 7 5 g m s / l i t r e   at  18-20°C  and  1 . 5 A /  
dm2)  to  provide   an  anodic  f i lm  of  20  microns  t h i c k n e s s .  

Each  t e s t   was  c a r r i e d   out  on  unco loured   specimens  f o r  

measurement   of  s e a l i n g   q u a l i t y   and  on  r e p l i c a t e   specimens  which  were  

black  dyed  p r io r   to  s e a l i n g   (using  s t a n d a r d   a n o d i s i n g   dye)  to  a i d  

d e t e c t i o n   of  s u r f a c e   f i lms  of  b loom.  



E x a m p l e  1  

(A)  S t anda rd   D e m i n e r a l i s e d   (Water  S e a l i n g  

Bloom  observed   a f t e r   0.5  m i n / m i c r o n  

(B)  D e m i n e r a l i s e d   Water  +  2  m l s / l i t r e   t r i e t h a n o l a m i n e   a d j u s t e d  

to  pH  8.0  with  a c e t i c   a c i d  

Bloom  formed  a f t e r   less   than  0.5  m i n / m i c r o n  

(C)  To  the  bath  of  (B)  was  added  20  ppm  of  the  ammonium  s a l t   o f  

e t h y l e n e d i a m i n e t e t r a   ( m e t h y l e n e p h o s p h o n i c ) a c i d   and  10  ppm 

of  nickel   in  the  form  of  nickel   s u l p h a t e .  



Example  2 

(A)  South  S t a f f o r d s h i r e   Tap  Water  of  t o t a l   hardness   exp res sed   as  

CaC03  of  150  ppm. 

Bloom  p r e s e n t   t h r o u g h o u t  

(B)  To  the  bath  used  in  (A)  was  added  2  m l s / l i t r e   o f  

t r i e t h a n o l a m i n e   and  40  ppm  of  e t h y l e n e d i a m i n e t e t r a ( m e t h y l -  

e n e p h o s p h o n i c ) a c i d .  



E x a m p l e  3  

D e m i n e r a l i s e d   water   with  m e l l i t i c   acid  (benzene  h e x a c a r b o x y l i c   a c i d )  

added  in  the  q u a n t i t i e s   shown.  The  pH  of  the  bath  was  r a i s e d   by  t h e  

a d d i t i o n   of  t r i e t h a n o l a m i n e .  

The  f i r s t  t w o   r e s u l t s   i l l u s t r a t e   compara t ive   p r o c e d u r e s .   The 

s e a l  o b t a i n e d   i n - t h e   time  used  is  not  of  adequate   q u a l i t y .   The 

t h i r d   r e s u l t   is  an  Example  acco rd ing   to  the  i n v e n t i o n   showing 

s a t i s f a c t o r y   s e a l i n g   is  o b t a i n e d   in  a  s i g n i f i c a n t l y   s h o r t e r   t i m e .  

E x a m p l e - 4  

D e m i n e r a l i s e d   water   with  e t h y l e n e d i a m i n e t e t r a ( m e t h y l e n e -  

phosphonic )   ac id .   EDTMPA  added  as  the  s m u t - i n h i b i t o r .   pH  =  8 . 3  

S e a l i n g   Time  = 1  m i n / m i c r o n .  

These  r e s u l t s   show  t h a t   the  phosphonate   is  i n e f f e c t i v e   as  a  

s m u t - i n h i b i t o r   in  the  absence  of  d i v a l e n t   metal  i o n s .  



S u f f i c i e n t   magnesium  s a l t   added  to  provide  a  molar  r a t i o   o f  

EDTMPA :  Mg2+  o f  1  :   4 

These  r e s u l t s   show  tha t   the  phosphona te   is  e f f e c t i v e   as  a 

s m u t - i n h i b i t o r   in  the  p resence   of  d i v a l e n t   metal  i o n s .  

The  r e s u l t s   at  a  c o n c e n t r a t i o n   of  6 0 m g / l i t r e   i l l u s t r a t e   t h e  

r e d u c t i o n   of  the  q u a l i t y   of  the  seal  produced  by  e x c e s s i v e  

q u a n t i t i t e s   of  s m u t - i n h i b i t o r   and  how  t h i s   e f f e c t   can  be  o v e r c o m e  b y  

r a i s i n g   the  pH  of  the  b a t h .  

Example  5 

A  set   q u a n t i t y   of  one  of  th ree   phosphona tes   A,  B and  C  was  added 

to  a  s e a l i n g   bath  compr i s ing   d e m i n e r a l i s e d   water  t o g e t h e r   w i t h  

s u f f i c i e n t   magnesium  ion  to  give  a  molar  r a t i o   of  p h o s p h o n a t e : M g  =  

1:4.  The  s e a l i n g   time  was  1  m i n / m i c r o n .  

A  =  H e x a m e t h y l e n e d i a m i n e t e t r a ( m e t h y l e n e   phosphonic)   a c i d .  

B  =  D i e t h y l e n e t r i a m i n e p e n t a ( m e t h y l e n e   phosphonic)   a c i d .  

C  =  n - p r o p y l i m i n o b i s ( m e t h y l e n e p h o s p h o n i c )   a c i d .  

All  these   a d d i t i v e s   are  e f f e c t i v e   as  s m u t - i n h i b i t o r s .  



Example  6 

A  commercial  p roduc t   sold  under  the  Trade  Name  ANODAL  SH1*  by  t h e  

Sandoz  Company  was  added  to  d e m i n e r a l i s e d   water  in  v a r y i n g  

q u a n t i t i e s   to  form  s e a l i n g   ba th s .   The  baths  were  t e s t e d   at  v a r i o u s  

pH's  and  va r ious   s e a l i n g   t imes ,   as  shown  in  the  f o l l owing   t a b u l a r  

summary  of  r e s u l t s .  

*  ANODAL  SH1  is  an  aqueous  s o l u t i o n   compr i s ing   a  r e a c t i o n  

p roduc t   of  a  s u l p h o n a t e d   a romat ic   compound  with  an  a ldehyde  o r  

d i m e t h y l o l u r e a   (or  a  mix ture   of  fo rmaldehyde   and  u r e a ) .  



1.  A  process   for  s e a l i n g   the  s u r f a c e   of  anodised   a lumin ium 

which  comprises   immersing  the  anodised   s u r f a c e   in  an  aqueous  medium 

at  a  t e m p e r a t u r e   of  at  l e a s t   80°C  w i thou t   the  fo rmat ion   of  any 
s u b s t a n t i a l   q u a n t i t y   of  smut  which  is  c h a r a c t e r i s e d   in  t ha t   the  pH 

of  the  aqueous  medium  is  ma in t a ined   at  a  value  of  at  l e a s t   7.0  and 

the  medium  c o n t a i n s   an  e f f e c t i v e   q u a n t i t y   of  a  smut  i n h i b i t i n g  

a d d i t i v e   (as  h e r e i n b e f o r e   d e s c r i b e d ) .  

2.  A  process   acco rd ing   to  claim  1,  c h a r a c t e r i s e d   in  t h a t  

s a t i s f a c t o r y   s e a l i n g   is  e f f e c t e d   in  a  time  which  is  not  more  t h a n  

1.5  minutes   per  micron  of  the  t h i c k n e s s   of  the  anodised   l a y e r .  

3.  A  process   acco rd ing -  t o   e i t h e r   if  c la ims  1  or  2,  c h a r a c t e r i s e d  

in  t ha t   the  s e a l i n g   bath  compr ises   one  or  more  compounds 

s e l e c t e d   from  the  group  compr i s ing   d e x t r i n s ,   a c r y l i c   a c i d ,  

m e t h a c r y l i c   ac id ,   w a t e r - s o l u b l e   polymers  de r i ved   from  a c r y l i c   a c i d  

or  m e t h a c r y l i c   acid  l i g n i n   s u l p h o n a t e s ;   c y c l o a l i p h a t i c   or  a r o m a t i c  

p o l y c a r b o x y l i c   ac ids   and  cyc lohexane   h e x a c a r b o x y l i c   a c i d s ,   w a t e r  

s o l u b l e   phosphonic   ac ids   which  are  capable   of  forming  complexes  w i t h  

a  d i v a l e n t   metal  and  the  r e a c t i o n   p roduc t   of  one  or  more  s u l p h o n a t e d  

a romat ic   compounds  with  an  a ldehyde  and /or   d i m e t h y l o l u r e a   or  a 

mix ture   of  formaldehyde  and  u r e a .  

4.  A  p rocess   accord ing   to  claim  3,  c h a r a c t e r i s e d   in  tha t   t h e  

s e a l i n g   bath  compr ises   a  water   so lub l e   phosphonic   acid  t o g e t h e r   w i t h  

s u i t a b l e   d i v a l e n t   metal  i o n .  

5.  A  p r o c e s s  a c c o r d i n g   to  claim  4,  c h a r a c t e r i s e d   in  t h a t   t h e  

phosphonic   acid  is  s e l e c t e d   from  the  group  compr i s i ng   1 

h e d r o x y p r o a n e - 1 , 1 - d i p h o s p h o n i c   a c i d ,   1 - h y d r o x y b u t a n e - 1 , 1 -  

d iphosphon ic   ac id ,   1-hydroxy  1 -pheny lme thane   - 1 , 1 - d i p h o s p h o n i c   a c i d ,  

1  h y d r o x y e t h a n e - 1 , 1 - d i p h o s p h o n i c   ac id ,   1  a m i n o e t h a n e - 1 , 1 -  

d iphosphon ic   ac id ,   1  amino - I -pheny l   m e t h a n e - 1 , 1 - d i p h o s p h o n i c   a c i d ,  



d i m e t h y l a m i n o e t h a n e - 1 , 1 - d i p h o s p h o n i c   ac id ,   p r o p y l a m i n o e t h a n e   1 , 1  

d i p h o s p h o n i c   ac id ,   bu ty lamino   e t h a n e - 1 , 1 - d i p h o s p h o n i c   ac id ,   amino 

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

ac id ,   d i e t h y l e n e t r i a m i n o p e n t a m e t h y l e n e   phosphonic   a c i d ,  

hexamethy lene   diamine  t e t r a ( m e t h y l e n e p h o s p h o n i c )   ac id ,   n-  

p r o p y l i m i n o b i s ( m e t h y l e n e p h o s p h o n i c )   ac id ,   a m i n o t r i - ( 2 - p r o p y l e n e - 2 -  

phosphonic   a c id ,   p h o s p h o n o s u c c i n i c   ac id ,   1 - p h o s p h o n o - l -  

m e t h y l s u c c i n i c   acid  and  1 - p h o s p h o n o - b u t a n e - 1 , 2 , 4 - t r i c a r b o x y l i c  

a c i d .  

6.  A  process   acco rd ing   to  claim  5,  c h a r a c t e r i s e d   in  t ha t   t h e  

phosphona te   is  s e l e c t e d   from  the  group  compr i s ing   e t h y l e n e d i a m i n o  

t e t r a m e t h y l e n e   phosphonic   acid  hexamethy lene   diamine  t e t r a  

( m e t h y l e n e p h o s p h o n i c )   acid  and  n - p r o p y l i m i n o   b i s -  

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

7.  A  p rocess   a cco rd ing   to  claim  3,  c h a r a c t e r i s e d   in  t ha t   t h e  

bath  compr ises   benzene  h e x a c a r b o x y l i c   a c i d .  

8.  A  p rocess   a cco rd ing   to  claim  7,  c h a r a c t e r i s e d   in  t h a t   t h e  

bath  c o n t a i n s   from  5  to  500  ppm  of  benzene  h e x a c a r b o x y l i c   a c i d .  

9.  A  p rocess   a c c o r d i n g   to  e i t h e r   of  c la ims  7  o r   8,  c h a r a c t e r i s e d  

in  t h a t   the  bath  is  m a i n t a i n e d   at  a  pH  of  from  7.0  to  1 0 . 0 .  

10.  A  p rocess   a cco rd ing   to  any  of  c laims  1  to  6,  c h a r a c t e r i s e d  

in  t h a t   the  bath  compr ises   at  l e a s t   one  d i v a l e n t   metal  ion  and  a 

phosphona te   in  a  molar  r a t i o   of  at  l e a s t   2 : 1  .  

11.  A  p rocess   a c c o r d i n g   to  c la im  10,  c h a r a c t e r i s e d   in  t ha t   t h e  

molar  r a t i o   of  d i v a l e n t   metal  ions  to  phosphonate   ions  is  at  l e a s t  

4 : 1 .  

12.  A  process   a c c o r d i n g   to  e i t h e r   of  c laims  10  or  1 1 ,  

c h a r a c t e r i s e d   in  t h a t   the   d i v a l e n t   metal  ion  is  s e l e c t e d   from  t h e  

group  compr i s ing   c a l c ium,   magnesium,  nickel   or  c o b a l t .  



13.  A  process   accord ing   to  claim  12,  c h a r a c t e r i s e d   in  t h a t   t h e  

d i v a l e n t   metal  ion  is  magnes im.  

14.  A  process   accord ing   to  any  of  c la ims  1  to  6  and  9  to  1 3 ,  

c h a r a c t e r i s e d   in  t h a t   the  pH  of  the  b a t h  i s   from  7.0  t o  1 0 . 0 .  

15.  A  process   accord ing   to  claim  14,  c h a r a c t e r i s e d   in  t ha t   t h e  

pH  of  the  bath  is  from  7.0  to  9 . 0 .  

16.  A  process   accord ing   to  any  of  c la ims  1  to  6  and  9  to  1 5 ,  

c h a r a c t e r i s e d   in  t ha t   the  s m u t - i n h i b i t i n g   agent  is  p r e s e n t   in  a 

q u a n t i t i y   of  from  1  to  500  ppm. 

17.  A  process   accord ing   to  claim  16,  c h a r a c t e r i s e d   in  t h a t   t h e  

smut  i n h i b i t i n g   agent  is  p r e s e n t   in  a  q u a n t i t y   of  from  5  to  100 

p p m . "  

18.  A  process   acco rd ing   to  claim  3,  c h a r a c t e r i s e d   in  t h a t   s e a l i n g  

bath  compr ises   one  or  more  of  the  p roduc t s   formed  by  the  r e a c t i o n  

of  the  s u l p h o n a t i o n   p roduc t s   of  d i p h e n y l ,   p h e n y l t o l u e n e ,  

d i m e t h y l d i p h e n y l ,   d i p h e n y l e t h e r ,   d i p h e n y l s u l p h i d e ,  

d i p h e n y l s u l p h o x i d e ,   d i h y d r o x y d i p h e n y l s u l p h o n e ,   d ipheny lene   o x i d e ,  

d i p h e n y l e n e s u l p h i d e   and  b isphenol   with  an  a ldehyde  a n d / o r  

d i m e t h y l o l u r e a   or  a  mixture   of  fo rmaldehyde   and  urea  or  where  t h e  

s u l p h o n a t e d   a romat ic   compound  is  a  s u l p h o n a t e d   d e r i v a t i v e   of  p h e n o l ,  

c reso l   or  naphthol  the  r e a c t i o n   p roduc t s   t h e r e o f   w i t h  

d i m e t h y l o l u r e a .  

19.  A  p rocess   a c c o r d i n g   to  claim  18,  c h a r a c t e r i s e d   in  t ha t   t h e  

s e a l i n g   bath  c o n t a i n s   from  0.01  to  5.0  g m s / l i t r e   of  the  r e a c t i o n  

p r o d u c t .  

20.  A  process   accord ing   to  any  of  the  p reced ing   c l a i m s ,  

c h a r a c t e r i s e d   in  t h a t   the  s e a l i n g   bath  compr ises   a  s u r f a c e   a c t i v e  

a g e n t .  



21.  A  p rocess   a cco rd ing   to  claim  20,  c h a r a c t e r i s e d   in  t ha t   t h e  

s u r f a c e   a c t i v e   agent  is  c a r b o x y m e t h y l c e l l u l o s e .  

22.  A  p rocess   a cco rd ing   to  claim  18,  c h a r a c t e r i s e d   in  tha t   t h e  

bath  c o n t a i n s   from  5  to  100  ppm  of  c a r b o x y m e t h y l c e l l u l o s e .  

23.  Anodised  aluminium  which  has  been  sea led   by  a  p r o c e s s  

a c c o r d i n g   to  any  of  c la ims  1  to  2 2 .  

24.  A  c o n c e n t r a t e   useful   for  a d d i t i o n   to  s e a l i n g   baths  which  i s  

c h a r a c t e r i s e d   in  t h a t   i t   compr ises   at  l e a s t   one  s m u t - i n h i b i t i n g  

a d d i t i v e   as  h e r e i n b e f o r e   d e s c r i b e d   and  a  water   s o l u b l e   b a s e .  
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