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©  A  method  of  fabricating  structures  from  aluminium  sheet  and  structures  comprising  aluminium  components. 
  An  anodising  process  in  an  acidic  electrolyte  preferably 
comprising  phosphoric  or  sulphuric  acid  produces  an  anodic 
oxide  layer  on  an  aluminium  sheet  in  a  period  of  2  minutes  or 
less  and,  with  appropriate  conditions,  in  less  than  15 
seconds.  The  anodised  sheet  is  formed  into  components 
which  are  secured  together  by  adhesive  and  by  localised 
mechanical  fastening  means  such  as  spot-welds.  The  resul- 
tant  structure  may  be  of  sufficient  strength  and  durability  to 
be  used  as  the  structural,  load  bearing  parts  of  a  motor 
vehicle  body. 



This  i n v e n t i o n   r e l a t e s   to  a  method  of  f a b r i c a t i n g   s t r u c t u r e s  

from  aluminium  sheet   and  s t r u c t u r e s   compris ing   a lumin ium 

componen t s .  

The  term  "aluminium"  as  used  here  and  t h roughou t   t h e  

s p e c i f i c a t i o n   is  in tended  to  inc lude   aluminium  a l l o y s .  

I t   is  well  known  for  aluminium  s t r u c t u r e s   to  be  f a b r i c a t e d   by 

bonding  components  t o g e t h e r   a f t e r   having  p r e - t r e a t e d   t h e  

s u r f e c e s   of  the  components.   One  such  p r e - t r e a t m e n t   i s   DC 

phosphor ic   acid  anod i s ing   as  used  in   the  a i r c r a f t   i n d u s t r y ,  

p a r t i c u l a r l y   by  Boeing  ( B r i t i s h   P a t e n t   1 , 5 5 5 , 9 4 0 ) ,   and  t h i s  

form  of  p r e - t r e a t m e n t   is  cons ide red   to  be  one  of  the  b e s t  

a v a i l a b l e   for  l o n g - t e r m   d u r a b i l i t y   in  s t r u c t u r a l   a p p l i c a t i o n s .  

This  d u r a b i l i t y   is  thought   to  depend  on  the  s t r u c t u r e   of  t h e  

oxide  l aye r   produced  by  DC  phosphor ic   acid  a n o d i s i n g   under   t h e  

Boeing  c o n d i t i o n s   de sc r i bed   end  many  papers  have  been  w r i t t e n  

on  th is   sub jec t   (eg  J  D  Venables  et  a l ,   Appl.  Sur face   S c i e n c e  

3,  1979,  88-98) .   However,  the  Boeing  process   r e q u i r e s   an  

anod i s ing   time  of  5-60  minutes  in  a  phosphor ic   acid  e l e c t r o l y t e  

at  a  t empera tu re   of  10-30°C.  In  p r a c t i c e   an  a n o d i s i n g   t i m e  

of  20-30  minutes   is  u s u a l l y   used,  and  c l e a r l y   t h i s   is  o n l y  

s u i t a b l e   for  batch  t r ea tmen t   of  components  r a t h e r   than  as  a 



con t inuous   t r ea tmen t   for  aluminium  c o i l .   Although  oxide  l a y e r  

t h i c k n e s s e s   are  not  r e p o r t e d   in  the  p a t e n t   examples,   i n  

p r a c t i c e   a  minimum  t h i c k n e s s   of  300-400  nm  appears   neces sa ry   t o  

achieve  the  des i r ed   p r o p e r t i e s .  

Oxide  l a y e r s   produced  by  the  Boeing  -process   have  e x c e l l e n t  

p r o p e r t i e s   as  adhes ive   s u b s t r a t e s ,   to  the  ex t en t   tha t   t h e y  

c o n s t i t u t e   a  s t a n d a r d  t o   which  the  r e s t   of  the  i n d u s t r y   a s p i r e s .  

I t   has  also  been  proposed  for  aluminium  s t r u c t u r e s   to  be 

"weld-bonded" ,   tha t   is  bonded  with  adhes ive   but  a l s o  

s p o t - w e l d e d .  

According  to  a  f i r s t   aspect   of  t h i s   i n v e n t i o n   there   is  p r o v i d e d  

a  method  of  f a b r i c a t i n g   s t r u c t u r e s   from  aluminium  sheet   which  

comprises   the  s t eps   of  s u b j e c t i n g   the  aluminium  sheet   to  an 

anod i s ing   process   in  an  a c i d i c   e l e c t r o l y t e   for  a  per iod   of  2 

minutes  or  l e s s   to  form  an  anodic  oxide  l aye r   t h e r e o n ;  

p roduc ing   components  of  a  d e s i r e d   shape  from  the  a l umin ium 

shee t ;   and  s ecu r ing   two  components  t o g e t h e r   by  adhes ive   and  by 

l o c a l i s e d   mechanica l   f a s t e n i n g   means .  

According  to  a  second  a spec t   of  t h i s   i n v e n t i o n   the re   i s  

provided  a  s t r u c t u r e   compr is ing   aluminium  components  which  a r e  

secured  t o g e t h e r   by  adhes ive   and  by  l o c a l i s e d   m e c h a n i c a l  

f a s t e n i n g   means  and  in  which  the  components   have  an  a n o d i c  



oxide  l aye r   formed  the reon   by  being  s u b j e c t e d   to  an  a n o d i s i n g  

p r o c e s s   in  an  ac id ic   e l e c t r o l y t e   for  a  per iod  of  2  minutes  o r  

l e s s .  

P r e f e r r e d   f e a t u r e s   of  t h i s   i n v e n t i o n   wi l l   be  a p p a r e n t   from  t h e  

s u b s i d i a r y   claims  of  the  s p e c i f i c a t i o n .  

The  i n v e n t i o n   enables   s t r u c t u r e s   to  be  f a b r i c a t e d   from 

aluminium  components  which  have  undergone  a  rapid  p r e - t r e a t m e n t  

but  which  n e v e r t h e l e s s   g ives   r i se   -to  bonds  of  s t r e n g t h   and 

d u r a b i l i t y   comparable  to  those  achieved  using  the  Boeing  

p r o c e s s .  

P r e f e r r e d   forms  of  the  i n v e n t i o n   also  have  the  advantage   t h a t  

the  a n o d i s i n g   process   can  be  c a r r i e d   out  on  aluminium  sheet   i n  

co i l   form  and  can  thus  be  e f f e c t e d   c o n t i n u o u s l y .   P r e f e r r e d  

forms  of  the  i n v e n t i o n   a lso  have  the  advantage   of  b e i n g  

s p o t - w e l d a b l e .  

F a c t o r s   a f f e c t i n g   f e a t u r e s   of  th i s   i n v e n t i o n   and  t h e i r  

i n f l u e n c e   on  p r e f e r r e d   forms  of  the  i n v e n t i o n   w i l l   now  be 

d i s c u s s e d   merely  by  way  of  i l l u s t r a t i o n .  



Equipment  for  con t inuous   a n o d i s i n g   of  aluminium  s t r i p   is  w e l l  

known,  and  is  d e s c r i b e d   for  example  in  "Automat ion  i n  

Anodis ing"  by  W  E  Cooke  (Aluminium  A s s o c i a t i o n ,   Aluminium 

F i n i s h i n g   Symposium,  Chicago,  March  1973).  S u i t a b l e   e q u i p m e n t  

i n c l u d e s   an  e longated   bath  with  i n l e t   and  o u t l e t   por t s   f o r  

e l e c t r o l y t e   and  with  opposed  end  faces  h a v i n g   sea l s   i f  

n e c e s s a r y   through  which  the  con t inuous   aluminium  s t r i p   p a s s e s ,  

the  ar rangement   being  such  tha t   the  e l e c t r o l y t e   p r e f e r a b l y  

flows  c o u n t e r c u r r e n t   to  the  s t r i p .   Two  or  more  e l e c t r o d e s   a r e  

p o s i t i o n e d   8d jacen t   or  indeed  su r round ing   the  moving  s t r i p ,   t h e  

e l e c t r o d e s   being  spaced  in  the  d i r e c t i o n   of  t r a v e l   of  t h e  

s t r i p .   Current   leakage  through  the  e l e c t r o l y t e   is  low  b e c a u s e  

the  e l e c t r o l y t e   has  a  much  lower  c o n d u c t i v i t y   than  the  m e t a l .  

In  a  p r e f e r r e d   form  of  the  i n v e n t i o n   the  aluminium  sheet   is  i n  

the  form  of  a  coi l   for  the  advantage   of  rapid  a n o d i s i n g   and  f o r  

conven ience   of  s to rage   and  t r a n s p o r t .   In  o rde r   for  t h e  

a n o d i s i n g   process   to  be  c a r r i e d   out  c o n t i n u o u s l y ,   the  t a i l   o f  

one  c o i l   may  be  joined  to  the  head  of  the  next  so  tha t   t h e  

shee t   can  be  c o n t i n u o u s l y   passed  through  a  bath  o f  

e l e c t r o l y t e .   E x i s t i n g   aluminium  t r ea tmen t   p l a n t s   g e n e r a l l y  

have  a  l i ne   speed  of  at  l e a s t   50  m/min,  and  o f t en   of  150-250  

m/min.  Thus,  in  order  to  avoid  the  need  for  very  l o n g  

e l e c t r o l y t e   baths ,   the  a n o d i s i n g   process   should  take  p l a c e  

r a p i d l y .   A  con tac t   time  of  15  seconds  between  the  shee t   and 



the  e l e c t r o l y t e   is  the  longes t   tha t   is  l i k e l y   to  be  p r a c t i c a b l e  

on  e x i s t i n g   p l a n t .   E l e c t r o l y t e   c o n t a c t   times  of  1  to  6 

seconds,  and  p r e f e r a b l y   2  to  3  seconds ,   are  l i k e l y   to  be  

conven ien t ,   and  times  as  shor t   as  0.5  seconds  are  p o s s i b l e .  

The  e l e c t r o l y t e   con tac t   time  at  any  p a r t i c u l a r   l ine   speed  may 

be  regarded  as  a  f ixed  f e a t u r e   of  the  p l an t ,   and  one  a b o u t  

which  the  o the r   p rocess   v a r i a b l e s   are  a d j u s t e d .   On  c e r t a i n  

types  of  p l an t   much  s lower  l i ne s   can  be  used  and  hence  l o n g e r  

anodis ing   t i m e s .  

During  the  anod i s ing   p rocess   a  s a t i s f a c t o r y   balance  must  be 

achieved  between  anodic  oxide  f o r m a t i o n   on  the  aluminium  s h e e t  

and  d i s s o l u t i o n   of  the  oxide  in  the  ac id i c   e l e c t r o l y t e .  

S u f f i c i e n t   anodic  oxide  must  be  grown  to  give  a d e q u a t e  

s t r u c t u r a l   s t r e n g t h   to  the  oxide  l aye r   and  to  provide   an  

adequate  s u r f a c e   area  to  p rov ide   a  good  s u b s t r a t e   f o r  

adhes ive .   Equa l ly ,   d i s s o l u t i o n   of  the  anodic  oxide  l aye r   t a k e s  

place  so  tha t   the  s u r f a c e   area  is  e f f e c t i v e l y   en la rged   by 

a t t a ck   of  the  pore  wall  s t r u c t u r e .   However,  th is   a t t a c k   must  

not  be  s u f f i c i e n t   to  cause  breakdown  and  powdering  of  the  o x i d e  

l a y e r .  

Anodic  oxide  fo rmat ion   is  e s s e n t i a l l y   c o n t r o l l e d   by  t h e  

anodis ing   c u r r e n t   d e n s i t y   used.  Anodic  oxide  growth  per  u n i t  

time  is  s u b s t a n t i a l l y   p r o p o r t i o n a l   to  anod i s ing   c u r r e n t  



d e n s i t y .   With  the  shor t   con tac t   times  a v a i l a b l e ,   the  c u r r e n t  

d e n s i t y   needs  to  be  high  to  achieve  a  s u f f i c i e n t l y   th ick   ox ide  

l a y e r .   The  c u r r e n t   dens i t y   is  p r e f e r a b l y   at  l e a s t   250  A/m2. 

It  is  convenien t   to  r e l a t e   cu r r en t   d e n s i t y   with  e l e c t r o l y t e  

c o n t a c t   time  in  order   to  achieve  a  d e s i r e d   o x i d e .  t h i c k n e s s .  

This  may  be  expressed   by  saying  that   the  t o t a l   anod i s ing   i n p u t  

wi l l   u s u a l l y   be  in  the  range  2×104  to  12x10 ,   p a r t i c u l a r l y  

3×104  to  6×104,  C/m2. 

Film  a t t a c k   is  e s s e n t i a l l y   c o n t r o l l e d   by  the  n a t u r e ,  

c o n c e n t r a t i o n ,   and  t empera tu re   of  the  e l e c t r o l y t e ,   w i t h  

t e m p e r a t u r e  b e i n g   the  nost  impor tan t   f a c t o r .   In  c o n s i d e r i n g  

the  na ture   of  t h i s   a t t a c k ,   it  needs  to  be  borne  in  mind  tha t   an 

anodic  oxide  fi lm  is  c rea ted   at  the  m e t a l / o x i d e   i n t e r f a c e ,   i e  

at  the  inner   s u r f a c e   of  the  oxide  l a y e r   remote  from  t h e  

e l e c t r o l y t e .   Chemical  d i s s o l u t i o n   occurs  at  the  ou te r   s u r f a c e  

of  the  oxide  l a y e r ,   and  it  is  thus  the  o l d e s t   remaining  ox ide  

tha t   is  s u b j e c t   to  a t t a c k .  

The  a n o d i s i n g   e l e c t r i c   cu r r en t   is  p r e f e r a b l y   AC  so  tha t   t h e  

aluminium  sheet   is  a l t e r n a t e l y   a n o d i c a l l y   p o l a r i s e d   ( d u r i n g  

which  time  oxide  growth  p r edomina t e s )   and  c a t h o d i c a l l y  

p o l a r i s e d   (dur ing   which  time  chemical   d i s s o l u t i o n   of  the  o x i d e  

p r e d o m i n a t e s ) .   Biased  AC  wave  forms  may  be  employed  w i t h  



advantage  to  achieve  the  des i red   balance  between  anodic  growth  

of  the  oxide  layer   and  chemical  d i s s o l u t i o n .   The  AC  f r e q u e n c y  

may  be  g r e a t e r   or  (more  l i k e l y )   less  than  the  s t anda rd   50  c / s .  

A l t e r n a t i v e l y   DC  may  be  employed,  e i t h e r   c o n t i n u o u s l y   or  as  a 

pulsed  cu r ren t   to  i n c r e a s e   the  extent   of  chemical  d i s s o l u t i o n  

(between  the  pu l se s )   r e l a t i v e   to  growth  of  the  oxide  l a y e r .  

The  vol tage   is  de te rmined   by  the  value  of  c u r r e n t   ' d ens i t y   a t  

which  one  has  chosen  to  ope ra t e .   Hence  it  f inds   i t s   own  l e v e l  

accord ing   to  the  c u r r e n t   dens i ty   and  t empera tu re   ( i t   is  q u i t e  

markedly  e f f ec t ed   by  t empera tu re   at  cons t an t   cu r r en t   d e n s i t y ) .  

For  example  at  the  lower  end  of  the  t empera tu re   range,   eg  a t  

35°C,  the  vo l tage   is  about  40V  for  600  amps/meter2 .   The 

vo l t age   is  reduced  as  the  t empera ture   goes  u p .  

The  t empera tu re   of  the  e l e c t r o l y t e   is  p r e f e r a b l y   at  l e a s t  

250C  for  short   a n o d i s i n g   t imes.  If  the  e l e c t r o l y t e  

t empera tu re   is  too  low,  then  no  s i g n i f i c a n t   c h e m i c a l  

d i s s o l u t i o n   of  the  oxide  takes  place  during  the  ( l i m i t e d )  

e l e c t r o l y t e   con tac t   time  and  the  sur face   area  t h e r e o f   is  n o t  

i n c r e a s e d .   If  the  e l e c t r o l y t e   t empera ture   is  too  high,   t h e n  

chemical   d i s s o l u t i o n   may  outpace  oxide  growth  to  the  e x t e n t  

tha t   a l l   oxide  is  r e d i s s o l v e d   as  fas t   as  it   is  formed.  The 

p r e f e r r e d   t empera tu re   range  depends  on  the  ac ids   used  in  t h e  

e l e c t r o l y t e .   G e n e r a l l y ,   with  an  acid  that   r e a d i l y   a t t a c k s  

aluminium  oxide  a  lower  t empera tu re   is  needed  than  with  an  a c i d  

that   a t t a c k s   the  oxide  less   r e a d i l y .  



E l e c t r o l y t e   c o n c e n t r a t i o n   has  a  much  less   marked  e f f e c t   on  t h e  

ra te   of  chemical   d i s s o l u t i o n   of  the  oxide  f i lm  t h a n  

t e m p e r a t u r e .   The  d i s s o l u t i o n   ra te   i n c r e a s e s   with  e l e c t r o l y t e  

c o n c e n t r a t i o n   and  a  c o n c e n t r a t i o n   of  at  l e a s t   5%  by  weight  o f  

acid  is  found  p r e f e r a b l e   in  order   to  achieve  rap id   a n o d i s i n g .  

The  oxide  layer   formed  on  the  aluminium  sheet   by  the  a n o d i s i n g  

is  p r e f e r a b l y   r e l a t i v e l y   thin  compared  to  tha t   produced  in  t h e  

Boeing  p rocess .   If  the  components  are  to  be  s p o t - w e l d e d  

( d e s c r i b e d   below  in  more  d e t a i l )   the  t h i c k n e s s   of  the  o x i d e  

l a y e r   is  p r e f e r a b l y   kept  to  500nm  or  l e s s   o t h e r w i s e   t h e  

r e s i s t a n c e   of  the  l aye r   may  be  too  great   to  enable   s a t i s f a c t o r y  

s p o t - w e l d s   to  be  e a s i l y   formed.  The  t h i c k n e s s   of  the  o x i d e  

l a y e r   is  also  p r e f e r a b l y   at  l e a s t   15nm  as  below  t h i s   l e v e l  

c o n t r o l l e d   chemical   d i s s o l u t i o n   of  the  oxide  is  d i f f i c u l t   t o  

a c h i e v e .  

The  a n o d i s i n g   p rocess   can  be  c a r r i e d   out  in  a  number  o f  

d i f f e r e n t   e l e c t o l y t e s   based  on  acids  such  as  phosphor i c   a c i d  

and  s u l p h u r i c   acid  or  o ther   acids   in  which  porous  a lumin ium 

oxide  l aye r s   are  formed,  such  as  chromic  acid  or  o x a l i c   a c i d .  

The  e l e c t r o l y t e   may  also  comprise  a  mixture   of  such  a c i d s .  



A  p r e f e r r e d   e l e c t r o l y t e   comprises   from  5  to  15%  by  weight  o f  

phosphor ic   ac id .   Phosphor ic   acid  is  capable   of  s t r o n g l y  

a t t a c k i n g   the  anodic  oxide  l ayer   so  it   is  d i f f i c u l t   to  a c h i e v e  

a  balance  between  oxide  fo rmat ion   and  oxide  d i s s o l u t i o n   d u r i n g  

the  anod i s ing   process   p a r t i c u l a r l y   when  shor t   anod i s ing   t i m e s  

are  needed  to  be  compat ib le   with  e x i s t i n g   process   l i n e s .   Wi th  

an  anodis ing   time  of  15  seconds  or  l e s s ,   the  cu r r en t   d e n s i t y  

used  should  p r e f e r a b l y   be  at  l e a s t   250  A/m2  and  may  be  a s  

high  as  can  be  achieved  with  the  equipment  used,  eg  up  to  3000 

A/m2.  A  p r e f e r r e d   c u r r e n t   d e n s i t y   range  is  300  to  1500 

A/m2. 

As  phosphor ic   acid  a t t a c k s   aluminium  oxide  so  r e a d i l y ,   i t   i s  

d i f f i c u l t   to  achieve  s u f f i c i e n t   oxide  growth  at  h i g h  

t e m p e r a t u r e s .   It  has  not  proved  p o s s i b l e   to  g e n e r a t e   an  a n o d i c  

oxide  layer   under  AC  c o n d i t i o n s   in  a  phosphor ic   a c i d  

e l e c t r o l y t e   at  90°C  even  with  a  c u r r e n t   d e n s i t y   of  1250 

A/m2.  When  AC  a n o d i s i n g   is  employed,  the  optimum  e l e c t r o l y t e  

t empera tu re   is  l i k e l y   to  be  in  the  range  30  to  70°C.  With  DC 

anod i s ing ,   somewhat  h ighe r   t e m p e r a t u r e s   up  to  80°C  may  be 

u s e f u l .  

With  the  optimum  c o n d i t i o n s   d e s c r i b e d ,  a n o d i s i n g   times  as  s h o r t  

as  0.5  seconds  may  be  a c h i e v e d .  



A  f u r t h e r   advantage  of  using  a  phosphor ic   acid  e l e c t r o l y t e   i s  

tha t   the  anodic  oxide  l aye r   formed  i n c o r p o r a t e s   s i g n i f i c a n t  

amounts  of  phospha te .   Phosphate   is  known  to  be  a  h y d r a t i o n  

i n h i b i t o r   with  oxide  s u r f a c e s ,   and  as  d e t e r i o r a t i o n   of  t h e  

p r e - t r e a t e d   su r face   often  occurs   through  h y d r a t i o n   of  t h e  

oxide,   at  l e a s t   at  i t s   s u r f a c e ,   the  p resence   of  a  h y d r a t i o n  

i n h i b i t o r   at  th i s   point   is  b e n e f i c i a l .  

Because  the  oxide  is  r e a d i l y   a t t acked   by  the  hot  p h o s p h o r i c  

acid  e l e c t r o l y t e ,   rapid  r i n s i n g   of  the  oxide  layer   su r face   i s  

r e q u i r e d   a f t e r   anod i s ing ,   and  th i s   is  r e a d i l y   achieved  in  a 

con t inuous   co i l   p r o c e s s .  

The  r e s u l t   of  the  phosphor ic   acid  a n o d i s i n g   process   is  an  

aluminium  sheet  c a r r y i n g   a  porous  anodic  oxide  l ayer   which  

c o n t a i n s   phosphate  ions,   the  pores  of  which  are  enlarged  so 

tha t   the  e f f e c t i v e   s u r f a c e   area  of  the  oxide  l ayer   i s  

i n c r e a s e d .   The  oxide  l aye r   is  g e n e r a l l y   15  to  200  nm  t h i c k .  

With  an  e l e c t r o l y t e   con tac t   time  of  no  more  than  15  seconds,   i t  

is  d i f f i c u l t   to  produce  an  oxide  l ayer   more  than  200  nm  t h i c k .  

Another   p r e f e r r e d   e l e c t r o l y t e   comprises   10  to  30%  by  weight  o f  

s u l p h u r i c   acid.   Su lphur i c   acid  a t t a c k s   aluminium  oxide  l e s s  

r e a d i l y   than  phosphor ic   acid  so  the  e l e c t r o l y t e   is  g e n e r a l l y  

more  c o n c e n t r a t e d   and  at  a  h i g h e r   t e m p e r a t u r e   than  that   u sed  



with  phosphor ic   acid  in  order   to  m a i n t a i n   a  s u f f i c i e n t  

d i s s o l u t i o n   r a t e   of  the  oxide.   With  a  s u l p h u r i c   a c i d  

e l e c t r o l y t e   the  a n o d i s i n g   process   is  p r e f e r a b l y   e f f e c t e d   at  a 

t empera tu re   of  at  l e a s t   50°C.  The  optimum  e l e c t r o l y t e  

t empera tu re   is  in  the  range  70°  to  95°C. 

With  a  c u r r e n t   d e n s i t y   of  at  l e a s t   250  A/m2  and  an  

e l e c t r o l y t e   c o n t a c t   time  of  between  0.5  and  15  seconds,   t h e  

oxide  layer   formed  g e n e r a l l y   has  a  t h i c k n e s s   of  300  nm  or  l e s s .  

Condi t ions   s i m i l a r   to  those  d e s c r i b e d   in  UK  P a t e n t  

S p e c i f i c a t i o n   No.  1235661  which  d i s c l o s e s   a  method  of  a n o d i s i n g  

aluminium  sheet   in  a  s u l p h u r i c   acid  e l e c t r o l y t e   in  p r e p a r a t i o n  

for  the  a p p l i c a t i o n   of  l acque r   may  also  be  s u i t a b l e .  

After   the  a n o d i s i n g   p rocess ,   press   l u b r i c a n t   which  is  s e l e c t e d  

to  be  compa t ib l e   with  the  a n o d i s i n g   p rocess   used  and  t h e  

adhesive   s u b s e q u e n t l y   a p p l i e d ,   for  i n s t a n c e   Houghtodraw  7002 

(Trademark)  made  by  Edgar  Vaughan  Limi ted ,   is  app l i ed   onto  t h e  

oxide  l aye r .   The  aluminium  sheet   is  then  cut  in to   d i s c r e t e  

l eng ths   or  is  r e c o i l e d   for  ease  of  s t o r a g e .   A l t e r n a t i v e l y ,   t h e  

aluminium  sheet   can  be  cut  into  d i s c r e t e   l e n g t h s   be fore   t h e  

press  l u b r i c a n t   is  a p p l i e d .   It  is  a lso  p o s s i b l e   to  r e c o i l   t h e  

aluminium  sheet   a f t e r   the  anodis ing   p rocess   for  s t o r a g e   and  t o  

apply  the  press   l u b r i c a n t   a f t e r   it  has  been  unco i l ed   aga in ,   t h e  



sheet   being  cut  in to   d i s c r e t e   l e n g t h s   e i t h e r   before   or  a f t e r  

the  a p p l i c a t i o n   of  the  press   l u b r i c a n t .   The  press   l u b r i c a n t   i s  

p r e f e r a b l y   app l i ed   by  machine,  eg  by  sp ray ing   or  r o l l e r  

coa t ing ,   to  ensure  tha t   a  uniform  c o a t i n g   is  formed.  As  l i t t l e  

press  l u b r i c a n t   as  is  n e c e s s a r y   for   s a t i s f a c t o r y   forming  i s  

u s e d  -   u s u a l l y   l ess   than  20  grammes/square   metre ,   and 

p r e f e r a b l y   less   than  5  g rammes/square   metre .   A  l i g h t   o i l   o r  

s e p a r a t i n g   agent  such  as  d i o c t y l   s ebaca t e   as  used  p r i o r   t o  

c o i l i n g   aluminium  s t r i p ,   or  l a c q u e r   as  used  in  the  c a n n i n g  

i n d u s t r y ,   are  n o t  s u i t a b l e   as  press   l u b r i c a n t s .  

In  some  forming  o p e r a t i o n s   no  press   l u b r i c a n t   is  r e q u i r e d .  

Some  s t r u c t u r e   can  also  be  produced  wi thout   any  f o r m i n g  

o p e r a t i o n .  

Having  produced  d i s c r e t e   l e n g t h s   of  aluminium  sheet   c a r r y i n g  

the  oxide  l aye r   and  press   l u b r i c a n t   by  any  of  the  r o u t e s  

d e s c r i b e d   above,  these  are  then  formed  in to   components  o f  

d e s i r e d   shapes .   In  the  case  of  components  for  a  motor  v e h i c l e  

body,  t h i s   may  invo lve   p r e s s i n g   the  shee t   between  d ies   and  t h e  

punching  of  any  holes   r e q u i r e d .   An  epoxide  a d h e s i v e ,   f o r  

i n s t a n c e   that   produced  by  Permabond  Inc  under  the  Trade  Mark 

ESP105,  is  then  app l i ed   to  the  components  which  are  a s s e m b l e d  

t o g e t h e r   in  a  j i g .   The  components  are  then  secured  t o g e t h e r   by 

l o c a l i s e d   mechanica l   f a s t e n i n g   means,  for  i n s t a n c e   s p o t - w e l d s ,  



while  the  adhes ive   is  s t i l l   f l u i d .   The  s t r u c t u r e   can  thus  be 

removed  from  the  j ig  before   the  adhesive  has  cu red .   The 

adhes ive   is  cured  for  10-30  minutes  at  a  t e m p e r a t u r e   of  150° 

to  180°  or  such  o ther   times  and  t empera tu re s   as  are  s u i t a b l e  

for  the  p a r t i c u l a r   adhes ive   used.  Phenol ic   or  a c r y l i c  

adhes ive s   can  be  used  in  place  of  the  epoxide  a d h e s i v e .  

The  anodised  aluminium  co i l   or  cut  sheets   can  be  s t o r e d   for  up 

to  6  months  in  many  t y p i c a l   s to rage   c o n d i t i o n s   wi thou t   any 

s i g n i f i c a n t   d e t e r i o r a t i o n   in  the  oxide  l aye r .   The  oxide  l a y e r  

is  thus  capable   of  p rov id ing   a  sound  base  for  a  s t r ong   and 

du rab le   adhes ive   bond  even  i f   the  sheet   is  s t o r e d   for  a 

c o n s i d e r a b l e   time  between  the  anodis ing   p rocess   and  t h e  

a p p l i c a t i o n   of  adhes ive .   In  p r a c t i c e ,   it  is  e s s e n t i a l   tha t   t h e  

anodised  sheet   is  s t o rage   s t a b l e   as  there  is  o f ten   a  delay  o f  

at  l e a s t   48  hours  (2  days)  and  u sua l l y   more  than  168  hours  (7 

days)  between  the  anod i s ing   of  the  aluminium  sheet   at  one  s i t e ,  

eg  at  an  aluminium  mil l ,   and  the  forming  of  the  aluminium  s h e e t  

in to   components  of  des i r ed   shape  at  ano the r   s i t e ,   eg  in  a 

v e h i c l e   p r o d u c t i o n   l i n e .   The  s to rage   s t a b i l i t y   of  the  a n o d i s e d  

aluminium  sheet   is,   of  course ,   enhanced  i f   the  p ress   l u b r i c a n t  

is  app l i ed   before   s t o r a g e .  

The  aluminium  sheet   may  be  degreased   before   the  a n o d i s i n g  

p rocess   but  one  advantage  of  AC  anod i s ing   is  that   i t   r e n d e r s  



the  su r face   of  the  sheet   c y c l i c a l l y   anodic  and  ca thod ic   w i t h  

e v o l u t i o n   of  hydrogen  at  the  s u r f a c e .   This  tends  to  s e p a r a t e  

any  grease   or  o ther   c o n t a m i n a t i o n   from  the  sur face   of  the  s h e e t  

so  the  c o n t a m i n a t i o n   is  l i f t e d   off   the  s u r f a c e .   Air  a g i t a t i o n  

can  a lso  be  used  to  a s s i s t   in  the  removal  of  c o n t a m i n a t i o n .   As 

mentioned  above,  the  e l e c t r o l y t e   may  also  be  passed  through  t h e  

bath  in  a  d i r e c t i o n   oppos i t e   to  tha t   of  advance  of  t h e  

aluminium  sheet   so  tha t   any  c o n t a m i n a t i o n   in  the  bath  is  swep t  

away  from  the  area  of  the  bath  where  the  sheet   emerges  from  t h e  

e l e c t r o l y t e .  

The  press   l u b r i c a n t   app l ied   to  the  oxide  l aye r   may  be  o i l ,  

grease  or  water  based.   The  removal  of  an  a p p r o p r i a t e l y  

s e l e c t e d   press   l u b r i c a n t   remaining  on  the  formed  components  

p r i o r   to  a p p l i c a t i o n   of  the  adhes ive   is  not  n e c e s s a r y .   I n d e e d ,  

the  complete  removal  of  l u b r i c a n t   p r i o r   to  a p p l i c a t i o n   of  t h e  

adhes ive   would  be  i m p r a c t i c a b l e   in  a  mass  p roduc t ion   l i n e .   The 

press   l u b r i c a n t   may  be  pushed  as ide   by  the  s u b s e q u e n t l y   a p p l i e d  

adhes ive   but  may  also  become  d i s p e r s e d   w i th in   the  a d h e s i v e .  

The  press   l u b r i c a n t   should  t h e r e f o r e   be  compat ib le   with  t h e  

anodised  aluminium  and  with  the  adhes ive   so  that   i t   does  n o t  

unduly  a f f e c t   bond  d u r a b i l i t y   and  s t r e n g t h .   The  p r e s s  

l u b r i c a n t   should  also  be  capable   of  ready  removal  p r i o r   to  a n y  

p a i n t i n g   o p e r a t i o n   even  a f t e r   being  s u b j e c t e d   to  any  e l e v a t e d  

t e m p e r a t u r e   at  which  adhes ive   has  been  c u r e d .  



The  adhes ive   used  in  the  j o i n t s   should  be  capable   of  r e t a i n i n g  

i t s   s t r e n g t h   under  a  wide  v a r i e t y   of  c o n d i t i o n s   such  a s  

t e m p e r a t u r e   and  humid i ty .   The  adhes ive   should  wet  the  s u r f a c e  

i t   is  app l i ed   to  but  p r e f e r a b l y   be  such  that   i t   does  not  sag  o r  

dr ip   when  app l i ed   to  a  v e r t i c a l   s u r f a c e .   T h i x o t r o p i c   m a t e r i a l s  

may  thus  be  p r e f e r r e d .   The  adhes ive   may  be  app l i ed   by  any  

s u i t a b l e   method  and  may  be  appl ied   to  form  a  l ayer   from  a b o u t  

0.1  to  3.0  mm  t h i ck   in  the  f i n a l   j o i n t   depending  on  j o i n t  

geometry.   The  adhes ive   is  p r e f e r a b l y   s u f f i c i e n t l y   f l u id   to  be 

squeezed  out  of  the  way  at  l o c a t i o n s   in  the  j o i n t   where  

p r e s su re   is  app l i ed   by  a  s p o t - w e l d i n g   t o o l .   It  is  a l s o  

p o s s i b l e   to  use  adhes ive   in  a  powdered  or  tape  form.  The 

adhes ive   is  not  u s u a l l y   appl ied   over  the  e n t i r e   s u r f a c e   of  t h e  

components  a l though   t h i s   may  be  conven ien t   when  a  powdered 

adhes ive   is  u s e d .  

R e s i s t a n c e   s p o t - w e l d i n g   is  c a r r i e d   out  through  the  a d h e s i v e  

w h i l s t   t h i s   is  s t i l l   in  paste  form  us ing  5  mm  t r u n c a t e d   cone  

e l e c t r o d e s .   An  e l e c t r o d e   p re s su re   of  500  pounds  (2.2  KN)  i s  

held  for  a  time  equal  to  10  cycles   of  the  e l e c t r i c a l   w e l d i n g  

power  p r i o r   to  a  3  cycle   weld  at  23,000  amps,  and  is  f o l l o w e d  

by  a  ho ld ing   time  of  10  cyc les   to  al low  the  molten  slug  o f  

aluminium  produced  to  s o l i d i f y .   Adjacen t   welds  are  s p a c e d  

about  6  inches   to  1  foot  (15  to  30  cms)  a p a r t .  



It  has  been  found  tha t   a  s t r u c t u r e   formed  in  the  manner 

d e s c r i b e d   above  is  s t rong   enough  to  be  load  b e a r i n g   and  h a s  

du rab le   bonds  which  s u b s t a n t i a l l y   r e t a i n   t h e i r   s t r e n g t h   w i t h  

t ime.  It  wi l l   be  a p p r e c i a t e d   tha t   bes ides   ho ld ing   t h e  

s t r u c t u r e   t o g e t h e r   when  i t   is  removed  from  the  j i g ,   t h e  

s p o t - w e l d s   or  o ther   l o c a l i s e d   mechanical   f a s t e n e r s   a l s o  

i n c r e a s e   the  s t r e n g t h   of  the  j o i n t   between  the  bonded 

components  and  in  p a r t i c u l a r   i n c r e a s e   the  peel  s t r e n g t h   of  t h e  

j o i n t .  

Although  i t   is  p o s s i b l e   for   the  spo t -we lds   to  be  c a r r i e d   out  a t  

l o c a t i o n s   where  there   is  no  adhes ive ,   i t   wi l l   g e n e r a l l y   be 

found  d e s i r a b l e   to  spo t -we ld   at  a  p o s i t i o n   where  the re   i s  

a d h e s i v e ,   the  s p o t - w e l d i n g   being  c a r r i e d   out  t h r o u g h t   t h e  

adhes ive   before   i t   has  s e t .  

As  an  a l t e r n a t i v e   to  s p o t - w e l d i n g ,   the  components  may  be 

r i v e t t e d   t o g e t h e r   p r e f e r a b l y   using  r i v e t s   which  do  not  p i e r c e  

both  of  the  components  so  tha t   the  seal   between  the  components  

is  not  broken.   Other  forms  of  l o c a l i s e d   mechan ica l   f a s t e n e r s  

such  as  those  which  invo lve   l o c a l i s e d   mechan ica l   d i s t o r t i o n   o f  

the  components  to  secure  them  t o g e t h e r ,   eg  Tog-L-Lok  ( T r a d e  

Mark)  of  the  BTM  C o r p o r a t i o n ,   may  also  be  u s e d .  



The  aluminium  sheet   may  be  an  aluminium  a l l o y   such  as  the  2000,  

3000,  5000  or  6000  s e r i e s   of  the  Aluminium  A s s o c i a t i o n  

I n c o r p o r a t e d   R e g i s t e r .   The  optimum  a n o d i s i n g   c o n d i t i o n s   w i l l  

g e n e r a l l y   d i f f e r   for  each  a l loy   and  t i g h t e r   c o n t r o l   of  t h e  

c o n d i t i o n s   may  be  r e q u i r e d   with  the  2000  Se r i e s   than  with  t h e  

o the r s   to  ensure  tha t   a  s a t i s f a c t o r y   oxide  l aye r   is  p r o d u c e d .  

It  should  also  be  noted  tha t   magnesium  r i ch   a l l oys   of  the  5000 

Se r i e s   form  an  oxide  l a y e r   c o n t a i n i n g   magnesium  oxide  (MgO) 

which  is  more  s o l u b l e   in  ac id i c   e l e c t r o l y t e s   so  a  l o w e r  

t e m p e r a t u r e   may  need  to  be  used  with  such  a l l o y s .  

Examples  of  c o n d i t i o n s   used  in  the  a n o d i s i n g   process   wil l   now 

be  given  merely  by  way  of  i l l u s t r a t i o n .  



EXAMPLE  1 

Panels   of  5251  a l l oy   were  AC  anodised  in  a  10%  by  w e i g h t  

phosphor ic   acid  e l e c t r o l y t e   at  a  t empera tu re   of  45°C  and  a 

c u r r e n t   dens i t y   of  600  A/m2  for  a  period  of  10  seconds .   The 

panels   were  r insed   immedia te ly   a f t e r  t h e   anod i s ing   p r o c e s s .  

The  panels   were  then  bonded  in  a  p e r f o r a t e d   l a p - s h e a r   j o i n t  

c o n f i g u r a t i o n   using  a  toughened  epoxy  adhesive   ESP105  (Trade  

Mark)  produced  by  Permabond  Inc.  The  i n i t i a l   bond  s t r e n g t h   was 

measured  and  the  p e r f o r a t e d   j o i n t s   were  exposed  to  a  n e u t r a l  

s a l t   spray  at  43°C  for  per iods   of  2,  4,  and  8  weeks.  At 

these  i n t e r v a l s ,   samples  were  taken  and  the  r e t e n t i o n   o f  

i n i t i a l   bond  s t r e n g t h   moni tored .   As  a  c o n t r o l ,   m a t e r i a l  

prepared   as  in  B r i t i s h   Pa ten t   s p e c i f i c a t i o n   1555940  was  a l s o  

bonded  and  t e s t e d .   This  was  5251  a l loy ,   DC  anodised  at  12V  i n  

10%  by  weight  phosphor ic   acid  s o l u t i o n   for  30  m i n u t e s .  

I n i t i a l   bond  s t r e n g t h s   were  i d e n t i c a l ;   a f t e r   the  e lapse   of  8 

weeks  the  r e t e n t i o n   of  bond  s t r n g t h   of  the  m a t e r i a l   p repared   a s  

d e s c r i b e d   in  Example  1  was  71.9%  as  compared  to  70.1%  for  t h e  

DC  prepared   m a t e r i a l .   This  demons t ra t e s   the  p o t e n t i a l  

performance  of  s u r f a c e s   prepared   by  anod i s ing   using  e x t r e m e l y  

shor t   p r e - t r e a t m e n t   t i m e s .  



EXAMPLE  2 

In  the  second  example,  aluminium  sheet  5251  a l loy   is  d e g r e a s e d  

using  t r i c h l o r o e t h y l e n e   vapour.   The  sheet   is  then  s u b j e c t e d   t o  

a l k a l i n e   c l ean ing   using  a  10%  by  volume  aqueous  s o l u t i o n   o f  

Oakite  NST  (Trade  Mark)  at  50°C.  The  sheet   is  immersed  i n  

th i s   s o l u t i o n   for  a  period  of  5  minutes  and  then  r insed   i n  

running  water  for  a  period  of  5  minutes .   This  t r e a t m e n t  

r e s u l t e d   in  a  water  break  f ree   su r f ace .   The  s u r f a c e   is  t h e n  

deox id i sed   using  a  s o l u t i o n   compris ing  259/1  of  p o t a s s i u m  

d ich romate ,   50g/1  of  s u l p h u r i c   acid  with  small  a d d i t i o n s   o f  

f l u o r i d e ,   ammonium,  aluminium,  calcium  and  phosphate   ions .   A 

s u i t a b l e   s o l u t i o n   is  Deoxodiser   No  1  (Trade  Mark)  produced  by 

ICI  plc .   The  sheet   is  immersed  in  th i s   deoxod i s ing   s o l u t i o n  

for  a  period  of  3  minutes  and  then  r insed   in  running  water  f o r  

a  per iod  of  10  minutes .   This  removes  the  p r e - e x i s t i n g  

a i r - f o r m e d   oxide  l a y e r .   Next,  the  sheet  is  s u b j e c t e d   to  an  AC 

anod i s ing   process   for  a  per iod   of  1  minute  in  a  10%  by  w e i g h t  

aqueous  s o l u t i o n   of  o r t h o p h o s p h o r i c   acid  at  20°C  with  a 

c u r r e n t   dens i t y   of  80  A/m2.  The  sheet  is  f i n a l l y   r i n s e d   i n  

running  water  for  a  per iod  of  f ive   m i n u t e s .  

With  an  anodis ing   time  of  1  minute  th is   Example  is  a p p l i c a b l e  

to  a  r e l a t i v e l y   slow  moving  l i n e .  



EXAMPLE  3 

Example  3  is  s i m i l a r   to  Example  2  but  the  sheet   was  s u b j e c t e d  

to  an  AC  anod i s ing   p rocess   for  a  per iod   of  10  seconds  in  a  10% 

by  weight  aqueous  s o l u t i o n   of  s u l p h u r i c   acid  at  90°C  with  a  

c u r r e n t   dens i ty   of  1200  A / m 2 .  

In  order  to  a s se s s   the  d u r a b i l i t y   of  the  adhes ive   bonds  formed 

in  Examples  2  and  3,  t e s t   s t r i p s   were  p r e - t r e a t e d   and  t h e n  

bonded  t oge the r   using  Permabond  ESP105.  A  f i r s t   set  (D)  o f  

t e s t   s t r i p s   was  s u b j e c t e d   to  an  AC  anodis ing   p r e - t r e a t m e n t   i n  

phosphor ic   acid  as  d e s c r i b e d   in  Example  2  for  1  minute  and  a 

second  set  (E)  to  a  s i m i l a r   p r e - t r e a t m e n t   for  2  minutes .   A 

t h i r d   set  (F)  was  s u b j e c t e d   to  an  AC  anodis ing   p r e - t r e a t m e n t   i n  

s u l p h u r i c   acid  as  d e s c r i b e d   in  Example  3  for  10  seconds .   A  s e t  

(C)  of  con t ro l   s t r i p s   were  a l so   t e s t e d .   The  c o n t r o l   s t r i p s  

were  vapour  degreased   and  a l k a l i n e   cleaned  as  d e s c r i b e d   i n  

Example  2  and  then  d e o x i d i s e d   in  a  s o l u t i o n   compr i s ing   sodium 

d ichromate   and  s u l p h u r i c   acid  in  accordance  with  the  B o e i n g  

5555  s p e c i f i c a t i o n .   This  i nvo lved   a  DC  anod i s ing   p rocess   in  a  

12%  by  weight  o r t h o p h s p h o r i c   acid  e l e c t r o l y t e   at  a  t e m p e r a t u r e  

of  20  to  25°C  and  at  10  v o l t s   for  a  per iod  of  20  m i n u t e s .  

Test  s t r i p s   for  each  of  the  s e t s   C,  D,  E,  and  F  were  bonded  

t o g e t h e r   by  the  adhes ive   ESP105  (Trade  Mark)  as  d e s c r i b e d  



above.  The  lap  shear  s t r e n g t h   of  these  u n - p e r f o r a t e d   bonds  was 

t e s t e d   a f t e r   the  t e s t   s t r i p s   had  been  exposed  to  s a l t   spray  a t  

'43°C  for  2,  4,  8,  14,  27  and  48  weeks.  The  r e s u l t s   o b t a i n e d  

are  i l l u s t r a t e d   by  the  accompanying  graph  which  shows  t h e  

f a i l u r e   s t r e n g t h   of  the  u n - p e r f o r a t e d   j o i n t s   with  r e spec t   t o  

time  for  each  of  the  s e t s .   The  s t r e n g t h   r e t e n t i o n   a f t e r   48 

weeks  is  also  shown  in  Table  1 .  



S t r e n g t h   R e t e n t i o n   a f t e r   48  Weeks  Exposure  to  Sal t   S p r a y  

As  w i l l   be  seen,  the  s t r i p s   p r e - t r e a t e d   in  s u l p h u r i c   a c i d  

compare  very  f a v o u r a b l y   with  those  p r e - t r e a t e d   by  the  BAC  5555 

p rocess .   The  s t r i p s   p r e - t r e a t e d   in  phosphor ic   acid  also  show 

s t r e n g t h   r e t e n t i o n   a f t e r   48  weeks  only  s l i g h t l y   lower  than  t h a t  

achieved  with  the  Boeing  5555  p rocess .   This  should  be 

c o n t r a s t e d   to  s t r i p s   which  have  not  been  p r e - t r e a t e d   at  a l l   and 

which  would  lose  a l l   s t r e n g t h   w i th in   a  few  weeks.  The  g r e a t  

advan tage   of  the  AC  anodis ing   process   as  compared  to  the  Boe ing  

5555  p roces s   is  tha t   i t   forms  an  oxide  l aye r   which  g ives   good 

s t r e n g t h   r e t e n t i o n   and  which  can  be  spot  welded  th rough .   I t  

would  not  be  f e a s i b l e   to  spo t -we ld   through  the  oxide  l a y e r  

produced  by  the  Boeing  5555  p r e - t r e a t m e n t .  





Example  4 

In  Example  4,  aluminium  sheet   of  5251  a l loy  0.7  to  2.0  mm  t h i c k  

is  AC  anodised  in  an  e l e c t r o l y t e   compris ing  15%  by  w e i g h t  

s u l p h u r i c   acid  at  a  t empera tu re   of  80°C.  The  charge  input  a t  

the  su r face   of  the  sheet   is  ar ranged  to  be  12000  coulombs/M2 

which  is  achieved  using  a  cu r r en t   dens i ty   of  1200A/M2  for  a 

time  of  10  seconds.   This  a n o d i s i n g  - p r o c e s s   forms  a  p o r o u s  

oxide  layer   about  0.15  microns  th ick   on  the  su r f ace   of  t h e  

aluminium  s h e e t .  

In  order   to  assess   bond  d u r a b i l i t y   of  j o i n t s   formed  on  s h e e t  

anodised   in  th i s   way  and  to  make  comparisons  with  o t h e r  

p r o c e s s e s   a  number  of  t e s t s   were  c a r r i e d   o u t .  

In  the  f i r s t   t e s t ,   s t r i p s   cut  from  5251  aluminium  s h e e t  

anodised   in  the  manner  d e s c r i b e d   in  Example  4  were  bonded 

t o g e t h e r   and  exposed  to  n e u t r a l   s a l t   spray  for  a  range  of  t i m e s  

and  the  shear  s t r e n g t h   of  the  bonds  then  measured  by  t h e  

p e r f o r a t e d   lap  shear   method.  Various  t h i c k n e s s e s   of  o x i d e  

l a y e r   were  used  and  the  adhes ive   ESP105  mentioned  above  as  w e l l  

as  tha t   produced  by  the  3M  Company  under  the  Trade  Mark  EC2214 

were  used.  S i m i l a r   t e s t   s t r i p s   were  prepared  from  a lumin ium 

shee t   which  had  undergone  a  c o n v e n t i o n a l   Boeing  phosphor ic   a c i d  

a n o d i s i n g   p r e - t r e a t m e n t   p rocess   (PAA)  for  30  minutes   and  t h e s e  

were  t e s t e d   in  the  same  manner  for  comparison.   The  r e s u l t s   o f  

these   t e s t   are  shown  in  Table  2.  As  wi l l   be  seen,  the  AC 

a n o d i s i n g   p r e - t r e a t m e n t   gives  r e s u l t s   s i m i l a r   to  those   using  DC 

phosphor i c   acid  a n o d i s i n g   accord ing   to  the  Boeing  p r o c e s s .  





Tes ts   s t r i p s   which  had  been  p r e - t r e a t e d   by  the  a n o d i s i n g  

process   desc r ibed   above  and  then  s to red   in  va r ious   c o n d i t i o n s  

before   being  bonded  t o g e t h e r   were  also  t e s t e d .   Three  d i f f e r e n t  

s t o r a g e   c o n d i t i o n s   were  u s e d :  

OD -  Off ice   Cond i t ions   (dry  and  r e l a t i v e l y   warm) 

CW -  Exposure  in  a  deep  s h e l t e r   (cold  and  r e l a t i v e l y   humid) 

HW -  Humidity  Cabinet   (hot  and  r e l a t i v e l y   humid) 

The  r e s u l t s   of  these  t e s t s   are  shown  in  Table  3.  Table  3  shows 

tha t   the  AC  anodised  p r e - t r e a t e d   su r f ace   w i t h s t a n d s   s to rage   i n  

r ea sonab le   c o n d i t i o n s   for  at  l e a s t   6  months  wi thout   a f f e c t i n g  

subsequent   bond  s t r e n g t h   but  r a p i d l y   d e t e r i o r a t e s   under  hot  wet  

c o n d i t i o n s .   This  is  s i m i l a r   to  r e s u l t s   found  u s i n g  

c o n v e n t i o n a l   phosphor ic   acid  anod i s ing   (not  i l l u s t r a t e d ) .  

F i n a l l y ,   t e s t s   were  c a r r i e d   out  with  bonded  t e s t   s t r i p s   b e i n g  

s t r e s s e d   and  exposed  to  a  humid  a tmosphere .   These  t e s t s   were 

also  c a r r i e d   out  on  s t r i p s   which  had  undergone  p r e - t r e a t m e n t   by 

the  Boeing  phosphor i c   acid  a n o d i s i n g   p roces s   (PAA).  The 

r e s u l t s   of  these   t e s t s   are  shown  in  Table  4.  The  r e s u l t s   f o r  

s t r i p s   with  0.05  microns  th ick   oxide  l aye r   produced  by  AC 

a n o d i s i n g   and  those  with  a  0.15  and  0.3  microns  t h i ck   l ayer   a r e  

s i m i l a r   to  those  with  the  Boeing  phosphor i c   acid  a n o d i s i n g .  







Tests  have  also  been  c a r r i e d   out  on  s t r i p s   which  have  b e e n  

s u b j e c t e d   to  AC  phosphor ic   a n o d i s i n g   using  a  v a r i e t y   o f  

c o n d i t i o n s   to  determine  whether   they  could  be  s p o t - w e l d e d  

through  s a t i s f a c t o r i l y .   An  e l e c t r o l y t e   compris ing  10%  by  w e i g h t  

of  phosphor ic   acid  was  used  with  a  range  of  cu r ren t   d e n s i t i e s .  

Each  of  the  s t r i p s   was  anodised  for  a  per iod  of  2  min tues .   The 

t empera tu re   of  the  e l e c t r o l y t e   was  20°C  but  in  the  f i r s t   t e s t  

with  a  cu r ren t   dens i ty   of  4000A/m2  the  t empera ture   rose  t o  

40°C.  This  t e s t   was  t h e r e f o r e   repea ted   with  the  e l e c t r o l y t e  

mainta ined   at  a  t empera tu re   of  10°C.  It  wi l l   be  a p p r e c i a t e d  

that   as  th is   t e s t   was  conducted  to  t e s t   the  w e l d a b i l i t y   o f  

anodised  s t r i p s ,   the  c o n d i t i o n s   used  have  been  s e l e c t e d   t o  

maximise  the  t h i cknes s   of  the  oxide  l ayer   formed  and  do  n o t  

n e c e s s a r i l y   r ep r e sen t   p r e f e r r e d   c o n d i t i o n s   for  producing  s t r o n g  

durable   j o i n t s .   The  c o n d i t i o n s   used  and  r e s u l t s   achieved  a r e  

summarized  in  Table  5.  As  wi l l   be  seen,  a l l   the  t e s t   s t r i p s  

could  be  s a t i s f a c t o r i l y   spo t -welded   t o g e t h e r .  

A  s t r i p   anodised  in  accordance   with  Example  3  was  a lso  t e s t e d  

and  could  be  spot-welded  s a t i s f a c t o r i l y .  

The  anod i s ing   process   de sc r i bed   above  are  be l i eved   to  remove  t h e  

a i r - f o r m e d   oxide  layer   from  the  aluminium  sheet   and  r ep l ace   t h i s  

by  a  new  anodic  oxide  l a y e r .  





The  new  anodic  oxide  l ayer   comprises   a - n o n - p o r o u s   b a r r i e r   l a y e r  

po r t i on   and  a  porous  s t r u c t u r e   above  th is   b a r r i e r   l a y e r   wh ich  

t o g e t h e r   may  have  a  t o t a l   t h i cknes s   of  at  l e a s t   30nm.  D i f f e r e n t  

c o n d i t i o n s   in  the  anod i s ing   process   produce  d i f f e r e n c e s   in  t h e  

s t r u c t u r e   and  p r o p o r t i o n s   of  these  two  components.   The  p o r o u s  

na ture   of  the  new  oxide  l ayer   may  provide  a  key  to  which  t h e  

s u b s e q u e n t l y   app l i ed   adhes ive   can  be  s e c u r e l y   bonded.  An 

i n c r e a s e   in  the  su r f ace   area  of  the  oxide  l ayer   thus  tends  t o  

improve  the  bond  which  can  be  made  to  the  s u b s e q u e n t l y   a p p l i e d  

adhes ive .   The  porous  s t r u c t u r e   formed  by  the  anodic  p rocess   i s  

a t t a cked   by  the  a c i d i c   e l e c t r o l y t e   so  the  i n i t i a l   pore  s t r u c t u r e  

is  en la rged .   This  again  i n c r e a s e s   the  e f f e c t i v e   s u r f a c e   area  o f  

the  oxide  l a y e r   and  permits   b e t t e r   p e n e t r a t i o n   of  t h e  

subsequen t ly   a p p l i e d   adhes ive   into  the  pores .   It  has  been  f ound  

that   s t r u c t u r e s   formed  in  the  manner  d e s c r i b e d   above  can  be  

s t rong  enough  to  form  the  s t r u c t u r a l ,   load  bea r ing   p a r t s   of  a 

motor  veh ic l e   body.  A c c e l e r a t e d   t e s t   also  i n d i c a t e   tha  s u c h  

s t r u c t u r e s   are  capab le   of  r e t a i n i n g   adequate   s t r e n g t h   under  t h e  

wide  v a r i e t y   of  c o n d i t i o n s   that   a  motor  v e h i c l e   g e n e r a l l y  .  

encoun te r s   for  a  time  at  l e a s t   equal  to  the  u se fu l   s e r v i c e   l i f e  

of  the  v e h i c l e .   The  anod i s ing   p r o c e s s e s   d e s c r i b e d   may  be  

c a r r i e d   out  much  more  qu ick ly   than  many  of  the  p r e - t r e a t m e n t s  

used  in  the  p r i o r   a r t .   The  anodised  sheet   can  be  cut  and  formed 

wi thout   caus ing  s u b s t a n t i a l   damage  to  the  porous  oxide  l a y e r ,  

even  when  the  forming  of  the  sheet   invo lves   p r e s s i n g   i t   b e t w e e n  



dies ,   so  the  oxide  l aye r   is  s t i l l   able  to  provide  a  base  f o r  

s t rong   and  durable   adhes ive   bonds.  As  the  anod i s ing   p rocess   may 

also  be  e f f e c t e d   before   the  sheet   is  cut  into  d i s c r e t e   l e n g t h s  

i t   can  also  be  c a r r i e d   out  c o n t i n u o u s l y   and  can  be  c a r e f u l l y  

c o n t r o l l e d .  



1.  A  method  of  f a b r i c a t i n g   s t r u c t u r e s   from  aluminium  sheet   which  

comprises   the  s teps   of:  s u b j e c t i n g   the  aluminium  sheet   to  a n  

anod i s ing   process   in  an  a c i d i c   e l e c t r o l y t e   for  a  period  of  2  m i n u t e s  

or  less   to  form  an  anodic  oxide  l aye r   t he reon ;   p r o d u c i n g   components  o f  

a  des i r ed   shape  from  the  aluminium  shee t ;   and  s ecu r ing   two  components  

t o g e t h e r   by  adhesive  and  by  l o c a l i s e d   mechan ica l   f a s t e n i n g   means .  

2.  A  method  as  claimed  in  claim  1  in  which  the  l o c a l i s e d   m e c h a n i c a l  

f a s t e n i n g   means  comprise  s p o t - w e l d s .  

3.  A  method  as  claimed  in  claim  1  or  2  in  which  the  anodis ing   p rocess   i s  

e f f e c t e d   in  an  e l e c t r o l y t e   compr i s ing   phosphor ic   ac id ,   at  a  

t e m p e r a t u r e   in  the  range  25  to  80°C  and  with  a  c u r r e n t   d e n s i t y   of  a t  

l e a s t   250  A/m2,  and  the  aluminium  shee t   is  s u b j e c t e d   to  t h e  

anod i s ing   process   for  a  per iod  of  15  seconds  or  l e s s .  

4.  A  method  as  claimed  in  claim  3  in  which  the  anod i s ing   process   i s  

e f f e c t e d   means  of  AC  in  an  e l e c t r o l y t e   compr i s ing   phosphor ic   acid  i n  

the  range  5  to  15%  by  weight ,   at  a  t e m p e r a t u r e   in  the  range  30  t o  

70°C  and  with  a  c u r r e n t   d e n s i t y   in  the  range  250  to  3000  A/m2,  and 

the  aluminium  sheet   is  s u b j e c t e d   to  the  a n o d i s i n g   process   for  a  p e r i o d  

in  the  range  0.5  to  15  s e c o n d s .  



5.  A  method  as  claimed  in  c l a i m  4   in  which  the  anod i s ing   process   i s  

e f f e c t e d   in  an  e l e c t r o l y t e   compris ing   phosphor ic   acid  in  the  range  10 

to  15%.by  w e i g h t .  

6.  A  method  as  claimed  in  claim  4  or  5  in  which  the  anod i s ing   p rocess   i s  

e f f e c t e d   at  a  t e m p e r a t u r e   in  the  range  50  to  60°C.  

7.  A  method  as  claimed  in  claim  4,  5  or  6  in  which  the  a n o d i s i n g   p r o c e s s  

is  e f f e c t e d   with  a  c u r r e n t   d e n s i t y   in  the  range  600  to  3000  A/m2. 

8.  A  method  as  claimed  in  any  of  claims  4  to  7  in  which  the  a lumin ium 

sheet   is  sub jec ted   to  the  anod i s ing   p rocess   for   a  per iod  in  the  r a n g e  

0.5  to  10  s e c o n d s .  

9.  A  method  as  claimed  in  claim  1  or  2  in  which  the  a n o d i s i n g   process   i s  

e f f e c t e d   in  an  e l e c t r o l y t e   compr is ing   at  l e a s t   5%  by  weight  s u l p h u r i c  

ac id ,   at  a  t empera tu re   of  at  l e a s t   50°C  and  with  a  c u r r e n t   d e n s i t y  

of  at  l e a s t   250  A/m2. 

10.  A  method  as  claimed  in  claim  9  in  which  the  a n o d i s i n g   p rocess   i s  

e f f e c t e d   by  means  of  AC  in  an  e l e c t r o l y t e   compr i s ing   s u l p h u r i c   acid  i n  

the  range  10  to  30%  by  weight  and  at  a  t e m p e r a t u r e   in  the  range  70  t o  

950C,  and  the  aluminium  sheet   is  s u b j e c t e d   to  the  a n o d i s i n g   p r o c e s s  

for  a  per iod  in  the  range  0.5  to  15  s e c o n d s .  

11.  A  method  as  claimed  in  claim  10  in  which  the  a n o d i s i n g   p rocess   i s  

e f f e c t e d   with  a  c u r r e n t   d e n s i t y   of  at  l e a s t   1200  A/m2. 



12.  A  method  as  claimed  in  claim  10  or  11  i n  w h i c h   the  aluminium  sheet   i s  

s u b j e c t e d   to  the  anod i s ing   process   for  a  per iod   in  the  range  0.5  to  10 

s e c o n d s .  

13.  A  method  as  claimed  in  any  p reced ing   claim  in  which  press   l u b r i c a n t   i s  

app l i ed   to  the  aluminium  sheet   a f t e r   the  a n o d i s i n g   process   and  b e f o r e  

the  components  are  produced  t h e r e f r o m .  

14.  A  method  as  claimed  in  claim  13  in  which  the  aluminium  sheet   i s  

i n i t i a l l y   c o i l e d ,   is  unco i l ed   before  the  anod i s ing   process   and  i s  

r e - c o i l e d   a f t e r   the  a p p l i c a t i o n   of  press   l u b r i c a n t .  

15.  A  method  as  claimed  in  claim  14  in  which  the  r e - c o i l e d   aluminium  s h e e t  

is  uncoi led   and  cut  into  d i s c r e t e   l e n g t h s   be fore   the  components  a r e  

cut  t h e r e f r o m .  

16.  A  method  as  claimed  in  claim  13  in  which  the  aluminium  sheet   i s  

i n i t i a l l y   c o i l e d ,   is  unco i led   before  the  a n o d i s i n g   process   and  is  c u t  

in to   d i s c r e t e   l eng ths   a f t e r   the  anod i s ing   p r o c e s s ,   the  press   l u b r i c a n t  

being  app l ied   e i t h e r   before   or  a f t e r   the  aluminium  sheet  is  c u t .  

17.  A  method  as  claimed  in  claim  16  in  which  the  aluminium  sheet   i s  

r e - c o i l e d   a f t e r   the  anod i s ing   process   and  then  uncoi led   again  b e f o r e  

i t   is  cut  and  before   the  a p p l i c a t i o n   of  p ress   l u b r i c a n t .  



18.  A  method  as  claimed  in  claims  15,  16  or  17  in  which  the  d i s c r e t e  

l eng ths   of  aluminium  sheets   are  formed  in  a  press   to  produce  t h e  

componen t s .  

19.  A  method  as  claimed  in  claim  18  in  which  the  aluminium  shee t ,   w h e t h e r  

in  coi l   form  or  in  d i s c r e t e   l eng ths ,   is  s t o r e d   for  at  l e a s t   48  h o u r s  

(2  days)  a f t e r   the  a p p l i c a t i o n   of  p ress   l u b r i c a n t   and  b e f o r e  

components  are  formed  t h e r e f r o m .  

20.  A  method  as  claimed  in  claim  15  in  which  the  aluminium  shee t ,   w h e t h e r  

in  coi l   form  or  in  d i s c r e t e   l eng ths ,   is  s to red   for  at  l e a s t   168  h o u r s  

(7  days)  a f t e r   the  a p p l i c a t i o n   of  press   l u b r i c a n t   and  b e f o r e  

components  are  formed  t h e r e f r o m .  

21.  A  s t r u c t u r e   compr is ing   aluminium  components  which  are  secured  t o g e t h e r  

by  adhes ive   and  by  l o c a l i s e d   mechanica l   f a s t e n i n g   means  and  in  which  

the  components  have  an  anodic  oxide  l a y e r   formed  the reon   b y . b e i n g  

sub j ec t ed   to  an  anod i s ing   process   in  an  a c id i c   e l e c t r o l y t e   for  a 

per iod  of  2  minutes  or  l e s s .  

22.  A  s t r u c t u r e   as  claimed  in  claim  21  in  which  the  l o c a l i s e d   m e c h a n i c a l  

f a s t e n i n g   means  comprise  s p o t - w e l d s .  

23.  A  s t r u c t u r e   as  claimed  in  claim  21  or  22  in  which  the  anodic  o x i d e  

l aye r   has  a  t h i c k n e s s   in  the  range  15-500  nm. 



24.  A  s t r u c t u r e   as  claimed  in  claim  23  in  which  the  e l e c t r o l y t e   c o m p r i s e s  

phosphor i c   acid  and  the  anodic  oxide  l ayer   has  a  t h i c k n e s s   in  t h e  

range  15-200  nm. 

25.  A  s t r u c t u r e   as  claimed  in  claim  23  in  which  the  e l e c t r o l y t e   c o m p r i s e s  

s u l p h u r i c   acid  and  the  anodic  o x i d e . l a y e r   has  a  t h i c k n e s s   in  the  r ange  

15-300  nm. 

26.  A  s t r u c t u r e   as  claimed  in  any  of  claims  21  to  25  in  which  the  a d h e s i v e  

is  an  epoxide  a d h e s i v e .  

27.  A  s t r u c t u r e   as  claimed  in  any  of  claims  21  to  26  which  forms  par t   of  a 

motor  v e h i c l e   body .  

28.  A  s t r u c t u r e   as  claimed  in  claim  27  which  forms  pa r t   of  a  s t r u c t u r a l ,  

load  bea r ing   par t   of  a  motor  v e h i c l e   body.  
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