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@  Detergent  composition. 

  Improved  fabric  washing  detergent  composition  especially 
but  not  exclusively  designed  for  washing  mixed  coloured  fabrics 
comprising  from  0.5  to  25%  by  weight  of  a  peracid  compound 
selected  from  the  group  consisting  of  organic  peracids,  peracid 
salts  and  peracid  precursors  which  generate  peracids  by  hydroly- 
sis  or  perhydrolysis,  and  from  0.002  to  2.5  %  by  weight  of  copper, 
in  the  absence  or  substantial  absence  of  a  powerful  sequestrant 
which  complexes  strongly  with  copper.  The  composition  is  effec- 
tive  in  minimizing  dye  transfer  but  is  non-effective  or  substantially 
non-effective  with  respect  to  direct  fabric  dye  or  stain  bleaching. 



This  i n v e n t i o n   r e l a t e s   to  f a b r i c - w a s h i n g   d e t e r g e n t   com- 

p o s i t i o n s   which  are  e s p e c i a l l y ,   but   not  e x c l u s i v e l y ,  

d e s i g n e d   for  the  washing   of  c o l o u r e d   or  mixed  c o l o u r e d  
and  whi te   f a b r i c   l o a d i n g s .  

H i t h e r t o   f a b r i c - w a s h i n g   d e t e r g e n t   c o m p o s i t i o n s   of  two  

types   were  a v a i l a b l e ,   i . e .   (1)  washing  p r o d u c t s   of  a  
n o n - b l e a c h i n g   type   for   c o l o u r e d   f a b r i c s ,   w h i c h ,  

a l t h o u g h   s a f e   for  the  f a b r i c   dyes  t h e m s e l v e s ,   are  n o t  
e f f e c t i v e   to  p r e v e n t   the  t e n d e n c y   of  some  c o l o u r e d  
f a b r i c s   to  r e l e a s e   i n t o   the  wash  l i q u o r   dyes  which  a r e  
then   t r a n s f e r r e d   d u r i n g   the  wash ing   p r o c e s s   onto  o t h e r  
f a b r i c s   b e i n g   washed  t h e r e w i t h ;   and  (2)  a  b l e a c h -  

c o n t a i n i n g   f a b r i c - w a s h i n g   p r o d u c t   type  which  can  i n -  

h i b i t   dye  t r a n s f e r   to  a  c e r t a i n   e x t e n t   but   at  the  same 
t ime  w i l l   cause   b l e a c h i n g   and  f a d i n g   of  the  c o l o u r s   o f  
the  f a b r i c s .   Hence,  h e r e t o f o r e   t h e r e   has  been  no  q o o d  

way  to  combat  the  p rob lem  of  dye  t r a n s f e r   o t h e r   than   b y  
m e c h a n i c a l l y   s o r t i n g   the  f a b r i c s   to  p a r t i t i o n   f a b r i c s  

wi th   dark  and  l i g h t   shades   for  s e p a r a t e   l a u n d e r i n q .  

With  the  f a s h i o n   of  moving  t owards   more  c o l o u r e d   c l o t h -  

ing  and  t e x t i l e   m a t e r i a l s ,   e s p e c i a l l y   m u l t i - c o l o u r e d s ,  
the  p rob lem  of  dye  t r a n s f e r   has  become  more  a c u t e .  

Many  a t t e m p t s   have  been  made  to  r e s o l v e   t h i s   p r o b l e m ,  
but  so  fa r   w i t h o u t   much  s u c c e s s .  

For  example ,   in  GB-A-  1  368  400  d y e - t r a n s f e r - i n h i b i t i n g  
c o m p o s i t i o n s   were  p r o p o s e d   which  compr i s e   a  p e r o x y g e n  
compound,  e . g .   an  o r g a n i c   p e r o x y a c i d ,   combined  w i t h  

r a t h e r   complex  a l d e h y d e   or  k e t o n e   compounds  as  b l e a c h  

a c t i v a t o r .   These  c o m p o s i t i o n s   have  s e v e r a l   d rawbacks   i n  

t h a t   not  only   do  they  use  r a t h e r   e x p e n s i v e   complex  o r -  
g a n i c   c h e m i c a l   compounds,   i . e .   a l d e h y d e s   and  k e t o n e s ,  
but   a l so   in  t h a t   they   are  not  very  e f f e c t i v e .  



Other   c o m p o s i t i o n s   hav ing   d y e - t r a n s f e r   i n h i b i t o r y   e f -  
f e c t s   are   d i s c l o s e d   in  European   P a t e n t   0024367  ( b a s e d  

on  the  a c t i v a t i o n   of  o r g a n i c   p e r a c i d s   with  b r o m i d e  
ions)   and  European   P a t e n t   A p p l i c a t i o n   0024368  (based   on  

a  sys tem  c o m p r i s i n g   an  o r g a n i c   p e r a c i d   p r e c u r s o r   and  a  
b romide   a c t i v a t o r ) .   S t i l l ,   the  main  drawback  of  t h e s e  

c o m p o s i t i o n s   is  t h a t   they  too  e x e r t   a  r a t h e r   s t r o n g  
d i r e c t   f a b r i c   b l e a c h i n g ,   t e n d i n g   to  cause   f a d i n g   of  t h e  

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

European   P a t e n t   A p p l i c a t i o n   0058444  d e s c r i b e s   w a s h i n g  
c o m p o s i t i o n s   u s e f u l   for  the  r e d u c t i o n   of  dye  t r a n s f e r  

in  f a b r i c   wash ing   at  lower  t e m p e r a t u r e s ,   c o m p r i s i n g   a  
b l e a c h   sys tem  c o n s i s t i n g   e s s e n t i a l l y   of  an  o r g a n i c   p e r -  
ac id   or  an  o r g a n i c   p e r a c i d   p r e c u r s o r   in  c o n j u n c t i o n  
with  a  w a t e r - s o l u b l e   i o d i d e   s a l t .   There  are  some  s n a g s  
in  the  use  of  i o d i d e   c a t a l y s t ,   i . e .   1)  the  r i s k   o f  

s t a i n i n g   due  to  i o d i n e   f o r m a t i o n   and  2)  the  e f f e c t   o f  
d i r e c t   f a b r i c   dye  b l e a c h i n g .  

I t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   an  
improved  f a b r i c - w a s h i n g   d e t e r g e n t   c o m p o s i t i o n   which  i s  

s u i t a b l e   for   the  washing   of  mixed  c o l o u r e d   f a b r i c s ,   i n -  

c l u d i n g   mixed  loads   of  c o l o u r e d   and  whi te   f a b r i c s ,  
w i t h o u t   the  above  d r a w b a c k s .  

I t   is  a n o t h e r   o b j e c t   of  the  i n v e n t i o n   to  p r o v i d e   a  s y s -  
tem  t h a t   is  e f f e c t i v e   for   dye  b l e a c h i n g   in  s o l u t i o n ,  
i . e .   m i n i m i s i n g   dye  t r a n s f e r ,   but  is  n o n - e f f e c t i v e   o r  
s u b s t a n t i a l l y   n o n - e f f e c t i v e   wi th   r e s p e c t   to  d i r e c t  

f a b r i c   dye  b l e a c h i n g .  

I t   has  now  been  found  t h a t   t h e s e   and  o t h e r   o b j e c t s  
which  may  be  a p p a r e n t   h e r e i n a f t e r   can  be  a c h i e v e d   b y  
us ing   a  sys tem  c o m p r i s i n g   a  p e r o x y a c i d   and  a  c o p p e r  
c a t a l y s t   in  the  absence   or  s u b s t a n t i a l   absence   of  a  



p o w e r f u l   s e q u e s t r a n t   which  complexes   s t r o n g l y   wi th   c o p -  
p e r .  

I n t e r n a l   work  has  shown  t h a t   t r a n s i t i o n   me ta l   ions   c a n  

c a t a l y s e   dye  b l e a c h i n g   in  s o l u t i o n   by  oxygen  b l e a c h e s .  

So  h y d r o g e n   p e r o x i d e   or  h y d r o g e n   p e r o x i d e   a d d u c t s ,   i n -  

o r g a n i c   p e r s a l t / b l e a c h   a c t i v a t o r   sys tems   and  p e r o x y -  
a c i d s   per  se  can  a l l   be  a c t i v a t e d   by  copper   i o n s .   How- 

eve r ,   i t   has  been  found  t h a t   c o p p e r - c a t a l y s e d   p e r a c i d  
b l e a c h   sy s t ems   were  much  more  e f f e c t i v e   than   c o p p e r -  
c a t a l y s e d   h y d r o g e n   p e r o x i d e   sy s t ems   ( e . g .   sodium  p e r -  
b o r a t e )  .  

The  e f f e c t   of  added  t r a n s i t i o n   me ta l   ions   on  the  b l e a c h -  

ing  of  a  D i r e c t   dye  in  s o l u t i o n   by  p e r a c e t i c   ac id   was 
i n v e s t i g a t e d   under   the  f o l l o w i n g   t e s t   c o n d i t i o n s :  

C o n d i t i o n s :   P e r a c e t i c   ac id   (4.6  x  10-4  m o l e s / 1 )   was  
added  to  a  s o l u t i o n   of  D i r e c t   Red  81  (0.002%  w/w)  a n d  
the  dye  c o n c e n t r a t i o n   measu red   at  the  w a v e l e n g t h  o f  
maximum  a b s o r p t i o n * .   The  e x p e r i m e n t s   were  r e p e a t e d   w i t h  
added  t r a n s i t i o n   me ta l   compounds  (CuS04,  MnS04, 
CoCl2,  FeCl3,   NiS04,  ZnS04,  T i ( S 0 4 ) 2   as  a p -  
p r o p r i a t e ) .   The  e x p e r i m e n t s   were  made  at  pH  9  and  a t  
4 0 ° C .  

The  r e s u l t s   are  t a b u l a t e d   in  Table   I  b e l o w  :  

*  The λ max  (490-510  nm)  and  maximum  a b s o r p t i o n   (=  100% 

dye)  were  measu red   at   the  b e g i n n i n g   of  each  e x p e r i -  
ment  a f t e r   the   a d d i t i o n   of  t r a n s i t i o n   me ta l   compound 
but   not   b e f o r e   a d d i t i o n   of  b l e a c h .  



M e c h a n i s t i c a l l y   i t   is  ve ry   i m p o r t a n t   to  r e c o g n i s e   t h a t  

t r a n s i t i o n - m e t a l - c a t a l y s e d   dye  b l e a c h i n g   has  only   b e e n  
a c h i e v e d   with  t r a n s i t i o n   meta l   ions  which  are  e a s i l y  

c a p a b l e   of  o n e - e l e c t r o n   redox  p r o c e s s e s   l e a d i n g   to  t h e  
f o r m a t i o n   of  r e a c t i v e   r a d i c a l s .   However,  as  is  shown  i n  
Table  I,  on ly   copper   and  p o s s i b l y   c o b a l t   gave  c a t a l y s i s  
of  p e r a c e t i c   ac id   for   dye  b l e a c h i n g ,   whereas   a l l   t h e  
o t h e r   m e t a l s   i n c l u d i n g   chromium  and  z inc  are  i n a c t i v e .  

Wi thou t   w i s h i n g   to  be  bound  to  any  t h e o r y ,   the  m e c h a n -  
ism  of  dye  b l e a c h i n g   with  o x i d i z i n g   b l e a c h e s   can  be  e n -  
v i s a g e d   in  g e n e r a l   te rms  to  p r o g r e s s   via  i n t e r a c t i o n s  

of  two  d i s t i n c t   t y p e s :  

Route  A 

Metaln+  +  d y e  @  M e t a l n +   d y e  @ D y e   Metaln+  b l e a c h  @  
(+  B l e a c h )  

o x i d i z e d   d y e  



Route  B 

* The  term  " r a d i c a l "   is  used  h e r e i n   in  a  very   l o o s e  

manner  to  d e s c r i b e   s p e c i e s   which  can  undergo   o n e -  
e l e c t r o n   r e a c t i o n s .   The  e x a c t   n a t u r e   of  the  r e a c t i v e  

r a d i c a l s   which  undergo   r e a c t i o n s   wi th   dye  has  n o t  

been  d e t e r m i n e d .  

It   has  a l s o   been  found  t h a t   a l t h o u g h   t r a n s i t i o n   m e t a l  

ions   are   wel l   known  to  i n t e r a c t   with  p e r o x i d e   compounds  

as  in  Route  B  above,   thus   i n d u c i n g   d e c o m p o s i t i o n   t o  
r a d i c a l s   or  r a d i c a l   s p e c i e s   which  are  known  to  h a v e  

h igh   o x i d a t i o n   p o t e n t i a l   and  are  c a p a b l e   of  o x i d i z i n g  

most  u n s a t u r a t e d   m o l e c u l e s ,   no  o t h e r   t r a n s i t i o n   m e t a l s  

are   as  e f f e c t i v e   for   dye  t r a n s f e r   i n h i b i t i o n   as  c o p p e r .  

A  p o s s i b l e   e x p l a n a t i o n   t h e r e f o r   may  be  the  l e s s   w e l l  

known  mechanism  of  t r a n s i t i o n   meta l   ions   to  c o m p l e x  

s t r o n g l y   with  many  dyes  as  in  Route  A  above.   This  r o u t e  

to  the  i n t e r a c t i o n   of  t r a n s i t i o n   meta l   with  b l e a c h ,  
which  is  only   a f t e r   i t s   i n t e r a c t i o n   with  dye,  seems  t o  

be  f o l l o w e d   by  c o p p e r .   There  seems  a l s o   to  be  l i t t l e  

doubt   t h a t ,   when  i t   o c c u r s ,   c o m p l e x a t i o n   of  t r a n s i t i o n  

meta l   ion  and  dye  w i l l   a i d  d y e   b l e a c h i n g ,   b e c a u s e  

m e t a l - c a t a l y s e d   b l e a c h   d e c o m p o s i t i o n   can  thus   t a k e  

p l a c e   in  the  v i c i n i t y   of  the  dye  via  a  d y e - m e t a l   b l e a c h  

complex .   Thus  the  ease   with  which  copper   forms  s u c h  

complexes   compared  with  o t h e r   t r a n s i t i o n   me ta l   ions   may 
be  one  r e a s o n   why  copper   has  p roved   to  be  g e n e r a l l y   t h e  

most  u s e f u l   t r a n s i t i o n   me ta l   ion  for   dye  b l e a c h i n g   i n  

s o l u t i o n .   Cupr ic   ion,   be ing   the  s m a l l e s t   d i v a l e n t  



t r a n s i t i o n   meta l   ion,   wi th   the  h i g h e s t   cha rge   d e n s i t y ,  

most  r e a d i l y   forms  s t a b l e   c o m p l e x e s .   Coba l t   I I I   and  
chromium  I I I   complexes   of  dyes  are  a l s o   very   s t a b l e ,  
but   a p p a r e n t l y   they   are  k i n e t i c a l l y   i n e r t   and,  in  c o n -  
t r a s t   to  c o p p e r ,   s e v e r e   c o n d i t i o n s   are  g e n e r a l l y   n e c e s -  

sa ry   to  i n t r o d u c e   c o b a l t   I I I   and  chromium  I I I   i n to   d y e  
s t r u c t u r e s .  

In  f a c t ,   copper   is  not  the  most  p o w e r f u l   decomposer   o f  

b l e a c h   m o l e c u l e s .   I t   is  known  t h a t   c o b a l t   is  much  m o r e  
e f f e c t i v e   in  t h i s   r e s p e c t ,   so  the  amount  of  f r e e  

r a d i c a l s   or  r a d i c a l - l i k e   i n t e r m e d i a t e s   formed  f r o m  

oxygen  b l e a c h e s   is  l i k e l y   to  be  h i g h e r   in  the  case  o f  

c o b a l t .   The  e x p e r i m e n t a l   o b s e r v a t i o n   t h a t   c o b a l t   i s  

l e s s   u s e f u l   for   b l e a c h i n g   dyes  than  copper   may  b e  
a t t r i b u t e d   to  the  f a c t   t h a t   for  c o b a l t   many  of  t h e s e  
r a d i c a l s   l ead   to  u s e l e s s   b l e a c h   d e c o m p o s i t i o n ,   w h e r e a s  
for  copper   they   are  more  l i k e l y   to  be  p roduced   in  t h e  

v i c i n i t y   of  the   dye  m o l e c u l e s .  

Also  manganese ,   which  is  known  to  be  ve ry   u s e f u l   f o r  

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

p e r o x i d e   b l e a c h e s   in  the  p r e s e n c e   of  a  c a r b o n a t e ,   h a s  

proved   to  be  i n e f f e c t i v e   for  dye  t r a n s f e r   i n h i b i t i o n .  

E x p e r i m e n t s   have  even  shown  t h a t   under  p r a c t i c a l   c o n -  
d i t i o n s   manganese   can  i n h i b i t   the  c a t a l y t i c   e f f e c t   o f  

c o p p e r ,   and  so  the  p r e s e n c e   of  manganese  ions   in  t h e  

sys tem  of  the  i n v e n t i o n   shou ld   p r e f e r a b l y   be  a v o i d e d .  

Some  e x p e r i m e n t s   have  a l s o   been  c a r r i e d   out  by  A p p l i -  
c a n t s   to  d e t e r m i n e   whe the r   s t r o n g   m e t a l - d y e   c o m p l e x -  
a t i o n   is  a b s o l u t e l y   e s s e n t i a l   for   good  copper   c a t a l y s i s  
of  dye  b l e a c h i n g   in  s o l u t i o n .   From  o b s e r v a t i o n s   of  t h e  

U V / v i s i b l e   s p e c t r a   i t   is  c l e a r   t h a t   CI  D i r e c t   Red  81 

and  CI  Acid  Orange  7  dyes  complex  with  c o p p e r .   On 

add ing   copper   s u l p h a t e   to  CI  Acid  Orange  52,  an  azo  d y e  
w i t h o u t   o r t h o h y d r o x y   g r o u p s ,   t h e r e   i s ,   however ,   l i t t l e  



change  in  the  U V / v i s i b l e   s p e c t r u m ,   s u g g e s t i n g   t h a t   t h e  

b i n d i n g   of  t h i s   dye  with  copper   is  very   weak.  There  i s ,  

however ,   a  d e f i n i t e   i n c r e a s e   in  the  r a t e   of  d y e  

b l e a c h i n g   when  copper   is  added  to  a  s o l u t i o n   c o n t a i n i n g  
t h i s   dye  and  sodium  m o n o p e r s u l p h a t e   (a  p e r o x y a c i d   s a l t )  

b l e a c h ,   j u s t   as  is  o b t a i n e d   with  the  dyes  which  c o m p l e x  
more  s t r o n g l y   wi th   c o p p e r .  

Also  when  the  c o m p l e x a t i o n   s i t e   of  a  b i s   o r t h o - o r t h o '  

d i h y d r o x y   azo  dye  was  b l o c k e d   with  chromium,  a  m e t a l  
which  does  not  a c t i v a t e   dye  b l e a c h i n g ,   as  in  CI  A c i d  
Blue  161,  then ,   a l t h o u g h   t h e r e   is  no  d e t e c t a b l e   c h a n g e  
in  the  v i s i b l e   a b s o r p t i o n   s p e c t r u m   on  a d d i t i o n   o f  

coppe r   to  the  dye  a l o n e ,   t h i s   a d d i t i o n   in  the  p r e s e n c e  
of  a  m o n o p e r s u l p h a t e   b l e a c h   p r o d u c e s   a  c o n s i d e r a b l e  
i n c r e a s e   in  the  r a t e   of  dye  b l e a c h i n g .   Thus  t h e s e  

e x p e r i m e n t s   i n d i c a t e d   t h a t   copper   c o m p l e x a t i o n   w i t h  

dyes  is  not  a  n e c e s s a r y   c r i t e r i o n   for  c o p p e r - c a t a l y s e d  
dye  b l e a c h i n g   and  i t   must  be  c o n c l u d e d   t h a t ,   a l t h o u g h  
the  a b i l i t y   of  copper   to  s t r o n g l y   complex  with  d y e s  
under   wash  c o n d i t i o n s   p l a y s   a  r o l e   in  i t s   g e n e r a l l y  
found  h i g h e r   c a t a l y t i c   a c t i v i t y   compared  wi th   o t h e r  
t r a n s i t i o n   me ta l   i o n s ,   copper   c a t a l y s i s   s t i l l   o c c u r s  
even  when  the  m e t a l - d y e   c o m p l e x a t i o n   is  weak  or  n o n -  
e x i s t e n t .   - 

There   is  much  e v i d e n c e   t h a t   c o p p e r - c a t a l y s e d   d y e  
b l e a c h i n g   is  i n t i m a t e l y   c o n n e c t e d   with  the  d e c o m p o s i -  
t i o n   of  b l e a c h   in  s o l u t i o n .   I n c r e a s e   in  c o n c e n t r a t i o n  

of  copper   g e n e r a l l y   i n c r e a s e s   the  r a t e   of  dye  b l e a c h i n g  

as  wel l   as  the  d e c o m p o s i t i o n   of  b l e a c h .   C h a r a c t e r i s t i c -  

a l l y ,   i t   has  been  o b s e r v e d   t h a t   the  t r a n s i t i o n - m e t a l -  

c a t a l y s e d   d e c o m p o s i t i o n   of  a  p e r o x i d e   o f t e n   e x h i b i t s   an  
i n d u c t i o n   p e r i o d   which  is  r e d u c e d   by  h i g h e r   l e v e l s   o f  

copper   i o n s .   Many  e x p e r i m e n t s   made  with  c o p p e r - c a t a l y s e d  
dye  b l e a c h i n g   s i m i l a r l y   e x h i b i t   i n d u c t i o n   p e r i o d s   w h i c h  

are   r educed   by  i n c r e a s i n g   the  c o n c e n t r a t i o n   of  c o p p e r  



i o n s .  

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

accompan ied   by  an  i n c r e a s e d   d e c o m p o s i t i o n   r a t e   o f  

b l e a c h ,   a c c e l e r a t i o n   of  dye  b l e a c h i n g   to  avo id   d y e  
t r a n s f e r   can  be  e f f e c t e d   b y :  
(a)  i n c r e a s e   in  c o n c e n t r a t i o n   of  the  b l e a c h   and  c o p p e r  

( I I )   i o n s ;  
and  f u r t h e r m o r e   by  o t h e r   means  which  i n c r e a s e   the  r a t e  
of  r a d i c a l   p r o d u c t i o n ,   v i z  :  
(b)  i n c r e a s e   in  the  pH  of  the  b l e a c h   l i q u o r ;   a n d  
(c)  a d d i t i o n   of  a  s u i t a b l e   r e d u c i n g   a g e n t ,   e .g .   h y d r o g e n  

p e r o x i d e   added  as  s o l i d   h y d r o g e n   p e r o x i d e   a d d u c t  
such  as  sodium  p e r b o r a t e   or  p e r c a r b o n a t e ,   w h i c h  
l i b e r a t e s   h y d r o g e n   p e r o x i d e   in  s o l u t i o n .  

The  i n f l u e n c e   of  c u p r i c   ion  c o n c e n t r a t i o n   on  an  e x p e r i -  
ment  of  dye  t r a n s f e r   i n h i b i t i o n   is  shown  in  the  f o l -  

lowing  Table  II  for  the  p e r a c i d   b l e a c h e s   m o n o p e r s u l -  
p h a t e   (Oxone®),  d i p e r i s o p h t h a l i c   ac id   ( S u p r o x A   and  

magnesium  m o n o p e r p h t h a l a t e ,   with  and  w i t h o u t   s o d i u m  

p e r b o r a t e .  

The  d e t e r g e n t   base   used  in  the  e x p e r i m e n t s   had  the  f o l -  

lowing  c o m p o s i t i o n  :  





The  i n f l u e n c e   of  pH  on  dye  t r a n s f e r   i n h i b i t i o n   w i t h  

c o p p e r - c a t a l y s e d   m o n o p e r s u l p h a t e   b l e a c h   sy s t ems   i s  

shown  in  Table  I I I .  

The  i n f l u e n c e   of  i n c r e a s i n g   pH  on  the  r a t e   of  c o p p e r -  
c a t a l y s e d   b l e a c h i n g   of  D i r e c t   Red 81  with  v a r i o u s   p e r -  
a c i d s ,   i . e .   I  ( d i p e r i s o p h t h a l i c   a c i d ) ,   II  ( m o n o p e r -  
s u l p h a t e )   and  I I I   ( p e r a c e t i c   ac id )   is  shown  in  Fig.   1 .  

The  dye  c o n c e n t r a t i o n   in  g/1  ( v e r t i c a l   a x i s )   was  s e t  
out   a g a i n s t   pH  ( h o r i z o n t a l   a x i s )   under  the  f o l l o w i n g  
e x p e r i m e n t a l   c o n d i t i o n s  :  

D i r e c t   Red  81  (0 .002  g / 1 ) ,   p e r a c i d   ( 4 . 6 x 1 0 - 4   g .  
atoms  of  a c t i v e   oxygen) ,   pH  s t a t .   a t   4 0 ° C .  

The  d i p e r i s o p h t h a l i c   ac id   used  was  a  commerc i a l   p r o d -  
uct  " S u p r o x " ;   m o n o p e r s u l p h a t e   used  was  a  c o m m e r c i a l  

p r o d u c t   "Oxone";  and  the  p e r a c e t i c   ac id   used  was 
p r e t r e a t e d   with  c a t a l a s e   to  remove  H202.  

I t   can  be  seen  from  t h i s   f i g u r e   t h a t   o v e r a l l   t h e r e   is  a  
c o n s i d e r a b l e   i n c r e a s e   in  dye  b l e a c h i n g   with  i n c r e a s i n g  

pH.  





The  above  Tab le s   II  and  I I I   a l s o   show  the  i n f l u e n c e   o f  

add ing   p e r b o r a t e   (sodium  p e r b o r a t e )   to  m o n o p e r s u l p h a t e ,  

d i p e r i s o p h t h a l i c   ac id   or  magnesium  m o n o p e r p h t h a l a t e   on  
the  d y e - t r a n s f e r   p r o b l e m .  

I t   can  be  seen  t h a t ,   in  g e n e r a l ,   the  a d d i t i o n   of  p e r -  
b o r a t e   gave  a  c o n s i d e r a b l e   enhancement   of  the  d y e  
t r a n s f e r   r e d u c t i o n .   A  molar   r a t i o   of  p e r a c i d  :   p e r b o r a t e  
of  abou t   2:1  was  found  to  be  the  optimum.  Higher   l e v e l s  
of  p e r b o r a t e   w i l l   tend  to  a  r educed   enhancemen t   a n d  
somet imes   even  a  r e d u c e d   e f f e c t .  

The  dye  b l e a c h i n g   in  s o l u t i o n   and  t e r g o t o m e t e r   d y e  
t r a n s f e r   e x p e r i m e n t s   were  c a r r i e d   out  by  the  f o l l o w i n g  
m e t h o d s :  

B l e a c h i n g   dyes  in  s o l u t i o n  

A p p a r a t u s  

The  a p p a r a t u s   c o n s i s t s   of  a  Beckman  DB  s p e c t r o p h o t o -  
mete r   f i t t e d   with  a  1  cm  s i l i c a   flow  c e l l ,   a  wate r   b a t h  

to  m a i n t a i n   the  t e m p e r a t u r e   of  the  bulk   l i q u o r   and  a  pH 
s t a t   to  c o n t r o l   the  pH.  The  c e l l   is  c o n n e c t e d   to  t h e  
s o l u t i o n   wi th   s m a l l - b o r e   s i l i c o n   r u b b e r   t u b i n g   and  t h e  

l i q u o r   is  c i r c u l a t e d   by  a  Watson  Marlow  flow  i n d u c e r .  
This  is  f i t t e d   on  the  r e t u r n   tube   from  the  c e l l   to  t h e  

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

c e l l   c o m p a r t m e n t .   The  s i l i c o n   r u b b e r   t u b e s   e n t e r   t h e  
c e l l   c o m p a r t m e n t   of  the  s p e c t r o p h o t o m e t e r   t h r o u g h   s m a l l  

h o l e s   in  the  l i d .   The  smal l   amount  of  l i g h t   which  m u s t  

e n t e r   he r e   does  not  a f f e c t   r e a d i n g s   in  the  v i s i b l e  

r a n g e .  

The  Flow  C e l l  

The  s i l i c a   f low  c e l l   has  a  pa th   l e n g t h   of  1  cm.  I t s  



s t o p p e r   has  a  g l a s s   e n t r y   tube  a lmos t   r e a c h i n g   the  b o t -  

tom  of  the  c e l l   and  se t   to  one  s ide   out  of  the  l i g h t  
p a t h .   A  s h o r t   e x i t   tube   t a k e s   the  s o l u t i o n   from  the  t o p  
of  the  c e l l   t h r o u g h   the  pump  and  back  to  the  b u l k  
s o l u t i o n .  

Me thod  

A  0.04%  w/v  s t o c k   s o l u t i o n   of  dye  was  d i l u t e d   wi th   d e -  
m i n e r a l i s e d   wa te r   to  g ive   250  ml  of  0.004%  s o l u t i o n .  

This   was  poured   i n t o   a  600  ml  b e a k e r   se t   in  the  w a t e r  

ba th   p r e h e a t e d   to  40°C  and  the  pH  was  a d j u s t e d .   The 
s o l u t i o n   was  then  pumped  t h r o u g h   the  c e l l   at  a  r a t e   o f  

40  ml  per  m i n u t e .   This  g i v e s   a  good  flow  t h r o u g h   t h e  
c e l l   w i t h o u t   t u r b u l e n c e   c a u s i n g   b u b b l e s .   The  per  c e n t  
t r a n s m i s s i o n   at  max  for   the  dye  was  m o n i t o r e d   on  t h e  
r e c o r d e r .  

A  f u r t h e r   250  ml  of  d e m i n e r a l i s e d   wate r   c o n t a i n i n g  
1.137  x  10-4  m  of  p e r a c i d   was  warmed  to  40°C  and  t h e  

pH  a d j u s t e d .   This  was  added  to  the  dye  s o l u t i o n   and  t h e  

change  in  %  t r a n s m i s s i o n   was  r e c o r d e d   for  one  h o u r .  

Dur ing  t h i s   t ime ,   the  s o l u t i o n   was  s t i r r e d   c o n s t a n t l y  
and,  at  v a r i o u s   t ime  i n t e r v a l s ,   50  ml  a l i q u o t s   w e r e  
t aken   for   t i t r a t i o n   wi th   M/200  sodium  t h i o s u l p h a t e .  

When  r e a g e n t s   such  as  e l e c t r o l y t e s ,   s u r f a c t a n t s   o r  
b l e a c h i n g   a i d s   were  to  be  used,   t hey   were  added  as  t h e  
f i r s t   dye  s o l u t i o n   was  p r e p a r e d .  

B l e a c h e s   were  compared  at  equa l   a c t i v e   oxygen  c o n c e n -  
t r a t i o n s .  

C a l c u l a t i o n   of  Dye  C o n c e n t r a t i o n  

The  dye  s o l u t i o n   was  scanned   from  700  nm  to  400  nm  t o  
f ind   the  maximum  a b s o r p t i o n   w a v e l e n g t h .   Then  an  a b -  



s o r p t i o n   ( a t  λ   max)  vs  c o n c e n t r a t i o n   (%  w/v)  graph  was 
p l o t t e d   and  the  s lope   c a l c u l a t e d .  

The  dye  s o l u t i o n s   were  r e c o r d e d   as  the  change  in  % 
t r a n s m i s s i o n .   T h e r e f o r e ,   the  c o n c e n t r a t i o n   of  d y e  

p r e s e n t   at  any  t ime  was  c a l c u l a t e d   a s :  

Slope  =  the  s l ope   of   the  a b s o r p t i o n   vs  c o n c e n t r a t i o n  

g r a p h .  

Dye  T r a n s f e r   E x p e r i m e n t s  -   Tes t   Method  

The  Dyed  Tes t   F a b r i c s  

Tes t   f a b r i c s   wi th   d i f f e r e n t   dye  t y p e s   are  used.   One 
17.5  cm  x  17.5  cm  squa re   of  dyed  t e s t   c l o t h   was  used  i n  
each  w a s h .  

The  Dye  T r a n s f e r   M o n i t o r s  

The  f a b r i c s   for   dye  p i c k - u p   were  whi te   m e r c e r i s e d ,   d e -  
s i z e d   c o t t o n   s h i r t i n g   and  whi te   b u l k e d   ny lon   66,  b o t h  
n o n - f l u o r e s c e n t .   One  12  cm  x  12  cm  s q u a r e   of  each  o f  
t h e s e   was  put  i n t o   the  wash,  r e g a r d l e s s   of  the  d y e  

t y p e ,   to  keep  the  l i q u o r   to  c l o t h   r a t i o   the  s ame .  

Wash  C o n d i t i o n s  

The  s e t s   of  t e s t   c l o t h s   were  washed  in  the  T e r g - O -  
Tometer   for   30  m inu t e s   at  a  c o n s t a n t   40°C  and  100  rpm.  
The  p r o d u c t   c o n c e n t r a t i o n   was  0.4%  w/v  in  18°  h a r d  
wa te r   wi th   a  l i q u o r   to  c l o t h   r a t i o   of  50:1 .   Each  set   o f  

c l o t h s   was  r i n s e d   s e p a r a t e l y   wi th   t h r e e   600  ml  p o r t i o n s  
of  co ld   18°  hard   w a t e r .  



Wash  Method  

450  ml  p o r t i o n s   of  18°  hard   wa te r   were  poured   i n t o   t h e  

Tergo  po t s   and  a l lowed   to  warm  up  to  40°C.  The  p r e -  
weighed  c o n s t i t u e n t s   were  then  added.   One  dyed  t e s t  

f a b r i c   and  one  each  of  the  c l ean   c o t t o n   and  nylon  t e s t  

c l o t h s   were  added  and  washed  for  30  min.  at  100  rpm.  

At  the  end  of  the  wash,  the  s e t s   of  c l o t h s   from  e a c h  

pot   were  put   i n t o   s e p a r a t e   600  ml  p o r t i o n s   of  cold  18°  

hard   w a t e r .   The  r i n s e s   were  then  c o n t i n u e d ,   each  se t   o f  
c l o t h s   be ing   r i n s e d   t h r e e   t imes   in  600  ml  p o r t i o n s   o f  
co ld   18°  hard   w a t e r .  

A f t e r   r i n s i n g ,   the  c l o t h s   were  s e p a r a t e d ,   padded  on  

paper   t o w e l l i n g   to  remove  excess   m o i s t u r e   and  d r i e d   i n  

a  c a b i n e t   at  6 0 ° C .  

Measurement   of  Dye  P i c k - u p  

The  r e f l e c t a n c e   of  the  c l o t h s   was  measured   at  the  m a x i -  

mum  a b s o r b e n c e   w a v e l e n g t h   of  the  dye  us ing   a  Beckmann 
DB-GD  g r a t i n g   s p e c t r o p h o t o m e t e r   f i t t e d   with  a  d i f f u s e  

r e f l e c t a n c e   a t t a c h m e n t .   Barium  s u l p h a t e   was  used  t o  
s t a n d a r d i s e   the  i n s t r u m e n t   and  as  a  r e f e r e n c e   when 

m e a s u r i n g   the  c l o t h s .  

From  the  above  e x p e r i m e n t a l   r e s u l t s   i t   can  be  sa id   t h a t  
the  c o m p o s i t i o n   of  the  i n v e n t i o n   shou ld   p r e f e r a b l y   c o n -  
t a i n   at  l e a s t   0.002%  by  we igh t   of  c o p p e r ,   i . e .   e q u i v -  
a l e n t   to  about   0.1  ppm  in  s o l u t i o n ,   shou ld   p r e f e r a b l y  
have  a  5  g/1  s o l u t i o n   pH  of  from  about   7  to  about   1 1 ,  
and  shou ld   p r e f e r a b l y   c o n t a i n   a  h y d r o g e n   p e r o x i d e   a d -  

duc t   at  molar   r a t i o s   to  p e r a c i d   which  can  be  as  low  a s  
about   1:100  up  to  abou t   2 :1 ,   most  p r e f e r a b l y   from  1 : 2 5  

to  1 : 1 .  



For  p r a c t i c a l   r e a s o n s ,   the  upper  l i m i t   of  the  c o p p e r  
c o n c e n t r a t i o n   can  be  se t   at  about   2.5%  by  we igh t   b a s e d  

on  the  t o t a l   c o m p o s i t i o n .  

As  the  s o u r c e   of  copper ,   any  copper   s a l t   can  be  used  i n  

the  p r a c t i c e   of  the  i n v e n t i o n ,   for  example  copper   s u l -  

p h a t e ,   copper   c a r b o n a t e ,   copper   c h l o r i d e ,   copper   p h o s -  
p h a t e   e t c .  

As  a l r e a d y   e l u c i d a t e d   b e f o r e ,   s e q u e s t r a t i o n   of  c o p p e r  
by  s t r o n g   s e q u e s t r a n t s   should   be  min imized   so  as  t o  
f a v o u r   d y e / c o p p e r   i n t e r a c t i o n   and  the  p r o d u c t i o n   o f  
r a d i c a l s   from  the  b l e a c h ,   but  on  the  o t h e r   hand  e x -  
c e s s i v e   b l e a c h   d e c o m p o s i t i o n   must  be  avo ided   d u r i n g  

s t o r a g e   of  the  powder.   Hence  the  p r e s e n c e   of  very   m i n o r  

amounts  of  a  r e l a t i v e l y   weak  s e q u e s t r a n t   such  as  e t h y l -  
ene  d i amine   t e t r a - a c e t a t e s   (EDTA)  can  be  t o l e r a t e d   i n  

the  p r e s e n t   i n v e n t i o n   at  l e v e l s   u s u a l l y   below  0.2%  b y  
w e i g h t ,   p r e f e r a b l y   up  to  about   0.1%  by  w e i g h t ,   based  on  
the  t o t a l   c o m p o s i t i o n .   The  l e v e l   of  s e q u e s t r a n t   t o l e r -  
a ted   w i l l   depend  on  the  l e v e l   of  copper   a d d e d .  

In  p r a c t i c e ,   where  the  i n v e n t i o n   is  used  in  a  n o r m a l  

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

of  copper   in  the  f o r m u l a t i o n   is  r e q u i r e d .   Hence  a  p r e -  
f e r r e d   l e v e l   of  copper   in  such  f o r m u l a t i o n s   w i l l   i n  

g e n e r a l   be  at  l e a s t   about   0.02%  by  w e i g h t .  

From  t h e o r e t i c a l   c o n s i d e r a t i o n s ,   s t a i n   ch romophores   o n  
f a b r i c s ,   which  are  g e n e r a l l y   q u i n o n o i d   in  c h a r a c t e r ,  

are  u n l i k e l y   to  behave  very  d i f f e r e n t l y   to  dyes  i n  

b l e a c h i n g   r e a c t i o n s .   Dyes  of  d i f f e r e n t   t y p e s ,   e .g .   a z o ,  
q u i n o n o i d   and  i n d i g o i d ,   have  a l l   been  found  to  r e s p o n d  
t o  t r a n s i t i o n   meta l   ion  c a t a l y s i s   in  s o l u t i o n .   Howeve r ,  
whereas   dyes  can  be  b l e a c h e d   in  s o l u t i o n   ( i . e .   a  homo- 

geneous   r e a c t i o n ) ,   in  o r d e r   to  b l e a c h   dye  on  the  c l o t h ,  



the  b l e a c h   must  t r a n s f e r   from  the  s o l u t i o n   phase   i n t o  
(or  onto)   the  s u b s t r a t e   p h a s e .   A  s u r p r i s i n g   f e a t u r e   o f  
the  p r e s e n t   i n v e n t i o n   is  t h a t   g e n e r a l l y   no  p o s i t i v e  

c a t a l y s i s   of  dye  or  s t a i n   b l e a c h i n g   on  the  f a b r i c   i s  
o b s e r v e d   from  copper   added  to  the  wash  s o l u t i o n .   The 
e f f e c t   of  copper   in  s o l u t i o n   is  l i k e l y   to  d e p l e t e   t h e  
c o n c e n t r a t i o n   of  t r a n s f e r a b l e   b l e a c h   s p e c i e s   ( b l e a c h  
an ion   ROO-  and  e s p e c i a l l y   u n d i s s o c i a t e d   ROOH)  i n  
s o l u t i o n   and  thus   to  r e d u c e   the  amount  of  b l e a c h   a v a i l -  
ab le   to  unde rgo   phase   t r a n s i t i o n   i n t o   the  dye  or  s t a i n  

on  the  f a b r i c ,   thus   r e d u c i n g   d i r e c t   f a b r i c   b l e a c h i n g .  

I t   shou ld   be  a p p r e c i a t e d   t h a t   the  i n v e n t i o n   as  d e s -  
c r i b e d   h e r e i n b e f o r e   for  p e r a c i d s   is  a l so   a p p l i c a b l e   t o  
p e r a c i d   p r e c u r s o r   sy s t ems   which  form  o r g a n i c   p e r a c i d s  
in  aqueous   media  by  h y d r o l y s i s   or  p e r h y d r o l y s i s .  

The  o r g a n i c   p e r a c i d s   which  can  be  used  in  the  p r e s e n t  
i n v e n t i o n   are  known  in  the  a r t .   They  can  be  e i t h e r   a l i -  

p h a t i c   or  a r o m a t i c   and  have  the  g e n e r a l   f o r m u l a :  

w h e r e i n   R  is  an  a l k y l e n e   group  c o n t a i n i n g   from  1 - 1 6  
ca rbon   atoms  or  an  a r y l e n e   group  c o n t a i n i n g   from  6 - 8  
ca rbon   atoms  and  Y  is  h y d r o g e n ,   h a l o g e n ,   a l k y l ,   a ry l   o r  
any  group  which  p r o v i d e s   an  a n i o n i c   m o i e t y   in  a q u e o u s  
s o l u t i o n ,   for   e x a m p l e :  

where in   M  is  h y d r o g e n   or  a  w a t e r - s o l u b l e   s a l t - f o r m i n g  
c a t i o n .  

Examples   of  a l i p h a t i c   p e r a c i d s   are  p e r a c e t i c   a c i d ,  
m o n o p e r a z e l a i c   a c i d ,   d i p e r a z a l a i c   a c i d ,   d i p e r a d i p i c  
a c i d ,   d i p e r o x y   d o d e c a n o i c   ac id   and  decy l   b u t a n e   d i p e r -  
oxoic   a c i d .  



Examples  of  a r o m a t i c   p e r a c i d s   are  monoperoxy  p h t h a l i c  

a c i d ,   p e r b e n z o i c   a c i d ,   m - c h l o r o - p e r b e n z o i c   a c i d ,   d i -  

p e r i s o p h t h a l i c   ac id   or  m i x t u r e s   t h e r e o f .  

Examples  of  p e r a c i d   s a l t s   as  meant  he re   i n c l u d e   mag-  
nesium  m o n o p e r p h t h a l a t e ,   p o t a s s i u m   m o n o p e r s u l p h a t e ,  
and  p e r o x y m o n o p h o s p h a t e .   M i x t u r e s   of  p e r a c i d s   (wi th   o r  
w i t h o u t   a  hyd rogen   p e r o x i d e   adduc t )   may  be  u s e f u l   i n  

p r a c t i c e .  

In  sys t ems   where  the  p e r a c i d   is  formed  in  s i t u   from  i t s  

p r e c u r s o r   or  p r e c u r s o r s ,   the  p e r a c i d   can  be  formed  f r o m  

the  c o m b i n a t i o n   of  an  o r g a n i c   p e r a c i d   p r e c u r s o r ,   s o -  
c a l l e d   " p e r s a l t   a c t i v a t o r "   and  a  p e r s a l t   of  the  p e r o x y -  
h y d r a t e   t y p e ,   e .g .   sodium  p e r b o r a t e ,   by  p e r h y d r o l y s i s ,  
or  from  a  p r e c u r s o r   which  g e n e r a t e s   p e r a c i d   by  h y d r o -  
l y s i s .   Hence  v a r i o u s   p e r a c i d   p r e c u r s o r s   w i l l   f a l l  
w i t h i n   the  scope  of  use  in  the  c o m p o s i t i o n s   of  t h e  
i n v e n t i o n .   These  i n c l u d e   benzoy l   p e r o x i d e   and  d i p h -  

t h a l o y l   p e r o x i d e ,   both   of  which  are  c a p a b l e   of  g e n e r -  
a t i n g   p e r a c i d s ,   i . e .   p e r b e n z o i c   ac id   and  m o n o p e r o x y -  
p h t h a l i c   a c i d ,   r e s p e c t i v e l y .  

P r e c u r s o r s   which  g e n e r a t e   p e r a c i d   on  p e r h y d r o l y s i s   a r e  
known  in  the  a r t   and  i n c l u d e   e s t e r s ,   such  as  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 s   836 ,988   and  970 ,950 ,   i n -  

c l u d i n g   g l y c e r o l   p e n t a - a c e t a t e   and  t e t r a - a c e t y l   x y l o s e ;  
acy l   amides ,   such  as  N , N , N ' , N ' - t e t r a - a c e t y l   e t h y l e n e  
d i amine   (TAED),  t e t r a - a c e t y l   g l y c o l u r i l ,   N , N ' - d i a c e t y l  
a c e t o x y   methyl   malonamide   and  o t h e r s   d e s c r i b e d   i n  
B r i t i s h   P a t e n t s   907 ,356 ;   8 5 5 , 7 3 5 ;   1 , 2 4 6 , 3 3 9   and  US 
P a t e n t   4 , 1 2 8 , 4 9 4 ;   acy l   a z o l e s ,   such  as  t h o s e   d e s c r i b e d  
in  Canadian   P a t e n t   844 ,481 ;   acyl   i m i d e s ,   such  as  t h o s e  
d e s c r i b e d   in  South  A f r i c a n   P a t e n t   68 /6344 ;   and  t r i a c y l  

c y a n u r a t e s ,   such  as  d e s c r i b e d   in  US  P a t e n t   3 , 3 3 2 , 8 8 2 .  



The  amount  of  p e r a c i d   compound  in  the  c o m p o s i t i o n   o f  
the  i n v e n t i o n   w i l l   be  in  the  range  g e n e r a l l y   of  f r o m  

0.5  to  25%  by  w e i g h t ,   p r e f e r a b l y   from  1  to  15%  b y  

w e i g h t .  

These  l e v e l s   as  d e f i n e d   for  p e r a c i d   compounds  are  a p -  
p l i c a b l e   to  o r g a n i c   p e r a c i d s ,   p e r a c i d   s a l t s   as  wel l   a s  

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

p e r h y d r o l y s i s .  

In  sy s t ems   c o m p r i s i n g   an  o r g a n i c   p e r a c i d   p r e c u r s o r   a n d  

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

t a g e o u s l y   be  used  in  s t o i c h i o m e t r i c   r a t i o   to  the  p e r -  
s a l t ,   though  h i g h e r   r a t i o s   of  p e r s a l t   to  o r g a n i c   p r e -  
c u r s o r s   can  a l s o   be  used,   p a r t i c u l a r l y   i f   a  p e r s a l t  
b l e a c h   s c a v e n g e r ,   such  as  c a t a l a s e ,   is  p r e s e n t .   P r e f e r -  
red  p e r s a l t s   are  sodium  p e r b o r a t e   and  sodium  p e r c a r -  
b o n a t e .  

P r e c u r s o r s   which  g e n e r a t e   p e r a c i d s   on  p e r h y d r o l y s i s   a r e  
t h e r e f o r e   u s a b l e   at  l e v e l s   of  about   0.5-25%  by  w e i g h t ,  
p r e f e r a b l y   1-15%  by  w e i g h t ,   in  c o n j u n c t i o n   with  a  p e r -  
s a l t   at  l e v e l s   of  about   0.5-50%  by  w e i g h t ,   p r e f e r a b l y  
0.5-30%  by  we igh t   of  the  c o m p o s i t i o n .  

The  i n v e n t i o n   t h e r e f o r e   p r o v i d e s   an  improved  f a b r i c -  

washing  c o m p o s i t i o n   e s p e c i a l l y   but  not  e x c l u s i v e l y  
d e s i g n e d   for   the  wash ing   of  mixed  c o l o u r e d   f a b r i c s ,  

c o m p r i s i n g   from  0.5  to  25%  by  we igh t   of  a  p e r a c i d   or  a  
p e r a c i d   p r e c u r s o r   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  
0.002%  by  we igh t   of  a  copper   c a t i o n   in  the  absence   o r  
s u b s t a n t i a l   a b s e n c e   of  a  p o w e r f u l   s e q u e s t r a n t   w h i c h  

complexes   s t r o n g l y   with  c o p p e r .  

P r e f e r a b l y   the  washing   c o m p o s i t i o n   of  the  i n s t a n t   i n -  
v e n t i o n   c o n t a i n s   a  s u r f a c t a n t .   The  s u r f a c t a n t   can  b e  



a n i o n i c ,   n o n i o n i c ,   c a t i o n i c ,   s e m i - p o l a r ,   a m p h o l y t i c   o r  
z w i t t e r i o n i c   in  n a t u r e ,   or  can  be  m i x t u r e s   t h e r e o f .  
A n i o n i c s / n o n i o n i c s   and  c a t i o n i c s / n o n i o n i c s   are  t y p i c a l  
b a s i c   s u r f a c t a n t   m i x t u r e s .   These  s u r f a c t a n t s   can  b e  

used  at  l e v e l s   from  about   5%  to  about   50%  of  t h e  

c o m p o s i t i o n   by  w e i g h t ,   p r e f e r a b l y   at  l e v e l s   of  a b o u t  

10%  to  35%  by  w e i g h t .  

T y p i c a l   a n i o n i c   n o n - s o a p   s u r f a c t a n t s   are  the  a l k y l -  
benzene   s u l p h o n a t e s   hav ing   from  8-16  ca rbon   atoms  i n  

the  a l k y l   g roup ,   e .g .   sodium  dodecy l   benzene   s u l p h o n -  
a t e ;   the  a l i p h a t i c   s u l p h o n a t e s ,   e .g .   C8-C18  a l k a n e  

s u l p h o n a t e s ;   the  o l e f i n   s u l p h o n a t e s   h a v i n g   from  1 0 - 2 0  
ca rbon   a toms,   o b t a i n e d   by  r e a c t i n g   an  a l p h a - o l e f i n   w i t h  

gaseous   d i l u t e d   s u l p h u r   t r i o x i d e   and  h y d r o l y s i n g   t h e  

r e s u l t i n g   p r o d u c t ;   the  a l k y l   s u l p h a t e s ,   such  as  t a l l o w  
a l c o h o l   s u l p h a t e ;   and  f u r t h e r   the  s u l p h a t i o n   p r o d u c t s  
of  e t h o x y l a t e d   a n d / o r   p r o p o x y l a t e d   f a t t y   a l c o h o l s ,  

a l k y l   p h e n o l s   wi th   8-15  ca rbon   atoms  in  the  a l k y l  

group,   and  f a t t y   ac id   amides  h a v i n g   1-8  moles  of  e t h y l -  
ene  ox ide   or  p r o p y l e n e   ox ide   g r o u p s .   Other   a n i o n i c  
s u r f a c t a n t s   u s a b l e   in  the  p r e s e n t   i n v e n t i o n   are  the  a l -  
k a l i   meta l   soaps  ( e . g .   of  C8-C22  f a t t y   a c i d s ) .  

T y p i c a l   n o n i o n i c   s u r f a c t a n t s   are  the  c o n d e n s a t i o n   p r o -  
d u c t s   of  a l k y l   p h e n o l s   h a v i n g   5-15  ca rbon   atoms  in  t h e  

a l k y l   group  with  e t h y l e n e   o x i d e ,   e . g .   the  r e a c t i o n   p r o -  
duc t   of  nonyl   pheno l   wi th   6-30  e t h y l e n e   ox ide   u n i t s ;  
the  c o n d e n s a t i o n   p r o d u c t s   of  h i g h e r   f a t t y   a l c o h o l s ,  
such  as  t r i d e c y l   a l c o h o l   and  s e c o n d a r y   C10-C15  a l -  

c o h o l s ,   with  e t h y l e n e   ox ide ,   known  under  the  t r a d e - n a m e  

of  " T e r g i t o l s " ® ,   s u p p l i e d   by  Union  C a r b i d e ;   t h e  

c o n d e n s a t i o n   p r o d u c t s   of  f a t t y   ac id   amine  wi th   8 - 1 5  

e t h y l e n e   ox ide   u n i t s   and  the  c o n d e n s a t i o n   p r o d u c t s   o f  

p o l y p r o p y l e n e   g l y c o l   with  e t h y l e n e   o x i d e .  



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

q u a t e r n a r y   ammonium  compounds  and  the  C10-C25  a l k y l  
i m i d a z o l i n i u m   s a l t s .   P r e f e r r e d   q u a t e r n a r y   ammonium 

compounds  are  the  d i (C16-C20   a l k y l ) d i ( C 1 - C 4  
a l k y l )   ammonium  s a l t s   such  as  d i t a l l o w   d i m e t h y l   ammonium 
c h l o r i d e ;   d i t a l l o w   d i m e t h y l   ammonium  m e t h y l s u l p h a t e ;  
d i h y d r o g e n a t e d   t a l l o w   d i m e t h y l   ammonium  c h l o r i d e   o r  
methy l   s u l p h a t e ;   d i o c t a d e c y l   d i m e t h y l   ammonium  c h l o r i d e ;  
d i c o c o n u t   a l k y l   d i m e t h y l   ammonium  c h l o r i d e .   Also  s u i t a -  
b le   are  the  s i n g l e   long  c h a i n e d   q u a t e r n a r y   ammonium 

compounds  where in   the  long  cha in   is  a  C10-C22  a l k y l  
or  a l k e n y l   g r o u p .  

A  p r e f e r r e d   member  of  the  c l a s s   of  C10-C25  a l k y l  
i m i d a z o l i n i u m   s a l t s ,   b e l i e v e d   to  be  the   1 - m e t h y l - 2 -  
t a l l o w - 3 - ( 2 - t a l l o w   amide  e t h y l )   i m i d a z o l i n i u m   c h l o r i d e ,  
is  sold  under   the  t r a d e - n a m e   of  V a r i s o f t   455  or  457 
(Ash land   Chemica l   Company)  or  S temoqua t   M  5 0 4 0 / H  
(Chemische   Werke  Rewo) .  

A  t y p i c a l   l i s t i n g   of  the  c l a s s e s   and  s p e c i e s   of  s u r f -  
a c t a n t s   u s e f u l   in  t h i s   i n v e n t i o n   a p p e a r s   in  the  b o o k s  
" S u r f a c e   A c t i v e   A g e n t s " ,   Vol.  I,  by  Schwar tz   &  P e r r y  
( I n t e r s c i e n c e   P u b l i s h e r s   1949)  and  " S u r f a c e   A c t i v e  

Agents   and  D e t e r g e n t s " ,   Vol  I I ,   by  S c h w a r t z ,   P e r r y   & 
Berch  ( I n t e r s c i e n c e   1958) ,   the  d i s c l o s u r e s   of  which  a r e  
i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

G e n e r a l l y ,   a  washing   c o m p o s i t i o n   of  the  i n v e n t i o n   w i l l  
a l s o   i n c l u d e   one  or  more  d e t e r g e n c y   b u i l d e r s   and  a l k a -  
l i n e   m a t e r i a l s .   U s u a l l y   the  t o t a l   amount  of  d e t e r g e n c y  
b u i l d e r s   in  a  d e t e r g e n t   c o m p o s i t i o n   of  the  i n v e n t i o n  
w i l l   be  from  about   5  to  about   70%  by  we igh t   of  t h e  

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

known,  and  t h o s e   s k i l l e d   in  the  a r t   of  f o r m u l a t i n g  

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

with  t h e s e   m a t e r i a l s .   Examples  of  known  d e t e r g e n c y  



b u i l d e r s   are  sodium  t r i p h o s p h a t e ;   sodium  o r t h o p h o s -  

p h a t e ;   sodium  p y r o p h o s p h a t e ;   sodium  t r i m e t a p h o s p h a t e ;  
sodium  c a r b o n a t e ;   sodium  s i l i c a t e ;   sodium  o x y d i -  

a c e t a t e ;   sodium  s a l t s   of  l o n g - c h a i n   d i c a r b o x y l i c   a c i d s ,  
for  i n s t a n c e   s t r a i g h t - c h a i n   (C10  to  C20)  s u c c i n i c  
a c i d s   and  ma lon ic   a c i d s ;   sodium  s a l t s   of  a l p h a - s u l p h o n -  
a t e d   l o n g - c h a i n   m o n o c a r b o x y l i c   a c i d s ;   sodium  s a l t s   o f  

p o l y c a r b o x y l i c   a c i d s ,   i . e .   a c i d s   d e r i v e d   from  t h e  

( c o ) p o l y m e r i s a t i o n   of  u n s a t u r a t e d   c a r b o x y l i c   a c id s   a n d  

u n s a t u r a t e d   ca rboxy   ac id   a n h y d r i d e s ,   such  as  m a l e i c  

a c i d ,   a c r y l i c   a c id ,   i t a c o n i c   a c i d ,   m e t h a c r y l i c   a c i d ,  
c r o t o n i c   ac id   and  a c o n i t i c   a c i d ,   and  the  a n h y d r i d e s   o f  
t h e s e   a c i d s ,   and  a l so   from  the  c o p o l y m e r i s a t i o n   of  t h e  
above  a c i d s   and  a n h y d r i d e s   with  minor  amounts  of  o t h e r  

monomers,  such  as  v i n y l   c h l o r i d e ,   v i n y l   a c e t a t e ,   m e t h y l  

m e t h a c r y l a t e ,   me thy l   a c r y l a t e   and  s t y r e n e ;   and  m o d i f i e d  

s t a r c h e s   such  as  s t a r c h e s   o x i d i z e d ,   for  example  u s i n g  
sodium  h y p o c h l o r i t e ,   in  which  some  a n h y d r o g l u c o s e   u n i t s  
have  been  opened  to  g ive   d i c a r b o x y l   u n i t s .   A n o t h e r  
c l a s s   of  s u i t a b l e   b u i l d e r s   is  the  i n s o l u b l e   a l u m i n o -  
s i l i c a t e s   as  d e s c r i b e d   in  B r i t i s h   P a t e n t s   1  429  1 4 3 ,  
1  470  250  and  1  529  454,  e .g .   z e o l i t e   A. 

F u r t h e r ,   a  d e t e r g e n t   c o m p o s i t i o n   of  the  i n v e n t i o n   may 
c o n t a i n   any  of  the  c o n v e n t i o n a l   d e t e r g e n t   c o m p o s i t i o n  
i n g r e d i e n t s   in  any  of  the  amounts  in  which  such  c o n -  
v e n t i o n a l   i n g r e d i e n t s   are  u s u a l l y   employed  t h e r e i n .  

Examples  of  t h e s e   a d d i t i o n a l   i n g r e d i e n t s   are  l a t h e r  

b o o s t e r s ,   such  as  coconu t   m o n o - e t h a n o l a m i d e   and  p a l m -  
k e r n e l   m o n o - e t h a n o l a m i d e ;   l a t h e r   c o n t r o l l e r s ,   i n o r g a n i c  

s a l t s ,   such  as  sodium  s u l p h a t e   and  magnesium  s u l p h a t e ;  
a n t i - r e d e p o s i t i o n   a g e n t s ,   such  as  sodium  c a r b o x y m e t h y l -  
c e l l u l o s e ;   and,  u s u a l l y   p r e s e n t   only   in  minor  a m o u n t s ,  
p e r f u m e s ,   c o l o r a n t s ,   f l u o r e s c e r s ,   c o r r o s i o n   i n h i b i t o r s  
and  g e r m i c i d e s .  



The  washing   c o m p o s i t i o n   of  the  p r e s e n t   i n v e n t i o n   c a n  
s u i t a b l y   be  used  in  r e l a t i v e l y   s h o r t   washes  as  wel l   a s  
in  r e l a t i v e l y   l o n g e r   s o a k - w a s h i n g s   under  room  t e m p e r a -  
t u r e   c o n d i t i o n s   up  to  60°C  for   c o l o u r e d   f a b r i c s ,   with  a  
minimal   r i s k   of  dye  t r a n s f e r   and  w i t h o u t   the  r i s k   o f  
s e r i o u s   d i r e c t   f a b r i c   b l e a c h i n g .  

It  shou ld   be  a p p r e c i a t e d   t h a t   the  i n v e n t i o n   can  a l so   b e  
f o r m u l a t e d   as  a  washing   or  b l e a c h   a d j u n c t   to  i m p r o v e  
the  p e r f o r m a n c e   of  e x i s t i n g   d e t e r g e n t   c o m p o s i t i o n s ,  

e . g .   f i ne   wash  p r o d u c t s .   In  t h a t   case  the  sys tem  w i l l  
e s s e n t i a l l y   c o n s i s t   of  a  dry  m i x t u r e   of  0.5  to  25  p a r t s  
by  we igh t   of  a  p e r a c i d   compound  and  0 .002  to  2.5  p a r t s  
by  we igh t   of  a  copper   c a t a l y s t ,   e .g .   c u p r i c   s u l p h a t e   o r  
c u p r i c   c h l o r i d e ,   and  o p t i o n a l l y   an  i n e r t   f i l l e r   such  a s  
sodium  s u l p h a t e .  

The  washing   c o m p o s i t i o n s   of  the  i n v e n t i o n   are  p r e f e r -  

ably   p a r t i c u l a t e ,   e i t h e r   as  f l o w a b l e   powders  or  a g -  
g r e g a t e s .  

They  can  be  p r e p a r e d   us ing   any  of  the  c o n v e n t i o n a l  

m a n u f a c t u r i n g   t e c h n i q u e s   commonly  used  or  p r o p o s e d   f o r  
the  p r e p a r a t i o n   of  p a r t i c u l a t e   d e t e r g e n t   c o m p o s i t i o n s ,  
such  as  d r y - m i x i n g ,   or  s l u r r y - m a k i n g   f o l l o w e d   by  s p r a y -  
d r y i n g   or  s p r a y - c o o l i n g   and  s u b s e q u e n t   d r y - d o s i n g   o f  
s e n s i t i v e   i n g r e d i e n t s ,   e . g .   the  s o l i d   o r g a n i c   p e r o x y -  
ac id   compound,  the  p e r o x y a c i d   p r e c u r s o r   and  the  i n -  

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

Other   c o n v e n t i o n a l   t e c h n i q u e s   for  t a k i n g   p r e c a u t i o n s   t o  

improve  s t o r a g e   s t a b i l i t y   or  to  m in imize   undue  and  u n -  
d e s i r a b l e   i n t e r a c t i o n s   d u r i n g   s t o r a g e   be tween   t h e  

b l e a c h i n g   a g e n t s   and  copper   or  o t h e r   components   of  t h e  

d e t e r g e n t   c o m p o s i t i o n s ,   such  as  n o o d l i n g ,   g r a n u l a t i o n ,  
p e l l e t i z i n g   and  c o a t i n g   of  any  of  the  compounds  may  b e  
u t i l i z e d   as  and  when  n e c e s s a r y .  



1.  F a b r i c   washing  d e t e r g e n t   c o m p o s i t i o n   e s p e c i a l l y  

but   not  e x c l u s i v e l y   but   not  e x c l u s i v e l y   d e s i g n e d   f o r  

washing  mixed  c o l o u r e d   f a b r i c s ,   c o m p r i s i n g   from  0.5  t o  

25%  by  we igh t   of  a  p e r a c i d   compound  s e l e c t e d   from  t h e  

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

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

p e r h y d r o l y s i s ,   and  from  0.002%  to  2.5%  by  we igh t   o f  

copper   in  the  a b s e n c e   or  s u b s t a n t i a l   absence   of  a  

p o w e r f u l   s e q u e s t r a n t   which  complexes   s t r o n g l y   w i t h  

c o p p e r .  

2.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  Claim  1 ,  
c h a r a c t e r i z e d   in  t h a t   the  c o m p o s i t i o n   has  a  s o l u t i o n   pH 
(5  g/1)  of  from  7  to  1 1 .  

3.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  Claim  1  or  2 ,  
c h a r a c t e r i z e d   in  t h a t   s a id   p e r a c i d   compound  is  s e l e c t e d  

from  o r g a n i c   p e r a c i d s   and  p e r a c i d   s a l t s .  

4.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  Claim  3 ,  
c h a r a c t e r i z e d   in  t h a t   i t   f u r t h e r   c o m p r i s e s   a  h y d r o g e n  

p e r o x i d e   adduc t   in  a  molar   r a t i o   of  p e r a c i d   c o m p o u n d  :  

h y d r o g e n   p e r o x i d e   a d d u c t   of  from  100:1  to  1 : 2 .  

5.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  Claim  4 ,  
c h a r a c t e r i z e d   in  t h a t   s a id   molar  r a t i o   is  from  25:1  t o  

1 : 1 .  

6.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  Claim  5 ,  
c h a r a c t e r i z e d   in  t h a t   sa id   molar   r a t i o   is  2 : 1  

7.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  Claim  1  or  2 ,  
c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s   0.5-25%  by  we igh t   o f  

a  p e r a c i d   p r e c u r s o r   which  g e n e r a t e s   p e r a c i d s   by  p e r -  
h y d r o l y s i s   and  0.5-50%  by  we igh t   of  a  p e r s a l t .  



8.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  any  one  o f  

the  above  Cla ims ,   c h a r a c t e r i z e d   in  t h a t   i t   f u r t h e r   com- 
p r i s e s   a  s u r f a c t a n t   s e l e c t e d   from  the  group  of  a n i o n i c ,  

c a t i o n i c ,   n o n i o n i c ,   s e m i - p o l a r ,   a m p h o l y t i c   and  z w i t t e r -  

i o n i c   s u r f a c t a n t s   and  m i x t u r e s   t h e r e o f   in  an  amount  o f  
from  5  to  50%  by  we igh t   of  the  t o t a l   c o m p o s i t i o n .  

9.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  any  one  o f  

the  above  C la ims ,   c h a r a c t e r i z e d   in  t h a t   i t   f u r t h e r   com- 
p r i s e s   from  5  to  70%  by  we igh t   of  a  d e t e r g e n c y   b u i l d e r .  

10.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  Claim  9 ,  
c h a r a c t e r i z e d   in  t h a t   s a id   d e t e r g e n t   b u i l d e r   is  a  p h o s -  

p h a t e   b u i l d e r .  

11.  D e t e r g e n t   c o m p o s i t i o n   a c c o r d i n g   to  Claim  9  o r  
10,  c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s   from  0 . 0 2 - 2 . 5 %  

by  we igh t   of  c o p p e r .  
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