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amorphous  aluminosilicate  together  with  a  post-dosed  per- 
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any  present  in  the  granules. 

Exemplified  moisture  contents  lie  between  10.7%  and 
21.0%  of  the  base  powder  granules. 



I t   i s   known  to  f o r m u l a t e   s p r a y - d r i e d   d e t e r g e n t  

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

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

i n c l u d i n g   b l e a c h e s .   In  GB  1  473  202  (HENKEL  &  CIE  GmbH) 

i t   i s   p r o p o s e d   to   u se   X - r a y   a m o r p h o u s   a l u m i n o s i l i c a t e  

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

u s u a l   a l k a l i   m e t a l   p h o s p h a t e s   u s e d   h i t h e r t o .   H o w e v e r ,  

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

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

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

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

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

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

We  h a v e   d i s c o v e r e d   t h a t   g r a n u l a r   d e t e r g e n t  

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

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

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

c o m p o s i t i o n s .   We  h a v e   a l s o   d i s c o v e r e d   t h a t   when  s u c h  

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



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

i m p r o v e d .  

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

w a t e r .   Most   or  a l l   of   t h i s   w a t e r   i s   r e l a t i v e l y   l o o s e l y  

b o u n d   and  i s   l o s t   when  t h e   c o m p o s i t i o n   i s   h e a t e d   to   s a y  
1 3 5 ° C .   T h i s   l o o s e l y   b o u n d   w a t e r   i s   c o n s t i t u t e d   by  w a t e r  

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

and  f u r t h e r   w a t e r   w h i c h   i s   more   l o o s e l y   b o u n d   t o  

i n g r e d i e n t s   s u c h   as  d e t e r g e n t   a c t i v e   m a t e r i a l s .  

As  u s e d   h e r e i n ,   t h e   t e r m   " m o i s t u r e "   i s   t h e   w a t e r  

w h i c h   i s   l o s t   f rom  t h e   c o m p o s i t i o n   when  i t   i s   h e a t e d   t o  

1 3 5 ° C .  

.  H o w e v e r ,   in   c o m p o s i t i o n s   c o n t a i n i n g   a m o r p h o u s  

a l u m i n o s i l i c a t e   and  a l s o   in   c o m p o s i t i o n s   c o n t a i n i n g   NTA 

( s o d i u m   n i t r i l o t r i a c e t a t e ) ,   some  w a t e r   i s   n o t   l o s t   a t  

1 3 5 ° C .   T h i s   more   t i g h t l y   b o u n d   w a t e r   h o w e v e r   a d d s   to   t h e  

t o t a l   w a t e r   c o n t e n t   of   t h e   c o m p o s i t i o n .  

We  have   d i s c o v e r e d   t h a t   t h e   p r o p e r t i e s   o f  

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

d e p e n d e n t   upon   t h e   m o i s t u r e   c o n t e n t   of   t h e   c o m p o s i t i o n  

r a t h e r   t h a n   t h e   t o t a l   w a t e r   c o n t e n t .  

Where   t h e   c o m p o s i t i o n   c o m p r i s e s   a  s p r a y - d r i e d   b a s e  

p o w d e r   c o n t a i n i n g   a t   l e a s t   a  d e t e r g e n t   a c t i v e   and  a n  

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

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

b l e a c h e s ,   t h e   c r i t i c a l   f a c t o r   in   t h e   i o n - e x c h a n g e  

p r o p e r t i e s   of   t h e   c o m p o s i t i o n   i s   t h e   m o i s t u r e   c o n t e n t   o f  

t h e   b a s e   p o w d e r .  

T h u s ,   a c c o r d i n g   to   t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

d e t e r g e n t   c o m p o s i t i o n   c o m p r i s i n g   s p r a y - d r i e d   b a s e   p o w d e r  



g r a n u l e s ,   t o g e t h e r   w i t h   one  or   more   p o s t - d o s e d   i n g r e d i e n t s  

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

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

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

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

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

a l k a l i n e   s a l t   s e l e c t e d   f rom  a l k a l i   m e t a l   s i l i c a t e s ,   a l k a l i  

m e t a l   c a r b o n a t e s ,   a l k a l i   m e t a l   p h o s p h a t e s   and  m i x t u r e s  

t h e r e o f ,   c h a r a c t e r i s e d   in   t h a t   t h e   m o i s t u r e   c o n t e n t   o f  

s a i d   g r a n u l e s   i s   d e t e r m i n e d   by  t h e   f o r m u l a  

M  =  0 . 0 7 5 A   +  0 . 2 5   S  +  ( y  -   0 . 1 2 5 ) X  

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

by  w e i g h t ,   as  m e a s u r e d   by  t h e   w a t e r   l o s s   f rom  s a i d  

g r a n u l e s   a t   1 3 5 ° C ,   A  i s   t h e   a m o u n t   of   t h e   d e t e r g e n t   a c t i v e  

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

by  w e i g h t ,   S  i s   t h e   a m o u n t   of   t h e   a l k a l i n e   s a l t   in  s a i d  

g r a n u l e s   in   p a r t s   by  w e i g h t ,   X  i s   t h e   a m o u n t   of   t h e  

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

a l u m i n o s i l i c a t e   b u i l d e r   m a t e r i a l ,   i f   a n y ,   in   s a i d   g r a n u l e s  

in   p a r t s   by  w e i g h t   and  y  i s   a  n u m b e r   f rom  0 . 2 5   to   0 . 7 ,  

p r e f e r a b l y   f rom  0 .5   to   0 . 6 .  

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

a n d / o r   w h e r e   i t   c o n t a i n s   c r y s t a l l i n e   a l u m i n o s i l i c a t e  

( z e o l i t e )   in  a d d i t i o n   to   t h e   a m o r p h o u s   m a t e r i a l ,   y  

p r e f e r a b l y   l i e s   b e t w e e n   0 . 2 5   and  0 . 5 .   O t h e r w i s e ,   t h e  

p r e f e r r e d   l e v e l   f o r   y  i s   f rom  0 .5   to   0 . 6 .  

When  t h e   v a l u e   of   y  i s   t o o   low  ( w h i c h   c o r r e s p o n d s   t o  

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

p r o p e r t i e s   of   t h e   p o w d e r   may  be  u n s a t i s f a c t o r y .   When  t h e  

v a l u e   of  y  i s   t o o   h i g h   ( w h i c h   c o r r e s p o n d s   to   a  r e l a t i v e l y  

h i g h   m o i s t u r e   c o n t e n t ) ,   t h e   p o w d e r   p r o p e r t i e s   and  t h e  



b l e a c h   s t a b i l i t y   may  b e c o m e   u n a c c e p t a b l e   and  in   e x t r e m e  

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

THE  SYNTHETIC  DETERGENT  ACTIVE  MATERIAL 

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   n e c e s s a r i l y   c o n t a i n  

a  s y n t h e t i c   d e t e r g e n t   a c t i v e   m a t e r i a l   o t h e r w i s e   known  as  a  

d e t e r g e n t   s u r f a c t a n t ,   p r e f e r a b l y   p r e s e n t   a t   an  o v e r a l l  

l e v e l   of  b e t w e e n   2%  and  60%  by  w e i g h t ,   e s p e c i a l l y   a b o u t  

b e t w e e n   5%  and  40%  of   t h e   c o m p o s i t i o n .  

S u i t a b l e   d e t e r g e n t   s u r f a c t a n t s   a r e   w e l l   known  a n d  

r e a d i l y   a v a i l a b l e ,   as  d e s c r i b e d   f o r   e x a m p l e   in   " S u r f a c e  

A c t i v e   A g e n t s   and  D e t e r g e n t s " ,   V o l u m e s   I  and  I I   b y  

S c h w a r t z ,   P e r r y   and  B e r c h .  

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

u s e d   a r e   u s u a l l y   w a t e r   s o l u b l e   a l k a l i   m e t a l   s a l t s   o f  

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

c o n t a i n i n g   f rom  a b o u t   8  to   22  c a r b o n   a t o m s ,   t h e   t e r m   a l k y l  

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

r a d i c a l s .   E x a m p l e s   of   s u i t a b l e   s y n t h e t i c   a n i o n i c  

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

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

h i g h e r   (C8-C18)   a l c o h o l s   p r o d u c e d   by  r e d u c i n g   t h e  

g l y c e r i d e s   of   t a l l o w   or   c o c o n u t   o i l ;   s o d i u m   and  p o t a s s i u m  

a l k y l   (C9-C20)   b e n z e n e   s u l p h o n a t e s ,   p a r t i c u l a r l y   s o d i u m  

l i n e a r   s e c o n d a r y   a l k y l   ( C 1 0 - C 1 5 )   b e n z e n e   s u l p h o n a t e s ,  

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

e t h e r s   of   t h e   h i g h e r   a l c o h o l s   d e r i v e d   f rom  t a l l o w   o r  

c o c o n u t   o i l   and  s y n t h e t i c   a l c o h o l s   d e r i v e d   f rom  p e t r o l e u m ;  

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

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

e s t e r s   of   h i g h e r   (C8-C18)   f a t t y   a c l o h o l -   a l k y l e n e   o x i d e ,  

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

r e a c t i o n   of   f a t t y   a c i d s   s u c h   as  c o c o n u t   f a t t y   a c i d s  



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

s o d i u m   h y d r o x i d e ;   s o d i u m   and  p o t a s s i u m   s a l t s   of  f a t t y   a c i d  

a m i d e s   of   m e t h y l   t a u r i n e ;   a l k a n e   m o n o s u l p h o n a t e s   s u c h   a s  

t h o s e   d e r i v e d   by  r e a c t i n g   a l p h a -   o l e f i n s   (CS-C20)   w i t h  

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

w i t h   S02  and  C12  and  t h e n   h y d r o l y s i n g   w i t h   a  b a s e   t o  

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

t e r m   i s   u s e d   to   d e s c r i b e   t h e   m a t e r i a l   made  by  r e a c t i n g  

o l e f i n s ,   p a r t i c u l a r l y   C 1 0 - C 2 0   a l p h a o l e f i n s ,   w i t h   SO3  a n d  

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

N o n i o n i c   d e t e r g e n t   a c t i v e   c o m p o u n d s   may  a l t e r n a t i v e l y  

or   a d d i t i o n a l l y   be  u s e d .   E x a m p l e s   of   n o n i o n i c   d e t e r g e n t  

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

o x i d e s ,   u s u a l l y   e t h y l e n e   o x i d e ,   w i t h   a l k y l   ( C 6 - C 2 2 )  

p h e n o l s ,   g e n e r a l l y   5  to   25  EO;  i e   5  to   25  u n i t s   o f  

e t h y l e n e   o x i d e   p e r   m o l e c u l e ;   t h e   c o n d e n s a t i o n   p r o d u c t s   o f  

a l i p h a t i c   ( C 8 - C 1 8 )   p r i m a r y   or  s e c o n d a r y   l i n e a r   or  b r a n c h e d  

a l c o h o l s   w i t h   e t h y l e n e   o x i d e ,   g e n e r a l l y   5  to   40  EO,  a n d  

p r o d u c t s   made  by  c o n d e n s a t i o n   o f   e t h y l e n e   o x i d e   w i t h   t h e  

r e a c t i o n   p r o d u c t s   of   p r o p y l e n e   o x i d e   and  e t h y l e n e -   d i a m i n e .  

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

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

t e r t i a r y   p h o s p h i n e   o x i d e s   and  d i a l k y l   s u l p h o x i d e s .  

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

m i x e d   a n i o n i c   or   m i x e d   a n i o n i c   and   n o n i o n i c   c o m p o u n d s ,   m a y  

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

i m p a r t   t h e r e t o   c o n t r o l l e d   low  s u d s i n g   p r o p e r t i e s .   T h i s  

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

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

A m o u n t s   of   a m p h o t e r i c   or   z w i t t e r i o n i c   d e t e r g e n t  

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

t h e   i n v e n t i o n   b u t   t h i s   i s   n o t   n o r m a l l y   d e s i r e d   due  t o  

t h e i r   r e l a t i v e l y   h i g h   c o s t .   I f   any  a m p h o t e r i c   o r  



z w i t t e r i o n i c   d e t e r g e n t   a c t i v e   c o m p o u n d s   a r e   u s e d ,  

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

a m m o n i o p r o p a n e   s u l p h o n a t e ,   i t   i s   g e n e r a l l y   in   s m a l l  

a m o u n t s   in   c o m p o s i t i o n s   b a s e d   on  t h e   much  more   c o m m o n l y  

u s e d   a n i o n i c   a n d / o r   n o n i o n i c   d e t e r g e n t   a c t i v e  

c o m p o s i t i o n s .  

Some  s o a p   can   a l s o   be  p r e s e n t   in   t h e   c o m p o s i t i o n s ,  

e s p e c i a l l y   in   low  s u d s i n g   c o m p o s i t i o n s   t o g e t h e r   w i t h   m i x e d  

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

a r e   t h e   s o d i u m ,   o r   l e s s   d e s i r a b l y   p o t a s s i u m ,   s a l t s   o f  

C 1 2 - C 2 2   f a t t y   a c i d s ,   e s p e c i a l l y   n a t u r a l   f a t t y   a c i d s  

d e r i v e d   f rom  n u t   o i l s ,   s u c h   as  c o c o n u t   o i l   or   p a l m   k e r n e l  

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

m u t t o n   t a l l o w s ,   p a l m   o i l ,   l a r d ,   some  v e g e t a b l e   b u t t e r s   a n d  

c a s t o r   o i l ,   or   m i x t u r e s   t h e r e o f .   M i x t u r e s   a r e   p r e f e r r e d  

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

C 1 4 - C 2 0   ( m a i n l y   C18)  f a t t y   a c i d s   of   w h i c h   n o r m a l l y   a t  

l e a s t   a b o u t   40%  a r e   s a t u r a t e d   f a t t y   a c i d s ,   w i t h   s o a p s   f r o m  

n u t   o i l s ,   w h i c h   a r e   s o a p s   o f   p r e d o m i n a n t l y   C 1 0 - C 1 4   ( m a i n l y  

C12)  f a t t y   a c i d s ,   o f   w h i c h   n o r m a l l y   a t   l e a s t   a b o u t   75%  a r e  

s a t u r a t e d   f a t t y   a c i d s .   The  a m o u n t   of   s o a p   can   be  v a r i e d  

w i d e l y   f rom  a b o u t   0.5%  t o   a b o u t   20%  by  w e i g h t   of   t h e  

c o m p o s i t i o n ,   b u t   i s   n o r m a l l y   f rom  a b o u t   1%  to   a b o u t   5%  i f  

p r e s e n t   f o r   l a t h e r   c o n t r o l   p u r p o s e s .   H i g h e r   a m o u n t s   o f  

s o a p   can   be  u s e d   as  a  s u p p l e m e n t a r y   d e t e r g e n t   a c t i v e  

c o m p o u n d .  

THE  AMORPHOUS  ALUMINOSILICATE  BUILDER  MATERIAL 

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   n e c e s s a r i l y   c o n t a i n  

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

p r e s e n t   a t   a  l e v e l   of   f rom  10%  to   60%  by  w e i g h t ,  

e s p e c i a l l y   12.5%  to   50%  by  w e i g h t   of   t h e   c o m p o s i t i o n .  



A m o r p h o u s   a l u m i n o s i l i c a t e   b u i l d e r   m a t e r i a l s   a r e  

d e s c r i b e d   in  d e t a i l   in  GB  1  473  202  ( H E N K E L ) .  

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

t h e r e i n   h a v e   one  s i g n i f i c a n t   d e f e c t ,   n a m e l y   t h a t   t h e y  

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

c o n s t i t u e n t   of  m o s t   d e t e r g e n t   c o m p o s i t i o n s .   T h e  

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

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

i t s   e f f e c t   i s   to  l e s s e n   t h e   e f f e c t i v e n e s s   of   t h e  

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

down  t h e   r e m o v a l   of  h a r d n e s s   i o n s   and  may  a l s o   r e d u c e   t h e  

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

E f f o r t s   h a v e   b e e n   made  to   o v e r c o m e   t h i s   d e f i c i e n c y   i n  

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

p r o c e s s   of   d e t e r g e n t   c o m p o s i t i o n s   c o n t a i n i n g   t h e s e   t w o  

m a t e r i a l s .   For   e x a m p l e ,   B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No 

2  013  707  s u g g e s t s   an  a l t e r n a t i v e   r o u t e   f o r   m a n u f a c t u r i n g  

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

a d d e d   to  t h e   d e t e r g e n t   c o m p o s i t i o n   in  s u c h   a  way  as  t o  

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

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

In  t h e   c o n t e x t   of  t h e   p r e s e n t   i n v e n t i o n   we  p r e f e r   t o  

u s e   an  a m o r p h o u s   a l u m i n o s i l i c a t e   w h i c h   can   be  u s e d   in   t h e  

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

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

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

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

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

s i z e   w h i c h   i s   s u c h   t h a t   i t   can   be  u s e d   in   d e t e r g e n t  

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

a  s u f f i c i e n t l y   h i g h   s o l i d s   c o n t e n t   t h a t   e x c e s s i v e  

q u a n t i t i e s   of   w a t e r   do  n o t   have   to   be  r e m o v e d   f rom  t h e  

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



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

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

A  s t a b l e   s l u r r y   of   t h e   a l u m i n o s i l i c a t e   can   b e  

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

s i z e   r e d u c e d   a l u m i n o s i l i c a t e   by  g r i n d i n g   or   m i l l i n g   a  

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

The  p r e f e r r e d   a m o r p h o u s   h y d r a t e d   s o d i u m   a l u m i n o -  

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

c a l c u l a t e d   on  an  a n h y d r o u s   b a s i s :  

0 . 8 - 1 . 4   N a 2 O : A l 2 O 3 : 2 . 2 - 3 . 6   S i O 2 ,  

and  h a s ,   c a l c u l a t e d   on  a  d r y   b a s i s ,   a  c a l c i u m   i o n - e x c h a n g e  

c a p a c i t y   g r e a t e r   t h a n   100  mg  C a O / g ,   a  m a g n e s i u m   c a p a c i t y  

g r e a t e r   t h a n   50  mg  MgO/g ,   an  a v e r a g e   p a r t i c l e   s i z e   in  t h e  

r a n g e   2  to   20  µm,  and  t h e   a b i l i t y   to   fo rm  a  f i l t e r   c a k e  

h a v i n g   a  s o l i d s   c o n t e n t   in   t h e   r a n g e   3 5 - 5 0 % ,   in   a  f i l t e r  

p r e s s   w i t h   a  c l o s i n g   p r e s s u r e   of   5 . 6 2   k g / c m 2 ,   w h i c h   f i l t e r  

c a k e   can   be  c o n v e r t e d   i n t o   a  p u m p a b l e   s l u r r y   in   s a i d  

s o l i d s   r a n g e ,   and  has   a  s i l i c a t e   r e s i s t a n c e   ( a s  

h e r e i n a f t e r   d e f i n e d )   s u c h   t h a t   t h e   s e c o n d   o r d e r   r a t e  

c o n s t a n t   k   f o r   t h e   c a l c i u m   e x c h a n g e   p r o c e s s   i s   g r e a t e r  

t h a n   0 .2   °H-1  min -1  and  a  r e s i d u a l   w a t e r   h a r d n e s s   a f t e r   10  

m i n u t e s   of   l e s s   t h a n   1 . 5   °H  and  w h i c h   a f t e r   d r y i n g   a t   5 0 ° C  

to   80%  s o l i d s   h a s   a  r a t e   c o n s t a n t   kd  (as  h e r e i n a f t e r  

d e f i n e d )   g r e a t e r   t h a n   0 . 4 2   °H-1  m i n - 1   and  a  r e s i d u a l   w a t e r  

h a r d n e s s   a f t e r   10  m i n u t e s   of   l e s s   t h a n   1  ° H .  

R e f e r e n c e s   to   °H  in   t h i s   s p e c i f i c a t i o n   and  c l a i m s   a r e  

to   F r e n c h   d e g r e e s   h a r d n e s s   d e f i n e d   a s  

1°H  Ca  =  1 0 - 4   m o l a r   C a + + .  

P r e f e r a b l y   t h e   a m o r p h o u s   h y d r a t e d   s o d i u m  

a l u m i n o s i l i c a t e   has   a  c h e m i c a l   c o m p o s i t i o n   o f :  



0 . 8 - 1 . 4   N a 2 O : A l 2 O 3 : 2 . 4 - 3 . 2   S i 0 2  

and  may  o p t i o n a l l y   c o n t a i n   an  i n e r t   s o l u b l e   s a l t   s u c h   a s  

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

The  c a l c i u m   and  m a g n e s i u m   i o n - e x c h a n g e   c a p a c i t i e s   a r e  

d e t e r m i n e d   as  f o l l o w s .  

Sod ium  a l u m i n o s i l i c a t e   ( e q u i v a l e n t   to   1 . 0 0   g  

a n h y d r o u s   s o l i d s   d e t e r m i n e d   as  t h e   r e s i d u e   a f t e r   h e a t i n g  

to   c o n s t a n t   w e i g h t   a t   700°C)   i s   a d d e d   to   1  l i t r e   of   5 .0   x  
10-3   M  CaCl2   s o l u t i o n   and  s t i r r e d   f o r   15  m i n u t e s   a t   2 0 ° C .  

The  a l u m i n o s i l i c a t e   i s   t h e n   r e m o v e d   by  M i l l i p o r e   m e m b r a n e  

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

(Z  x  1 0  M )   of  t h e   f i l t r a t e   i s   d e t e r m i n e d   b y  

c o m p l e x o m e t r i c   t i t r a t i o n   or  a t o m i c   a b s o r p t i o n  

s p e c t r o p h o t o m e t r y .  

The  c a l c i u m   e x c h a n g e   c a p a c i t y   i s   c a l c u l a t e d   a s  

5 6 ( 5 . 0 - Z )   mg  CaO/g   a l u m i n o s i l i c a t e .  

M a g n e s i u m   i o n - e x c h a n g e   c a p a c i t y   i s   m e a s u r e d   in  a  

s i m i l a r   f a s h i o n   u s i n g   a  5  x  10-3   M  MgCl2  s t o c k   s o l u t i o n  

and  a  pH  in  t h e   r a n g e   9 . 5 - 1 0 . 5 .  

To  q u a n t i f y   t h e   w a t e r   s o f t e n i n g   p e r f o r m a n c e   of  t h e s e  

s o d i u m   a l u m i n o s i l i c a t e s   and  to   c o m p a r e   them  w i t h   k n o w n  

a m o r p h o u s   a l u m i n o s i l i c a t e s   and  t h e   known  z e o l i t e s ,   t h e  

f o l l o w i n g   t e s t   i s   u s e d .  

The  t e s t   i s   d e s i g n e d   to   s i m u l a t e   some  of   t h e  

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

u s e d   in  a  d e t e r g e n t   s y s t e m .  

The  r e s p o n s e   of  a  R a d i o m e t e r   c a l c i u m   i o n   s p e c i f i c  

e l e c t r o d e   i s   d e t e r m i n e d   by  t h e   a d d i t i o n   of  a l i q u o t s   ( 0 - 2 0  



mls)   of   c a l c i u m   c h l o r i d e   (3  x  1 0 - 2   M)  to   a  s o l u t i o n   of   5 

mls  M  NaCl  in   175  mls  of   w a t e r   a t   50°C .   The  r e s u l t i n g  

s o l u t i o n   i s   0 . 0 2 5   M  in  Na+  and  3  x  10-3   M  in  Ca++.   T o  

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

2 .5   g / l i t r e   ( a n h y d r o u s   b a s i s )   and  s t i r r i n g   i s   m a i n t a i n e d  

t h r o u g h o u t   t h e   w a t e r   s o f t e n i n g   m e a s u r e m e n t .   T h e  

e l e c t r o d e   r e s p o n s e   i s   m e a s u r e d   o v e r   t h e   n e x t   10  m i n u t e s  

a n d ,   u s i n g   t h e   c a l i b r a t i o n   d a t a ,   i s   c a l c u l a t e d   as  C a  

c o n c e n t r a t i o n   (°H)  v e r s u s   t i m e .   W a t e r   s o f t e n i n g   may  b e  

c o n v e n i e n t l y   s u m m a r i s e d   by  t h e   h a r d n e s s   r e m a i n i n g   a f t e r   1 

and  10  m i n u t e s .  

The  e l e c t r o d e   t e s t   i s   a p p l i e d   to   f i l t e r   c a k e ,   d r i e d  

p o w d e r s   and  to   t h e   s l u r r i e s   p r o d u c e d   by  t h e   s i l i c a t e  

r e s i s t a n c e   t e s t .  

To  t e s t   t h e   r e s i s t a n c e   of  t h e   v a r i o u s  

a l u m i n o s i l i c a t e s   to   s o d i u m   s i l i c a t e   a  s a m p l e   of   t h e  

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

s o d i u m   s u l p h a t e   and  w a t e r   to  form  a  h o m o g e n e o u s   s l u r r y  

h a v i n g   t h e   c o m p o s i t i o n :  

A  s a m p l e   of   t h i s   s l u r r y   i s   t e s t e d   f o r   w a t e r   s o f t e n i n g  

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

a l l o w a n c e   b e i n g   made  f o r   t h e   f a c t   t h a t   4 .0   g r a m s   of  s l u r r y  

c o n t a i n s   1 .0   g  of   a l u m i n o s i l i c a t e   ( a n h y d r o u s   b a s i s ) .   T h e  

s l u r r y   i s   h e a t e d   a t   80°C  f o r   1  h o u r   in   a  w a t e r   b a t h   a n d  

t h e   e l e c t r o d e   m e a s u r e m e n t   r e p e a t e d   on  t h e   f u r t h e r   s a m p l e .  

D i f f e r e n c e s   in   t h e   two  w a t e r   s o f t e n i n g   m e a s u r e m e n t s  



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

For   c o n v e n i e n c e   t h i s   can   be  s u m m a r i s e d   in   t e r m s   of  t h e  

c a l c i u m   h a r d n e s s   v a l u e s   a t t a i n e d   in  1  a n d   10  m i n u t e s .  

I f   t h e   a l u m i n o s i l i c a t e   s a m p l e   i s   of  v e r y   low  s o l i d s ,  

eg  l e s s   t h a n   30%,  or   i f   e x t r a   w a t e r   m u s t   be  a d d e d   to   t h e  

mix  to   e n a b l e   a  f l u i d   s l u r r y   to  be  p r o d u c e d ,   t h e   t e s t   m a y  
s t i l l   be  p e r f o r m e d   p r o v i d e d   a l l o w a n c e   i s   made  w h e n  

w e i g h i n g   s a m p l e s   f o r   t h e   i o n - e x c h a n g e   m e a s u r e m e n t .  

The  w a t e r   s o f t e n i n g   k i n e t i c s   i n v o l v e d   in  t h e  

d e t e r m i n a t i o n   of  t h e   r a t e   c o n s t a n t   k  i n v o l v e   t h e   u se   o f  

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

d e s c r i b e d   a b o v e .  

The  w a t e r   s o f t e n i n g   c u r v e ,   °H  Ca  v e r s u s   t i m e  

( m i n u t e s ) ,   i s   s u m m a r i s e d   by  a  s e c o n d   o r d e r   r a t e   e q u a t i o n  

of   t h e   f o r m :  

w h i c h   on  i n t e g r a t i o n   b e c o m e s :  

w h e r e   Cao  i s   t h e   i n i t i a l   h a r d n e s s ,   ( 3 0 ° H ) ;  

Caeq   i s   t h e   e q u i l i b r i u m   h a r d n e s s   a t   t  = ∞  ;  

k  i s   t h e   r a t e   c o n s t a n t   h a v i n g   d i m e n s i o n s   o f  
m i n u t e - 1   °H  Ca  1 ;  

k s  i s   t h e   r a t e   c o n s t a n t   f o r   e x c h a n g e   a f t e r   t h e  

s i l i c a t e   t r e a t m e n t ;  



kd  i s   t h e   r a t e   c o n s t a n t   f o r   t h e   f i l t e r   c a k e   o r  

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

s i l i c a t e ;  

t  i s   t h e   t i m e   in  m i n u t e s .  

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

t h e   c a s e   w h e r e   e x c h a n g e   i s   v i r t u a l l y   c o m p l e t e   in  10  

m i n u t e s   i s   to   s e l e c t   t h e   h a r d n e s s   r e m a i n i n g   a f t e r   1  m i n u t e  

and  10  m i n u t e s   and  s o l v e   t h e   e q u a t i o n .  

T h i s   c o n t a i n s   t h e   a p p r o x i m a t i o n   t h a t   C a o - C a e q   =  3 0  

( i e   Caeq  =  0 ) ,   b u t   in   p r a c t i c e   t h i s   d o e s   n o t   s i g n i f i c a n t l y  

a f f e c t   t h e   r e s u l t .  

The  e q u i l i b r i u m   h a r d n e s s   i s   d e t e r m i n e d   f r o m :  

In  s i t u a t i o n s   w h e r e   i t   i s   e v i d e n t   t h a t   s i g n i f i c a n t  

e x c h a n g e   i s   s t i l l   o c c u r r i n g   a f t e r   10  m i n u t e s ,   a l b e i t  

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

no  f u r t h e r   e x c h a n g e   i s   o c c u r r i n g   and  a  m e a s u r e d   v a l u e   o f  

Ca  e q u i l i b r i u m   can   be  o b t a i n e d .   The  k  v a l u e   can   t h e n   b e  

d e t e r m i n e d   f rom  t h e   a b o v e   e q u i l i b r i u m   h a r d n e s s   e q u a t i o n .  

The  m o s t   e f f e c t i v e   s o d i u m   a l u m i n o s i l i c a t e s   f o r   u s e  

a c c o r d i n g   to   t h i s   i n v e n t i o n   h a v e   a  r a t e   c o n s t a n t   k s 
g r e a t e r   t h a n   2  and  an  e q u i l i b r i u m   c a l c i u m   c o n c e n t r a t i o n  

( C a  )   l e s s   t h a n   1  °H  a f t e r   s i l i c a t e   t r e a t m e n t .  

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

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



c o n t e n t   c o n t a i n i n g   an  a l u m i n o s i l i c a t e   a t   a  p a r t i c l e   s i z e  

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

to  t h e   i n v e n t i o n   and  h a v i n g   t h e   b e n e f i t s   of  s i l i c a t e  

r e s i s t a n c e   p r e v i o u s l y   s p e l t   o u t ,   may  be  p r e p a r e d   by  a  

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

c o m p o s i t i o n   Na20  2-4  S i 0 2   and  a  c o n c e n t r a t i o n   in   t h e   r a n g e  
1-4  m o l e s / l i t r e   S iO2 ;   an  a q u e o u s   a l u m i n a t e   h a v i n g   a  

c o m p o s i t i o n   1-2  Na20  A l 2 O 3  a n d   a  c o n c e n t r a t i o n   in   t h e  

r a n g e   0 .5   to   2 .0   m o l e s / l i t r e   A 1 2 0 3 ,   a r e   i n t i m a t e l y   m i x e d  

t o g e t h e r   a t   a  t e m p e r a t u r e   of  up  to  45°C  in  a  m i x i n g   d e v i c e  

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

i m m e d i a t e l y   s u b j e c t e d   to  h i g h   s h e a r   in  a  d i s i n t e g r a t o r   t o  

p r o d u c e   a  p a r t i c l e   s i z e   of  a l u m i n o s i l i c a t e   l e s s   t h a n   20  µm 
and  s u b s e q u e n t l y   a g e d .  

The  i n t i m a t e   m i x i n g   of  t h e   a l u m i n a t e   and  s i l i c a t e  

s o l u t i o n s   can   c o n v e n i e n t l y   be  a c h i e v e d   u s i n g   a  m i x e r   s u c h  

as  t h a t   d e s c r i b e d   in   H a n d b o o k   of  C h e m i c a l   E n g i n e e r i n g   b y  

P e r r y   &  C h i l t o n ,   5 t h   E d i t i o n ,   C h a p t e r   21,  r e f   2 1 - 4 ,   u n d e r  

t h e   h e a d i n g   " J e t   M i x e r s " .  

The  o b j e c t i v e   of   s u c h   m i x e r s   i s   to   e n s u r e   a  r a p i d   a n d  

i n t i m a t e   m i x i n g   of  t h e   two  s o l u t i o n s .  

T h i s   i s   a c h i e v e d   by  a p p l y i n g   a  p o s i t i v e   p r e s s u r e ,   f o r  

e x a m p l e ,   by  p u m p i n g   e a c h   of  t h e   s o l u t i o n s   and  f o r c i n g   o n e  

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

t h e   o t h e r   s o l u t i o n .  

S u i t a b l e   d i s i n t e g r a t o r s   f o r   u s e   in   r e d u c i n g   t h e  

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

d e v i c e s   d e s i g n e d   to   i m p a r t   h i g h   s h e a r ,   s u c h   as  t h e   W a r i n g  

( T r a d e   Mark)   b l e n d e r   s u p p l i e d   by  W a r i n g   P r o d u c t s   D i v i s i o n ,  

D y n a m i c s   C o r p o r a t i o n   of   A m e r i c a ,   New  H a r t f o r d ,  

C o n n e c t i c u t ,   USA,  and  G r e a v e s   SM  ( T r a d e   Mark)   m i x e r ,   a s  

s u p p l i e d   by  J o s h u a   G r e a v e s   &  Sons   L i m i t e d ,   R a m s b o t t o m ,  



L a n c a s h i r e ,   E n g l a n d .   V a r i o u s   o t h e r   d e v i c e s   can   be  u s e d  

b u t   i t   i s   b e l i e v e d   t h a t   w h e r e   t h e   s h e a r   i s   p r o v i d e d   b y  

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

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

t h e   r o t o r   e x c e e d s   300  m / m i n .   P r e f e r a b l y   t h e   t i p   s p e e d   i s  

in   t h e   r a n g e   1 0 0 0 - 3 0 0 0   m / m i n .  

The  p r o c e s s i n g   s u b s e q u e n t   to   t h e   h i g h   s h e a r   t r e a t m e n t  

can   c o m p r i s e   an  a g e i n g   s t e p   f o r   t h e   f r e e - f l o w i n g   s l u r r y  

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

be  l o n g e r .   The  p r e c i p i t a t e   f o r m a t i o n   and  a g e i n g   can   t a k e  

p l a c e   in   t h e   p r e s e n c e   o f   an  i n e r t   s a l t   s u c h   as   s o d i u m  

s u l p h a t e .   The  a g e d   s l u r r y   can   a l s o   be  t r e a t e d   w i t h   a  

d i l u t e   m i n e r a l   a c i d   s u c h   as  s u l p h u r i c   a c i d   to   r e d u c e   i t s  

pH  t o   a b o u t   1 0 . 0   o r   1 1 . 0   p r i o r   to   w a s h i n g   and  f i l t e r i n g .  

THE  PErROXYGEN  BLEACH  COMPOUND 

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   n e c e s s a r i l y   c o n t a i n  

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

b e t w e e n   5%  a n d   50%  by  w e i g h t   of   t h e   c o m p o s i t i o n ,  

e s p e c i a l l y   b e t w e e n   8%  and  32%  by  w e i g h t .   S u i t a b l e  

p e r o x y g e n   b l e a c h e s   i n c l u d e   s o d i u m   p e r b o r a t e   ( f o r   e x a m p l e  

as  t h e   t e t r a h y d r a t e )   and   s o d i u m   p e r c a r b o n a t e .  

THE  ALKALINE  SALT 

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   may  i n c l u d e   a n  

a l k a l i n e   s a l t   s e l e c t e d   f rom  a l k a l i m e t a l   s i l i c a t e s ,  

c a r b o n a t e s   and  p h o s p h a t e s .  

The  a m o u n t   of   s o d i u m   s i l i c a t e   u s e d   can   v a r y   w i d e l y  

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

f rom  a  min imum  of  a b o u t   0.1%  to   a b o u t   50%  by  w e i g h t   o f   t h e  

r e s u l t a n t   d e t e r g e n t   c o m p o s i t i o n .   N o r m a l l y ,   h o w e v e r ,  

a m o u n t s   in   t h e   r a n g e   of   f rom  a b o u t   0.5%  to   a b o u t   20%,  

e s p e c i a l l y   a b o u t   1%  to  a b o u t   15%,  a r e   u s e d   f o r  



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

pH  b u f f e r   c o n t r o l   and  p o w d e r   s t r u c t u r i n g   p r o p e r t i e s .  

A m o u n t s   of  s o d i u m   s i l i c a t e   in  e x c e s s   of  t h i s   up  to  a b o u t  

40%  a r e   s o m e t i m e s   u s e d   f o r   s u p p l e m e n t a r y   d e t e r g e n c y  

b u i l d i n g   p r o p e r t i e s   in  f a b r i c   w a s h i n g   c o m p o s i t i o n s .   S t i l l  

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

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

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

a l k a l i n i t y   i s   u s u a l .  

Any  n o r m a l   t y p e   of   s o d i u m   s i l i c a t e   can  be  u s e d ,  

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

a b o u t   2 :1   to   a b o u t   1 : 4 ,   f o r   e x a m p l e   s o d i u m   a l k a l i n e  

s i l i c a t e   ( N a 2 0 . 2 S i 0 2 )   s o d i u m   n e u t r a l   s i l i c a t e  

( N a 2 0 . 3 . 3 S i 0 2 ) ,   s o d i u m   m e t a s i l i c a t e   ( N a 2 0 . S i 0 2 )   or   s o d i u m  

o r t h o s i l i c a t e   ( 2 N a 2 O . S i O 2 ) ,   or   m i x t u r e s   t h e r e o f ,   t h e   l e s s  

a l k a l i n e   s i l i c a t e s   ( N a 2 0 . 1 - 4 S i O 2 )   b e i n g   p r e f e r r e d .  

E x a m p l e s   of  o t h e r   s u i t a b l e   a l k a l i n e   m a t e r i a l s   i n c l u d e  

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

o r t h o p h o s p h a t e   and  s o d i u m   p y r o p h o s p h a t e .   T h e s e   a l k a l i n e  

m a t e r i a l s   w i l l   a l s o   add  to  t h e   b u i l d i n g   c a p a c i t y   of   t h e  

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

to  u n a c c e p t a b l y   h i g h   l e v e l s   of   i n o r g a n i c   d e p o s i t i o n   on  t h e  

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

5%  p y r o p h o s p h a t e   in  t h e   c o m p o s i t i o n s ,   m o s t   p r e f e r a b l y  

s u b s t a n t i a l l y   no  p y r o p h o s p h a t e s .  

OTHER  INGREDIENTS 

The  d e t e r g e n t   c o m p o s i t i o n s   made  a c c o r d i n g   to   t h e  

i n v e n t i o n   can   c o n t a i n   any  of  t h e   c o n v e n t i o n a l   a d d i t i v e s   i n  

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

in  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 .   E x a m p l e s   o f  

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

a l k a n o l a m i d e s ,   p a r t i c u l a r l y   t h e   m o n o e t h a n o l a m i d e s   d e r i v e d  



f rom  pa lm  k e r n e l   f a t t y   a c i d s   and  c o c o n u t   f a t t y   a c i d s ,  

p o w d e r   f l o w   a i d s   s u c h   as  f i n e l y   d i v i d e d   s i l i c a s   and  o t h e r  

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

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

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

s u c h   as  t r i c h l o r o i s o c y a n u r i c   a c i d   and  a l k a l i   m e t a l   s a l t s  

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

as  c l a y s   of   t h e   s m e c t i t e   and  i l l i t e   t y p e s ,   a n t i - a s h i n g  

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

s u c h   as  s o d i u m   s u l p h a t e ,   and  u s u a l l y   p r e s e n t   in   v e r y   m i n o r  

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

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

a d d i t i o n ,   e s p e c i a l l y   i n   t h e   c a s e   of   n o n i o n i c - b a s e d  

d e t e r g e n t   c o m p o s i t i o n s ,   i t   may  be  d e s i r a b l e   to  add  s l u r r y  

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

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

f o r m .  

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

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

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

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

a c e t a t e   and  c r y s t a l l i n e   a l u m i n o s i l i c a t e s   ( z e o l i t e s ) .  

PROCESSING  THE  COMPOSITIONS 

The  i n v e n t i o n   n e c e s s a r i l y   r e q u i r e s   t h a t   t h e   b a s e  

p o w d e r   g r a n u l e s   be  made  by  s p r a y - d r y i n g .  

The  s l u r r y   m a k i n g   and  s p r a y   d r y i n g   s t e p s   in   t h e  

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

c o n v e n t i o n a l   e q u i p m e n t   f o r   t h i s   p u r p o s e ,   f o r   e x a m p l e   i n  

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

N o r m a l   t e m p e r a t u r e s   may  be  u s e d   f o r   t h e s e   o p e r a t i o n s ,   f o r  

e x a m p l e   f rom  a b o u t   30°C  to   a b o u t   1 0 0 ° C ,   p r e f e r a b l y   a b o u t  

70°C  to   90°C  f o r   t h e   s l u r r y   m a k i n g   and  a b o u t   200°C  t o  



450°C  f o r   t h e   d r y i n g   gas   i n l e t   in   t h e   s p r a y   d r y i n g  

p r o c e s s ,   w i t h   h i g h e r   t e m p e r a t u r e s   w i t h i n   t h i s   r a n g e   b e i n g  

g e n e r a l l y   p r e f e r r e d   f o r   e c o n o m i c   r e a s o n s .  

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

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

p e r o x y b l e a c h ,   t o g e t h e r   w i t h   any  o t h e r   h e a t   s e n s i t i v e  

i n g r e d i e n t s   may  be  s u b s e q u e n t l y   m i x e d   w i t h   t h e   b a s e   p o w d e r  

g r a n u l e s .   The  a l k a l i n e   s a l t ,   i f   p r e s e n t ,   may  be  i n c l u d e d  

in  t h e   g r a n u l e s ,   m i x e d   t h e r e w i t h   s u b s e q u e n t l y   or   b o t h .  

Where   s o d i u m   s i l i c a t e   i s   t h e   a l k a l i n e   s a l t ,   i t   may  b e  

a d v a n t a g e o u s   to   add  i t   s u b s e q u e n t l y   to   f u r t h e r   r e d u c e   t h e  

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

s l u r r y .   I t   i s   p r e f e r r e d   t h a t   any  s u b s e q u e n t l y   a d d e d  

m a t e r i a l s   be  in   t h e i r   f u l l y   h y d r a t e d   f o r m s .  

The  i n v e n t i o n   i s   f u r t h e r   i l l u s t r a t e d   by  t h e   f o l l o w i n g  

E x a m p l e s .  

PREPARATION  OF  AMORPHOUS  ALUMINOSILICATE  MATERIAL  (NAS) 

U s i n g   t h e   m i x e r   d e s c r i b e d   b e l o w   t h e   f o l l o w i n g   m e t h o d  

of  p r e p a r a t i o n   was  f o l l o w e d .   B a t c h e s   of   a l u m i n a t e   a n d  

s i l i c a t e   we re   p r e p a r e d   by  a d j u s t i n g   c o m m e r c i a l   l i q u o r s   t o  

s u i t a b l e   c o n c e n t r a t i o n   and  t e m p e r a t u r e .   T h e s e   w e r e   e a c h  

pumped  a t   7  l i t r e s / m i n   to   t h e   m i x i n g   d e v i c e   ( j e t )   and  t h e  

r e s u l t a n t   s t r e a m   p a s s e d   t h r o u g h   a  v e s s e l   of   30  l i t r e  

c a p a c i t y   w h e r e   i t   was  s u b j e c t e d   to   i n t e n s e   a g i t a t i o n .  

The  v o l u m e   of   p r o d u c t   in   t h e   s t i r r e d   r e a c t o r   w a s  

m a i n t a i n e d   a r o u n d   17  l i t r e s   by  a d j u s t i n g   o v e r f l o w   r a t e .  

The  r e a c t i o n   p r o d u c t   was  c o l l e c t e d   and  a l l o w e d   to   a g e ,  
w i t h   m i l d   a g i t a t i o n ,   f o r   2  h o u r s   b e f o r e   t h e   a l u m i n o -  

s i l i c a t e   was  r e c o v e r e d   on  a  f i l t e r   and  w a s h e d   f r e e   of  t h e  

a l k a l i n e   r e a c t i o n   l i q u o r .  



The  f i l t e r   c ake   was  p r o c e s s e d   so  as  to   p r o d u c e   a  

s t a b l e ,   p u m p a b l e   a q u e o u s   s u s p e n s i o n   by  i n c o r p o r a t i n g   a  

s u i t a b l e   d i s p e r s i n g   a g e n t   and  r e d u c i n g   t h e   p a r t i c l e   s i z e  

of  t h e   a l u m i n o s i l i c a t e   to  b e t w e e n   4 .0   and  6 .0   m i c r o n s   b y  

m i l l i n g   or  g r i n d i n g   t h e   a l u m i n o s i l i c a t e   in   an  a q u e o u s  
medium  c o n t a i n i n g   t h e   s a i d   d i s p e r s i n g   a g e n t ,   a l l   i n  

a c c o r d a n c e   w i t h   t h e   t e a c h i n g   of   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No  1  051  336  (MOBIL  OIL  CORPORATION) .  

No te   t h a t - a l t e r n a t i v e l y   t h e   f i l t e r   c a k e ,   or   t h e  

s u s p e n s i o n   as  p r e p a r e d   a b o v e ,   can   be  c o n v e r t e d   i n t o   d r y  

p o w d e r   fo rm  by  a  v a r i e t y   of   d r y i n g   t e c h n i q u e s .   In  o r d e r  

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

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

t h e   a l u m i n o s i l i c a t e   i s   n o t   l e s s   t h a n   a b o u t   20%  by  w e i g h t .  

F i l t e r   c a k e s   can  be  c o n v e n i e n t l y   d r i e d   in  an  o v e n   a t   a  

t e m p e r a t u r e   of   50°C  f o r   t h e   p u r p o s e   of   t e s t i n g   t h e  

p r e s e r v a t i o n   of   t h e   ion   e x c h a n g e   p r o p e r t i e s   and  t h e  

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

For   t h e   f o l l o w i n g   E x a m p l e s ,   t h e   m i x e r   u s e d   was  a  

G r e a v e s   SM  m i x e r ,   h a v i n g   a  h i g h   s p e e d   i m p e l l e r   r o t a t i n g   a t  

a b o u t   3000  rpm  w i t h   a  t i p   s p e e d   of   1975  m / m i n .  

I n t e n s e   s t i r r i n g   i s   r e q u i r e d   to   (a)  p r e v e n t   g e l a t i o n  

w h i c h   w o u l d   l e a d   to   low  s o l i d s   c o n t e n t   f i l t e r   c a k e s   a n d  

(b)  c o n t r o l   t h e   p a r t i c l e   s i z e   of  t h e   a l u m i n o s i l i c a t e .  

For   s m a l l   s c a l e   l a b o r a t o r y   p r e p a r a t i o n s ,   a  W a r i n g   b l e n d e r  

(Model   CB  6  "1  g a l l o n   c a p a c i t y " )   h a v i n g   a  h i g h   s p e e d  

i m p e l l e r ,   a b o u t   13000  rpm,  p r o d u c i n g   a  t i p   s p e e d   of   a b o u t  

2800  m/min   may  be  u s e d .  



Ion  e x c h a n g e   p e r f o r m a n c e  -   Ca  e l e c t r o d e   m e t h o d   ( ° H C a )  

EXAMPLES  1  TO  4 

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

as  a b o v e ,   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   w e r e   p r e p a r e d  

by  s p r a y - d r y i n g   a  b a s e   p o w d e r   and  a d d i n g   t h e r e t o   a  n u m b e r  

of  p o s t - d o s e d   i n g r e d i e n t s .   The  b a s e   p o w d e r s   had  t h e  

f o l l o w i n g   f o r m u l a t i o n s ,   in  p a r t s   by  w e i g h t   e x p r e s s e d   a s  

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





From  t h e   a b o v e   m o i s t u r e   c o n t e n t s   of  t h e   b a s e   p o w d e r ,  

m e a s u r e d   by  w e i g h t   l o s s   a t   1 3 5 ° C ,   t he   v a l u e s   of  "y"  w e r e  

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

w h e r e   A  i s   t h e   t o t a l   a m o u n t   of  a n i o n i c   and  n o n i o n i c  

d e t e r g e n t   a c t i v e   m a t e r i a l s   in  p a r t s   by  w e i g h t ,   i n c l u d i n g  

s o a p   w h e r e   p r e s e n t ,  S   i s   t h e   a m o u n t   of  a l k a l i n e   s a l t  

( s o d i u m   s i l i c a t e )   in   p a r t s   by  w e i g h t   and  X  i s   t h e   a m o u n t  

of  a m o r p h o u s   a l u m i n o s i l i c a t e   in   p a r t s   by  w e i g h t .   T h e  

c a l c u l a t e d   v a l u e s   f o r   "y"  w e r e :  







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

s t o r a g e   was  d e t e r m i n e d   by  w a s h i n g   t h e   p o w d e r s   w i t h  

d e - i o n i s e d   w a t e r   on  a  f i l t e r   c a k e   to   e x t r a c t   t h e   i n s o l u b l e  

a l u m i n o s i l i c a t e   m a t e r i a l   and  d r y i n g .   0 . 5 g   o f   t h e   d r i e d  

m a t e r i a l   was  t h e n   a d d e d   to  200  ml  of  w a t e r   h a v i n g   a  

h a r d n e s s   of   30°FH  ( e q u i v a l e n t   to   a  c a l c i u m   i o n  

c o n c e n t r a t i o n   of   3  x  10-3   m o l a r ) .   The  f r e e   c a l c i u m   i o n  

c o n c e n t r a t i o n   was  m e a s u r e d   a f t e r   1  m i n u t e .   The  p o w d e r s  

w e r e   s t o r e d   f o r   6  w e e k s   a t   37°C  and  70%  r e l a t i v e   h u m i d i t y  

( E x a m p l e s   4,  4A  and  4B)  or   f o r   12  w e e k s   a t   28°C  and  70% 

r e l a t i v e   h u m i d i t y   ( E x a m p l e s   1,  2,  2A,  3  and  3A) .   In  t h e  

same  m a n n e r ,   t h e   i o n   e x c h a n g e   p r o p e r t i e s   of   t h e   b a s e  

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

r e s u l t s   w e r e   as  f o l l o w s :  

A  w a t e r   h a r d n e s s   of   3°FH  or   l e s s   i s   c o n s i d e r e d   to  b e  

a  r e a s o n a b l e   t a r g e t .   I t   f o l l o w s   t h e r e f o r e   t h a t   a l l   t h e  

p o w d e r s   t e s t e d   w e r e   s a t i s f a c t o r y   e x c e p t   E x a m p l e   2A.  

No te   t h a t   f o r   E x a m p l e   2A,  y  =  0 . 1 8   ie   w e l l   b e l o w   t h e  

l i m i t   of   0 . 2 5   s e t   by  t h e   p r e s e n t   i n v e n t i o n .  



The  p o w d e r s   of  E x a m p l e s   1  to   4  we re   s t o r e d   u n d e r  

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

w h i c h   had  d e c o m p o s e d   was  m e a s u r e d .   S i m i l a r   p o w d e r s   w e r e  

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

r e p l a c e d   by  Z e o l i t e - 4 A ,   of  s i m i l a r   p a r t i c l e   s i z e ,   t o  

p r o v i d e   c o n t r o l   E x a m p l e s .   W i t h   t h e   z e o l i t e   c o n t a i n i n g  

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

a b o u t   4.5%  and  8%  of  t h e   b a s e   p o w d e r s .   M o i s t u r e   c o n t e n t s  

i d e n t i c a l   to   E x a m p l e s   1  to   4  l e a d   to   p o o r   p o w d e r  

p r o p e r t i e s   and  e v e n   more   p e r b o r a t e   d e c o m p o s i t i o n   o n  

s t o r a g e .   The  r e s u l t s   w e r e   as  f o l l o w s :  

T h e s e   E x a m p l e s   d e m o n s t r a t e   t h e   b e n e f i t   of   u s i n g  

a m o r p h o u s   a l u m i n o s i l i c a t e   r a t h e r   t h a n   z e o l i t e .  

EXAMPLES  5  AND  6 

Two  s p r a y   d r i e d   b a s e   p o w d e r s   w e r e   p r e p a r e d   h a v i n g   t h e  

f o l l o w i n g   f o r m u l a t i o n s :  



The  f o l l o w i n g   i n g r e d i e n t s   we re   t h e n   p o s t - d o s e d   t o  

t h i s   s p r a y - d r i e d   b a s e   p o w d e r   as  f o l l o w s :  



A f t e r   s t o r a g e   a t   37°C  and  70%  r e l a t i v e   h u m i d i t y   f o r   4 

w e e k s ,   39%  and  28%  of   t h e   s o d i u m   p e r b o r a t e   in  E x a m p l e   5 

and  6  r e s p e c t i v e l y   had  d e c o m p o s e d .   By  way  of  c o m p a r i s o n  

w h e r e   t h e   a m o r p h o u s   a l u m i n o s i l i c a t e   was  r e p l a c e d   i n  

E x a m p l e   5  w i t h   z e o l i t e   4A  of  s i m i l a r   p a r t i c l e   s i z e ,   m o r e  

t h a n   80%  of   t h e   s o d i u m   p e r b o r a t e   d e c o m p o s e d   u n d e r   t h e   s a m e  

c o n d i t i o n s .  

EXAMPLE  7 

A  b a s e   p o w d e r   was  s p r a y   d r i e d   h a v i n g   a  c o m p o s i t i o n  

i d e n t i c a l   to  E x a m p l e   4,  b u t   in  w h i c h   no  s o d i u m   s i l i c a t e  

was  i n c l u d e d .   The  w a t e r   l e v e l   was  9 .7   p a r t s   and  t h e  

t o t a l   b a s e   p o w d e r   w e i g h t   was  5 3 . 4   p a r t s .   The  m o i s t u r e  

c o n t e n t   was  7 .1   p a r t s   ( 1 3 . 3 % ) ,   g i v i n g   a  v a l u e   of  y  e q u a l  

to   0 . 4 2 .  

The  b a s e   p o w d e r   was  g r a n u l a t e d   w i t h   5  p a r t s   of   s o d i u m  

s i l i c a t e   ( S i o 2 / N a 2 0   =  2 . 0 ) ,   18  p a r t s   of   s o d i u m   t r i p o l y -  

p h o s p h a t e   ( m e a s u r e d   as  a n h y d r o u s ) ,   4  p a r t s   of  w a t e r   a n d  

1 9 . 6   p a r t s   of  s o d i u m   p e r b o r a t e   ( m e a s u r e d   a s  

N a B o 2 . H 2 0 2 . 3 H 2 0 ) ,   g i v i n g   a  t o t a l   p o w d e r   w e i g h t   of  1 0 0  

p a r t s .  

A f t e r   s t o r a g e   a t   37°C  and  70%  r e l a t i v e   h u m i d i t y   f o r   6 

w e e k s ,   23%  of  t h e   s o d i u m   p e r b o r a t e   had  d e c o m p o s e d .  

By  way  of  c o m p a r i s o n ,   w h e r e   t h e   a m o r p h o u s   a l u m i n o -  

s i l i c a t e   was  r e p l a c e d   w i t h   z e o l i t e   4A,  82%  of  t h e   s o d i u m  

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

T h i s   p o w d e r   was  t h e n   a s s e s s e d   f o r   i t s   i o n - e x c h a n g e  

p r o p e r t i e s   in  t h e   same  m a n n e r   as  d e s c r i b e d   in  c o n n e c t i o n  

w i t h   E x a m p l e s   1  to  4,  e x c e p t   t h a t   t h e   t i m e   was  m e a s u r e d  

f o r   t h e   w a t e r   h a r d n e s s   t h e   f a l l   to   3 . 3 ° F H .   I m m e d i a t e l y  

a f t e r   p r e p a r a t i o n   t h i s   t i m e   was  0 .4   m i n u t e s .   A f t e r  



s t o r a g e   of   t h e   p o w d e r   f o r   6  w e e k s   a t   28°C  and  70%  r e l a t i v e  

h u m i d i t y   t h i s   t i m e   was  0 . 7   m i n u t e s .   T h e s e   r e s u l t s  

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

EXAMPLES  8  TO  10  

A  number   of  d e t e r g e n t   c o m p o s i t i o n s   was  p r e p a r e d   b y  

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

i n g r e d i e n t s :  

M i s c e l l a n e o u s   m i n o r   i n g r e d i e n t s   1 . 4  

T h i s   s l u r r y   was  s p r a y - d r i e d   to   g i v e   d e t e r g e n t   b a s e  

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

The  v a l u e s   of   y  can   be  c a l c u l a t e d   f rom  t h e s e   m o i s t u r e  

c o n t e n t s ,   u s i n g   A = 1 3 . 0 ,   X = 2 1 . 0   and  S = 5 . 0   as  f o l l o w s :  



I t   w i l l   be  s e e n   t h a t   E x a m p l e s   8,  9  and  10  have   y  

v a l u e s   w i t h i n   t h e   p r e s e n t   i n v e n t i o n ,   w h i l e   E x a m p l e s   A  a n d  

B  a r e   i n c l u d e d   f o r   c o m p a r i s o n   p u r p o s e s .  

To  t h e s e   s p r a y - d r i e d   b a s e   p o w d e r s   w e r e   a d d e d   22  p a r t s  

by  w e i g h t   of   p a r t i a l l y   h y d r a t e d   s o d i u m   t r i p o l y p h o s p h a t e  

(18  p a r t s   c a l c u l a t e d   on  an  a n h y d r o u s   b a s i s )   and  25  p a r t s  

by  w e i g h t   of  s o d i u m   p e r b o r a t e ,   t e t r a h y d r a t e .  

The  i n i t i a l   i o n - e x c h a n g e   r a t e   of   t h e s e   c o m p o s i t i o n s  

was  m e a s u r e d   in  t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   7 .  

The  t i m e   t a k e n   f o r   t h e   w a t e r   h a r d n e s s   to   f a l l   t o   3 . 3 °   FH 

was  as  f o l l o w s :  

The  p o w d e r s   of   E x a m p l e s   B  a n d   10  w e r e   s t o r e d   f o r   12 

w e e k s   a t   28°C  and  70%  r e l a t i v e   h u m i d i t y .   A f t e r   t h i s  

s t o r a g e   t h e   i o n - e x c h a n g e   r a t e   was  a g a i n   m e a s u r e d .   In  t h e  

c a s e   of  E x a m p l e   B  t h e   t i m e   t a k e n   to   r e a c h   3 . 3 °   FH  w a s  

g r e a t e r   t h a n   10  m i n u t e s   and  in  t h e   c a s e   of   E x a m p l e   10,  0 . 9  

m i n u t e s .  

T h e s e   r e s u l t s   d e m o n s t r a t e   t h e   b e n e f i t   to   t h e   i o n -  

e x c h a n g e   p r o p e r t i e s   of  s p r a y - d r y i n g   t h e   b a s e   p o w d e r   to  a  

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

i n v e n t i o n .  

The  p o w d e r s   of   E x a m p l e s   B  a n d   10  w e r e   s t o r e d   f o r   12  w e e k s  

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

was  d e t e r m i n e d   by  m e a s u r i n g   t h e   p e r c e n t a g e   of   p e r b o r a t e  

w h i c h   had  d e c o m p o s e d   a f t e r   t h a t   t i m e .   The  r e s u l t s   w e r e :  



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

t h e   i n v e n t i o n ,   E x a m p l e   10,  shows  i m p r o v e d   b l e a c h   s t a b i l i t y  

o v e r   t h e   c o m p a r i s o n   c o m p o s i t i o n ,   E x a m p l e   B .  

The  c o m p o s i t i o n   of   E x a m p l e   B  a p p r o x i m a t e s   to   t h a t  

d i s c l o s e d   in  E x a m p l e   1  of   B r i t i s h   P a t e n t   S p e c i f i c a t i o n  

GB  2  013  7 0 7 .  

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

w e r e   a p p r o x i m a t e l y :  



1.  A  d e t e r g e n t   c o m p o s i t i o n   c o m p r i s i n g   s p r a y - d r i e d   b a s e  

p o w d e r   g r a n u l e s ,   t o g e t h e r   w i t h   one  or  more   p o s t - d o s e d  

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

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

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

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

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

o p t i o n a l l y   an  a l k a l i n e   s a l t   s e l e c t e d   f rom  a l k a l i   m e t a l  

s i l i c a t e s ,   a l k a l i   m e t a l   c a r b o n a t e s ,   a l k a l i   m e t a l  

p h o s p h a t e s   and  m i x t u r e s   t h e r e o f ,   c h a r a c t e r i s e d   in  t h a t   t h e  

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

f o r m u l a  

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

by  w e i g h t ,   as  m e a s u r e d   by  t h e   w a t e r   l o s s   f rom  s a i d  

g r a n u l e s   a t   1 3 5 ° C ,   A  i s   t h e   a m o u n t   of   t h e   d e t e r g e n t   a c t i v e  

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

by  w e i g h t ,   S  i s   t h e   a m o u n t   of  t h e   a l k a l i n e   s a l t   in  s a i d  

g r a n u l e s   in   p a r t s   by  w e i g h t ,   X  i s   t h e   a m o u n t   of  t h e  

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

a l u m i n o s i l i c a t e   b u i l d e r   m a t e r i a l ,   i f   a n y ,   in   s a i d   g r a n u l e s  

in  p a r t s   by  w e i g h t   and  y  i s   a  n u m b e r   f rom  0 . 2 5   to   0 . 7 .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i s e d   i n  

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

c o r r e s p o n d s   to   a  v a l u e   o f   y  b e t w e e n   0 .5   and  0 . 6 .  

3.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i s e d   i n  

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

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

of   y  b e t w e e n   0 . 2 5   and  0 . 5 .  



4.  A  c o m p o s i t i o n   a c c o r d i n g ' t o   C l a i m   1,  c h a r a c t e r i s e d   i n  

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

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

of   t h e   b a s e   p o w d e r   g r a n u l e s   c o r r e s p o n d s   to   a  v a l u e   of  y  
b e t w e e n   0 . 2 5   and  0 . 5 .  

5.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   i t   c o m p r i s e s ,   b a s e d   on  t h e   o v e r a l l   f o r m u l a t i o n :  

f rom  5%  to   40%  by  w e i g h t   s y n t h e t i c   d e t e r g e n t   a c t i v e  

m a t e r i a l ;  

f rom  1%  to   5%  by  w e i g h t   s o a p ;  

f rom  12.5%  to  50%  by  w e i g h t   a m o r p h o u s   a l u m i n o -  

s i l i c a t e ;  

f rom  1%  to  15%  by  w e i g h t   s o d i u m   s i l i c a t e ;  

f rom  8%  to   32%  by  w e i g h t   s o d i u m   p e r b o r a t e ;   a n d  

'  w a t e r .  

6.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   5,  w h e r e i n   a t   l e a s t  

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

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

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

p o s t - d o s e d   i n g r e d i e n t   and  t h e   m o i s t u r e   c o n t e n t   of   t h e  

b a s e   g r a n u l e s   i s   f rom  10.7%  to  21%  by  w e i g h t ,   b a s e d   o n  

t h e   w e i g h t   of   t h e   b a s e   g r a n u l e s .  



7.  A  c o m p o s i t i o n   a c c o r d i n g   to   a n y  o n e   of   C l a i m s   1  to  6 ,  

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

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

c h e m i c a l   c o m p o s i t i o n   c a l c u l a t e d   on  an  a n h y d r o u s   b a s i s :  

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

c a p a c i t y   g r e a t e r   t h a t   100  mg  C a O / g ,   a  m a g n e s i u m   c a p a c i t y  

g r e a t e r   t h a n   50  mg  MgO/g ,   an  a v e r a g e   p a r t i c l e   s i z e   in  t h e  

r a n g e   2  to   20  µm,  and  t h e   a b i l i t y   to  form  a  f i l t e r   c a k e  

h a v i n g   a  s o l i d s   c o n t e n t   in   t h e   r a n g e   3 5 - 5 0 % ,   in  a  f i l t e r  

p r e s s   w i t h   a  c l o s i n g   p r e s s u r e   of  5 . 6 2   k g / c m 2 ,   w h i c h   f i l t e r  

c a k e   can   be  c o n v e r t e d   i n t o   a  p u m p a b l e   s l u r r y   in  s a i d  

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

h e r e i n b e f o r e   d e f i n e d )   s u c h   t h a t   t h e   s e c o n d   o r d e r   r a t e  

c o n s t a n t   k   f o r   t h e   c a l c i u m   e x c h a n g e   p r o c e s s   i s   g r e a t e r  

t h a n   0 . 2 ° H @ 1  m i n - 1   and  a  r e s i d u a l   w a t e r   h a r d n e s s   a f t e r   10 

m i n u t e s   of  l e s s   t h a n   1 . 5 ° H   and  w h i c h   a f t e r   d r y i n g   a t   5 0 ° C  

to  80%  s o l i d s   has   a  r a t e   c o n s t a n t   k  (as  h e r e i n b e f o r e  

d e f i n e d )   g r e a t e r   t h a n   0 . 4 2 ° H - 1   m i n - 1   and  a  r e s i d u a l   w a t e r  

h a r d n e s s   a f t e r   10  m i n u t e s   of   l e s s   t h a n   1 ° H .  



8.  A  m e t h o d   of   p r e p a r i n g   a  d e t e r g e n t   c o m p o s i t i o n   w h i c h  

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

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

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

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

o p t i o n a l l y   an  a l k a l i n e   s a l t   s e l e c t e d   f rom  a l k a l i m e t a l  

s i l i c a t e s ,   a l k a l i m e t a l   c a r b o n a t e s ,   a l k a l i m e t a l   p h o s p h a t e s  

and  m i x t u r e s   t h e r e o f   to   fo rm  s p r a y - d r i e d   b a s e   p o w d e r  

g r a n u l e s ,   and  p o s t - d o s i n g   to   s a i d   g r a n u l e s   one  or  m o r e  

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

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

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

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

by  w e i g h t ,   as  m e a s u r e d   by  t h e   w a t e r   l o s s   f rom  s a i d  

g r a n u l e s   a t   1 3 5 ° C ,   A  i s   t h e   a m o u n t   of  t h e   d e t e r g e n t   a c t i v e  

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

by  w e i g h t ,   S  i s   t h e   a m o u n t   of  t h e   a l k a l i n e   s a l t   in   s a i d  

g r a n u l e s   in   p a r t s   by  w e i g h t ,   X  i s   t h e   a m o u n t   of   t h e  

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

a l u m i n o s i l i c a t e   b u i l d e r   m a t e r i a l ,   i f   a n y ,   in   s a i d   g r a n u l e s  

in   p a r t s   by  w e i g h t   and  y  i s   a  n u m b e r   f rom  0 . 2 5   to   0 . 7 .  
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