
©  European  Patent  Office  (n)  Publication  number:  0  0 0 1   3 1 0  �   

Office  europeen  des  brevets  A 1  

EUROPEAN  PATENT  A P P L I C A T I O N  

(21)  Application  number:  78200190.3  (g)  Int.  CI.2:  C  11  O  3 / 0 0  
C  11  D  3 / 3 6  

(22)  Date  of  filing:  13.09.78  / / C 1 1 D 3 / 3 9 5  

(So)  Priority:  26.09.77  G8  39947/77 

@  Date  of  publication  of  application: 
04.04.79  Bulletin  79/7 

(84)  Designated  contracting  states: 
BE  DE  FR  GB  NL 

( 

c 

(5)  Low  phosphate  detergent  composition  for  fabric  washing. 

®  A  detergent  composition  having  a  phosphorous  content 
of  no  more  than  6  %  and  a  solution  pH  of  less  than  1  0  contains 
an  organic  detergent,  a  carboxyiate  builder  having  a  pK,  of 
less  than  9  and  a  small  amount  of  a  polyphosphonic  acid. 
Typical  compositions  utilise  a  citrate  or  succinate  builder 
together  with  ethylene  diaminetetramethylene  phosphonate. 
The  compositions  are  particularly  effective  in  the  area  of 
bleachable  stain  removal. 

g)  Applicant:  THE  PROCTER  &  GAMBLE  COMPANY 
301  East  Sixth  Street 
Cincinnati  Ohio  45217(US) 

5J)  Inventor:  Holt,  David  Eric 
6,  Melrose  Avenue,  Seaton  Delavai 
Whitley  Bay  Tyne  and  Wear(GB) 

53)  Representative:  Gibson,  Tony  Nicholas  et  al, 
Procter  &  Gamble  European  Technical  Center  Temseiaan 
100 
B-1820  Strombeek-Bever(BE) 

<  

©  

O  
O  

a .  

Croydon  Printing  Company  Ltd. 

A   detergent  composition  having  a  phosphorous  content 
of  no  more  than  6 %  and  a  solution  pH  of  less  than  10  contains 
an  organic  detergent,  a  carboxylate  builder  having  a  pK,  of 
less  than  9  and  a  small  amount  of  a  polyphosphonic  acid. 
Typical  compositions  utilise  a  citrate  or  succinate  builder 
together  with  ethylene  diaminetetramethylene  phosphonate. 
The  compositions  are  particularly  effective  in  the  area  of 
bleachable  stain  removal. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  d e t e r g e n t   c o m p o s i t i o n s  
a n d  i n   p a r t i c u l a r   to  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 s   adap t ed   f o r  
f a b r i c   w a s h i n g .  

Compos i t i ons   c o m p r i s i n g   a  d e t e r g e n t   and  a  b u i l d e r   compound 
are  g e n e r a l l y   r e f e r r e d   to  in  the  a r t   as  " 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 s .   When  a  l a rge   p o r t i o n   of  the  d e t e r g e n c y   b u i l d e r  
is  used  in  r e l a t i o n   to  the  d e t e r g e n t ,   the  c o m p o s i t i o n s   a r e  
c h a r a c t e r i z e d   as  "heavy  duty"  c o m p o s i t i o n s   i n t e n d e d   p r i m a r i l y  
for  l a u n d e r i n g   h e a v i l y   s o i l e d   f a b r i c s .   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   lower  p r o p o r t i o n s   of  b u i l d e r   are  " l i g h t - d u t y "   compo- 
s i t i o n s   i n t e n d e d   for  l i g h t l y   s o i l e d   f a b r i c s ,   " f i n e "   f a b r i c s  
and  w o o l l e n s .  

The  use  of  d e t e r g e n c y   b u i l d e r s   as  a d j u n c t s   with  o r g a n i c  
w a t e r - s o l u b l e   s y n t h e t i c   d e t e r g e n t s   and  the  p r o p e r t y   which  s a i d  
m a t e r i a l s   have  for  improving  the  o v e r - a l l   d e t e r g e n c y   p e r f o r m a t e  
of  such  d e t e r g e n t s   are  we l l -known.   A  v a r i e t y   of  such  m a t e r i a l s ,  
e s p e c i a l l y   the  sodium  p o l y p h o s p h a t e s ,   are  wel l -known  f o r  
t h i s   d e t e r g e n c y   b u i l d e r   use.  However,  some  concern   has  b e e n  
e x p r e s s e d   t h a t   c e r t a i n   a lgae   in  bodies   of  water   r e s o r t   t o  
p h o s p h o r u s - c o n t a i n i n g   m a t e r i a l s   for  n u t r i t i o n a l   v a l u e .  
P h o s p h o r u s - f r e e   b u i l d e r   compounds  would  be  f ree   of  such  c r i t i e  
cism.  T h e r e f o r e ,   a  need  has  been  c r e a t e d   for  d e t e r g e n c y   b u i l d e .  
which  are  b i o d e g r a d a b l e   but  which  are  comparab le   to  sod ium 
t r i p o l y p h o s p h a t e s   in  b u i l d e r   e f f e c t i v e n e s s .  

The  mechanism  whereby  d e t e r g e n c y   b u i l d e r s   f u n c t i o n   t o  
improve  the  d e t e r g e n c y   a c t i o n   of  w a t e r - s o l u b l e   o r g a n i c   d e t e r -  
gent   compounds  is  not  p r e c i s e l y   known,  but  appea r s   to  be  
some  c o m b i n a t i o n   of  such  f a c t o r s   as  w a t e r - s o f t e n i n g   a c t i o n  
s o i l   s u s p e n s i o n   and  a n t i - r e d e p o s i t i o n   e f f e c t s   and  pH  a d j u s t -  
ment.  However,  p r e s e n t   t heo ry   does  not  a l low  the  p r e d i c t i o n  
of  which  compounds  w i l l   se rve   as  e f f e c t i v e   d e t e r g e n c y   b u i l d e r s .  

A c c o r d i n g l y ,   i t   has  been  e m p i r i c a l l y   d i s c o v e r e d   t h a t   a  v a r i e t y  
of  m a t e r i a l s ,   i n c l u d i n g   t h e  a f o r e m e n t i o n e d   t r i p o l y p h o s p h a t e s ,  
as  well   as  p h o s p h o n a t e s ,   n i t r i l o t r i a c e t a t e s ,   sodium  s u l p h a t e  
and  v a r i o u s   s i l i c a t e s   and  a l u m i n o s i l i c a t e s ,   a l l   se rve   a s  



d e t e r g e n c y   b u i l d e r s ,   at  l e a s t   to  some  e x t e n t .  
A  v a r i e t y   of  p o l y c a r b o x y l a t e s   have  been  p r e v i o u s l y  

d i s c l o s e d   to  be  u s e f u l   as  d e t e r g e n c y   b u i l d e r s ,   water   s o f t e n e r s  
and  curd  d i s p e r s a n t s   in  d e t e r g e n t   c o m p o s i t i o n s .   For  e x a m p l e ,  
U.S.  P a t e n t   2 , 2 6 4 , 1 0 3 ,   r e l a t e s   to  the  use  of  v a r i o u s   p o l y -  
c a r b o x y l i c   ac ids   as  d e t e r g e n c y   b u i l d e r s   and  water   s o f t e n e r s .  
This  p a t e n t   t e a c h e s   tha t   p o l y c a r b o x y l a t e s   having  t h r e e   o r  
more  c a r b o x y l  g r o u p s   per  molecu le   are  u s e f u l   as  d e t e r g e n c y  
b u i l d e r s   and  water   s o f t e n e r s .   N e t h e r l a n d s   A p p l i c a t i o n  
6 , 5 0 1 , 8 7 1 ,   r e l a t e s   to  the  use  of  v a r i o u s   po lymers ,   such  a s  
those   of  i t a c o n i c   and  a c o n i t i c   a c i d s ,   in  l a u n d r y   d e t e r g e n t s .  
B r i t i s h   P a r e n t   1 ,261 ,829   d i s c l o s e s   the  use  of  o x y d i s u c c i n i c  
ac id   as  a  d e t e r g e n c y   b u i l d e r   whi le   B r i t i s h   P a t e n t   1 , 3 7 9 , 2 4 1  
d i s c l o s e s   the  u s e  o f   c a r b o x y n e t h y l o x y   s u c c i n i c   acid  as  a  
d e t e r g e n c y   b u i l d e r .   It   may  t h e r e f o r e   be  seen  tha t   a  v a r i e t y  
of  p o l y - c a r b o x y l a t e s   have  been  h e r e t o f o r e   s u g g e s t e d   for  u s e  
as  d e t e r g e n c y   b u i l d e r s .   However,  these   m a t e r i a l s   s u f f e r  
from  a  v a r i e t y   of  d e f e c t s   and  have  not  found  g e n e r a l   a c c e p t -  
ance  for  t h i s   use.   For  example,  many  such  m a t e r i a l s   a r e  
d i f f i c u l t   and  e x p e n s i v e   to  p r epa re   or  have  to  be  used  i n  
s u b s t a n t i a l   q u a n t i t i e s   in  o rder   to  secure   e f f e c t i v e   b u i l d i n g  
c a p a c i t y .   When,  on  the  o the r   hand,  the  c o n t e n t   of  p o l y -  
c a r b o x y l a t e   b u i l d e r   is  reduced  to  an  e c o n o m i c a l l y   v i a b l e  
l e v e l ,   the  r e s u l t i n g   c o m p o s i t i o n s   are  f r e q u e n t l y   found  t o  
be  d e f e c t i v e   in  some  a spec t   of  b u i l d e r   pe r fo rmance   s u c h  
as  ca l c ium  s e q u e s t r a t i o n  o r   pH  b u f f e r i n g ;   in  o the r   words  
they  behave  as  t y p i c a l   " u n d e r - b u i l t "   c o m p o s i t i o n s .  

Another   c o n s i d e r a t i o n   in  the  use  of  p o l y c a r b o x y l a t e s  
as  b u i l d e r s   is  t h a t   c e r t a i n   of  the  most  common  and  c h e a p e s t  
m a t e r i a l s   have  t h e i r   g r e a t e s t   b u f f e r i n g   e f f e c t i v e n e s s   a t  
r e l a t i v e l y   low  pH  l e v e l s   where  c o n v e n t i o n a l   b l e a c h i n g   a g e n t s  

s u c h   as  p e r b o r a t e s   and  p e r c a r b o n a t e s . a r e   t h e m s e l v e s   l e a s t  
e f f e c t i v e .   To  a  c e r t a i n   e x t e n t ,   t h e r e f o r e ,   t hese   p o l y -  
c a r b o x y l a t e s   and  b l e a c h i n g   agents   are  m u t u a l l y   i n c o m p a t i b l e  
and  the  r e s u l t i n g   c o m p o s i t i o n s   are  c o n s e q u e n t l y   found  to  be  
d e f i c i e n t   in  the  area  of  b l e a c h a b l e   s t a i n   removal   p e r f o r -  
m a n c e .  

A  f u r t h e r   a s p e c t   of  b l e a c h / p o l y c a r b o x y l a t e   i n c o m p a t a -  
b i l i t y   is  t h a t   h y d r o x y c a r b o x y l a t e s   such  as  c i t r i c   ac id   a r e  
known  to  decompose  at  h igher   wash  t e m p e r a t u r e s   and  c a n  
t h e r e f o r e   only  be  used  e f f e c t i v e l y   in  r e l a t i v e l y   low  t e m p -  
e r a t u r e   washing  p r o c e s s e s .   P e r b o r a t e   and  p e r c a r b o n a t e ,   on 
the  o t h e r   hand,  are  i n e f f e c t i v e   at  low  t e m p e r a t u r e s   in  t h e  



absence   of  b leach   a c t i v a t o r s .   Once  aga in ,   t h e r e f o r e ,   e i c h  
b u i l d i n g   or  b l e a c h i n g   pe r fo rmance   must,   to  a  c e r t a i n   e x t e n t ,  

b e   compromised  when  us ing   h y d r o x y c a r b o x y l a t e s   as  b u i l d e r s  
The  p r e s e n t   i n v e n t i o n   t h e r e f o r e   p r o v i d e s   low  or  z e r o  

p h o s p h a t e   c o n t a i n i n g   d e t e r g e n t   c o m p o s i t i o n s   having  s u b s t a n -  
t i a l l y   e q u i v a l e n t   c l e a n i n g   pe r fo rmance   to  a  c o n v e n t i o n a l  
t r i p o l y p h o s p h a t e - b u i l t   c o m p o s i t i o n .   The  i n v e n t i o n   a i s c  
p r o v i d e s   c o m p o s i t i o n s   having  e f f e c t i v e   d e t e r g e n c y   and  b u i l d i n g  
p e r f o r m a n c e   based  on  l o w e r  t h a n   c o n v e n t i o n a l   l e v e l s   of  c e r t a i n  
p o l y c a r b o x y l a t e   b u i l d e r s .   The  i n v e n t i o n   f u r t h e r   p r o v i d e s  
p o l y c a r b o x y l 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 s   having  i m p r o v e d  
c l e a n i n g   p e r f o r m a n c e   in  the  area  of  b l e a c h a b l e   s t a i n   d e t e r -  
g e n c y .  

Accord ing   to  the  p r e s e n t   i n v e n t i o n ,   t he re   is  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   having  a - p h o s p h o r u s   c o n t e n t   of  no 

m o r e   than  6%,  p r e f e r a b l y   no  more  than  5%,  and  a  pH in  1% 
aqueous   s o l u t i o n   of  l e s s   than  10,  which  c o m p r i s e s  
(a)  from  2  to  75%  of  an  o r g a n i c   d e t e r g e n t   s e l e c t e d   f rom 

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

(b)  from  4  to  50%  of  a  c a r b o x y l a t e   or  p o l y c a r b o x y l a t e  
having  a  f i r s t   c a r b o x y l   l o g a r i t h m i c   a c i d i t y   c o n s t a n t  

(pK1)  of  l e s s   than  9,  and  
(c)  from  0.01  to  4%  of  a  p o l y p h o s p h o n i c   acid  or  s a l t  

t h e r e o f .  
P r e f e r a b l y ,   the  d e t e r g e n t   c o m p o s i t i o n s   of  the  i n v e n t i o n  

have  a  pH  in  1%  aqueous  s o l u t i o n   of  l e s s   than  about  9 .5,   a n d  
more  p r e f e r a b l y   have  a  pH  in  the  range  from  about  6  to  a b o u t  
9.0,   e s p e c i a l l y   from  about   7  to  about  8.5.  In  p r e f e r r e d  
embodiments ,   the  c a r b o x y l a t e   or  p o l y c a r b o x y l a t e   b u i l d e r   h a s  
a  l o g a r i t h m i c   a c i d i t y   c o n s t a n t   in  the  range  from  about  2  t o  
about   8 .5,   e s p e c i a l l y   from  about  4  to  about  7.5,   and  has  a 
l o g a r i t h m i c   ca lc ium  s t a b i l i t y   c o n s t a n t   (pKCa++)  in  the  r a n g e  
from  about   2  to  about   7.  P r e f e r r e d   c o m p o s i t i o n s   c o n t a i n   f r o m  
about   8  to  about  30%  by  weight   of  the  c a r b o x y l a t e   or  p o l y -  
c a r b o x y l a t e   b u i l d e r ,   e s p e c i a l l y   from  about  12  to  about  25%  by 
w e i g h t ,   and  from  about  0.2  to  about  3.5%  by  weight   of  t h e  
p o l y p h o s p h o n a t e ,   e s p e c i a l l y   about  0.5  to  2.2%  by  w e i g h t .  

The  v a r i o u s   e s s e n t i a l   and  o p t i o n a l   components  of  t h e  
i n s t a n t   c o m p o s i t i o n s   w i l l   now  be  d e s c r i b e d .  
Organic   D e t e r g e n t  

The  d e t e r g e n t   a c t i v e   component  of  the  p r e s e n t   c o m p o s i t i o n s  
can  be  a n i o n i c ,   n o n i o n i c ,   ampho ly t i c   or  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 .  
The  d e t e r g e n t   c o m p o s i t i o n s   of  the  i n v e n t i o n   c o n t a i n  

the  a c t i v e   system  in  an  amount  of  from  about  2%  to  about   75% 
by  we igh t .   For  s o l i d   g r a n u l a r   c o m p o s i t i o n s ,   the  a c t i v e  
sys tems  is  g e n e r a l l y   in  the  range  from  about  4%  to  about  305 , -  
more  p r e f e r a b l y   from  about  6%  to  about  15%  of  the  c o m p o s i t i o n s .  
In  l i q u i d   c o m p o s i t i o n s ,   h igher   a c t i v e   c o n t e n t s ,   for  e x a m p l e  
about   20%  to  about   70%  are  n o r m a l l y - e m p l o y e d .   A  t y p i c a l -  
l i s t i n g   of  a n i o n i c ,   n o n i o n i c ,   z w i t t e r i o n i c   and  a m p h o t e r i c  
s u r f a c t a n t s   u s e f u l   h e r e i n   appears   in  USP  3 ,925 ,678   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 .   The  f o l l owing   l i s t   of  d e t e r g e n t  
compounds  which  can  be  used  in  the  i n s t a n t   c o m p o s i t i o n s   i s  
r e p r e s e n t a t i v e   of  such  m a t e r i a l s .   - 

W a t e r - s o l u b l e   s a l t s   of  the  h ighe r   f a t t y   a c i d s ,   i . e .  
" s o a p s " ,   are  u s e f u l   as  the  a n i o n i c   d e t e r g e n t   component  o f  
the  c o m p o s i t i o n s   h e r e i n .   This  c l a s s   of  d e t e r g e n t s   i n c l u d e s  
o r d i n a r y   a l k a l i   metal   soaps  such  as  the  sodium,  p o t a s s i u m ,  
ammonium  and  a lky lo lammonium  s a l t s   of  h ighe r   f a t t y   a c i d s  
c o n t a i n i n g   from  about   8  to  about  24  carbon  atoms  and  p r e -  
f e r a b l y   from  about   10  to   about  20  carbon  atoms.  Soaps  c a n  
be  made  by  d i r e c t   s a p o n i f i c a t i o n   of  f a t s   and  s o i l s   or  by  
the  n e u t r a l i z a t i o n   of  f ree   f a t t y   a c i d s .   P a r t i c u l a r l y   u s e -  
ful   are  the  sodium  and  po tas s ium  s a l t s   of  the  m i x t u r e s   o f  
f a t t y  a c i d s   d e r i v e d   from  coconut   o i l   and  t a l l o w , i e .   sod ium 

o r   p o t a s s i u m   t a l l o w   and  coconut   s o a p .  
A  h igh ly   p r e f e r r e d   c l a s s   of  a n i o n i c   d e t e r g e n t s   i n c l u d e s  

w a t e r - s o l u b l e   s a l t s ,   p a r t i c u l a r l y   the  a l k a l i   m e t a l ,   ammonium 
and  a l k y l o l a m m o n i u m  s a l t s ,   of  o rgan i c   s u l f u r i c   r e a c t i o n   p r o d u c t s  
having  in  t h e i r   m o l e c u l a r   s t r u c t u r e   an  a lky l   group  c o n t a i n i n g  
from  about   8  to  about   22,  e s p e c i a l l y   from  about  10  to  a b o u t  
20  carbon  atoms  and  a  s u l f o n i c   acid   or  s u l f u r i c   acid  e s t e r  

group.   ( I n c l u d e d   in  the  term  " a l k y l "   is  the  a lky l   p o r t i o n  
of  acyl   g r o u p s ) .   Examples  of  t h i s   group  of  s y n t h e t i c   d e t e r -  

gents   which  form  p a r t   of  the  d e t e r g e n t   c o m p o s i t i o n s   of  t h e  

p r e s e n t   i n v e n t i o n   are  the  sodium  and  po t a s s ium  a lky l   s u l f a t e s ,  
e s p e c i a l l y   t hose   o b t a i n e d   by  s u l f a t i n g   the  h igher   a l c o h o l s  

(C8-C18)  carbon  atoms)  produced  by  reduc ing   the  g l y c e r i d e s  
of  t a l l o w   or  coconu t   o i l ;   and  sodium  and  po t a s s ium  a l k y l  
benzene  s u l f o n a t e s ,   in  which  the  a lky l   group  c o n t a i n s   f r o m  
about   9  to  about  15  carbon  atoms,  in  s t r a i g h t   chain  o r  
b ranched   chain  c o n f i g u r a t i o n ,   eg.  those   of  the  type  d e s -  
c r i b e d   in  USP  2 ,220 ,099   and  2 ,477 ,383 .   E s p e c i a l l y   v a l u a b l e  

are  l i n e a r   s t r a i g h t   chain   a lky l   benzene  s u l f o n a t e s   in  w h i c h  

the  a v e r a g e  o f   the  a l k y l   group  is  about  11.8  carbon  a t o m s ,  



a b b r e v i a t e d   as  C11-8  LAS. 
A  p r e f e r r e d   a lky l   e t h e r   s u l f a t e   s u r f a c t a n t   componen t  

of  the  p r e s e n t   i n v e n t i o n   is  a  mix tu re   of  a lky l   e the r   s u l f a t e s  
sa id   m ix tu re   having  an  average   ( a r i t h m e t i c   mean)  c a r b o n  
cha in   l eng th   w i t h i n   the  range  of  about  12  to  16  carbon  a t o m s ,  
p r e f e r a b l y   from  about  14  to  15  carbon  atoms,  and  an  a v e r a g e  
( a r i t h m e t i c   mean)  degree   of  e t h o x y l a t i o n   of  from  about  1  t o  
4  mols  of  e t h y l e n e   o x i d e .  

Other  a n i o n i c   d e t e r g e n t   compounds  he r e in   i n c l u d e   t h e  
sodium  a l k y l   g l y c e r y l   e t h e r   s u l f o n 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  h ighe r   a l c o h o l s   d e r i v e d   from  t a l l o w   and  c o c o n u t  
o i l ;   sodium  coconut   o i l   f a t t y   acid  m o n o g l y c e r i d e   s o l f o n a t e s  
and  s u l f a t e s ;   and  sodium  or  po t a s s ium  s a l t s   of  a lky l   p h e n o l  
e t h y l e n e   oxide   e t h e r   s u l f a t e   c o n t a i n i n g   about  1  to  about  10 
u n i t s   of  e t h y l e n e   oxide  per  molecu le   and  where in   the  a l k y l  
groups  c o n t a i n   about  8  to  about  12  carbon  a t o m s .  

Other  u s e f u l   a n i o n i c   d e t e r g e n t   compounds  h e r e i n  
i n c l u d e   the  w a t e r - s o l u b l e   s a l t s   of  e s t e r s   of  a - s u l f o n a t e d  
f a t t y   ac ids   c o n t a i n i n g   from  about  6  t o  20   carbon  atoms  i n  
the  f a t t y   acid  group  and  from  about  1  to  10  carbon  atoms  i n  
the  e s t e r   group;   w a t e r - s o l u b l e   s a l t s   of  2 - a c y l o x y - a l k a n e -  
1 - s u l f o n i c   ac ids   c o n t a i n i n g   from  about  2  to  9  carbon  a toms  
in  the  acyl  group  and  from  about  9  to  about  23  carbon  a t o m s  .  
in  the  a lkane   moie ty ;   a lky l   e the r   s u l f a t e s   c o n t a i n i n g   f rom 
about   10  to  20  carbon  atoms  in  the  a lky l   group  and  from  abe  
1  to  30  moles  of  e t h y l e n e   oxide;   w a t e r - s o l u b l e   s a l t s   of  o l e t  
s u l f o n a t e s   c o n t a i n i n g   from  about  12  to  24  carbon  atoms;  wat% 
s o l u b l e   s a l t s   of  p a r a f f i n   s u l f o n a t e s   c o n t a i n i n g   from  a b o u t  
8  to  24,  e s p e c i a l l y   14  to  18  carbon  atoms,  and  S - a l k y l o x y  
a lkane   s u l f o n a t e s   c o n t a i n i n g   from  about  1  to  3  carbon  a toms  
in  the  a l ky l   group  and  from  about  8  to  20  carbon  atoms  in  t h e  
a lkane   m o i e t y .  

Anionic   s u r f a c t a n t   m i x t u r e s   can  a lso   be  e m p l o y e d ,  
for  example  5:1  to  1:5  m i x t u r e s   of  an  a lky l   benzene  s u l f o n a t e  

having  from  9  to  15  carbon  atoms  in  the  a l ky l   r a d i c a l   and  
m i x t u r e s   t h e r e o f ,   the  c a t i o n   being  an  a l k a l i   metal   p r e f e r a b l e  
sodium;  and  from  about  2%  to  about  15%  by  weight   of  an  a l k y l  
ethoxy  s u l f a t e   having  from  10  to  20  carbon  atoms  in  the  a l k y l  
r a d i c a l   and  from  1  to  30  ethoxy  groups  and  m i x t u r e s   t h e r e o f ,  
having  an  a l k a l i   metal   c a t i o n ,   p r e f e r a b l y   sod ium.  

W a t e r - s o l u b l e   non ion i c   s y n t h e t i c   d e t e r g e n t s   are  a l s o  
u s e f u l   as  the  d e t e r g e n t   component  of  the  i n s t a n t   c o m p o s i t i o n ,  



Such  n o n i o n i c   d e t e r g e n t   m a t e r i a l s   can  be  b r o a d l y   def ined   a s  
compounds  p roduced   by  the  c o n d e n s a t i o n   of  a l k y l e n e   o x i d e  

groups   ( h y d r o p h i l i c   in  na tu re )   with  an  o r g a n i c   h y d r o p h o b i c  
compound,  which  may  be  a l i p h a t i c   or  a l ky l   a roma t i c   in  n a t u r e .  
The  l e n g t h   of  the  p o l y o x y a l k y l e n e   group  which  is  c o n d e n s e d  
with  any  p a r t i c u l a r   hydrophob ic   group  can  be  r e a d i l y   a d j u s t e d  
to  y i e l d   a  w a t e r - s o l u b l e   compound  having  the  d e s i r e d   d e g r e e  
of  b a l a n c e   between  h y d r o p h i l i c   and  h y d r o p h o b i c   e l e m e n t s .  

Examples  of  s u i t a b l e   non ion ic   d e t e r g e n t s   i n c l u d e :  
1.  The  p o l y e t h y l e n e   oxide  c o n d e n s a t e s   of  a lky l   p h e n o l ,  
eg.  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   phenols   having  an  
a lky l   group  c o n t a i n i n g   from  6  to  12  carbon  atoms  in  e i t h e r  
a  s t r a i g h t   cha in   or  branched  chain  c o n f i g u r a t i o n ,   w i t h  
e t h y l e n e   o x i d e ,   the  sa id   e t h y l e n e   oxide  being  p r e s e n t   i n  
amounts  equal   to  5  to  25  moles  of  e t h y l e n e   oxide  per  mole  
of  a l k y l   pheno l .   The  a lky l   s u b s t i t u e n t   in  such  compounds 
may  be  d e r i v e d ,   for  example,   from  p o l y m e r i s e d   p r o p y l e n e ,  
d i - i s o b u t y l e n e ,   oc t ene   and  nonene.  Other  examples  i n c l u d e  
d o d e c y l p h e n o l   condensed   with  12  moles  of  e t h y l e n e   oxide  p e r  
mole  of  pheno l ;   d i n o n y l p h e n o l   condensed  with  15  moles  o f  
e t h y l e n e   oxide   per  mole  of  phenol ;   n o n y l p h e n o l   c o n d e n s e d  
wi th   20  moles  of  e t h y l e n e   oxide  per  mole  of  nonylphenol   and 
d i - i s o - o c t y l p h e n o l   condensed  with  15  moles  of  e t h y l e n e   o x i d e .  
2.  The  c o n d e n s a t i o n   p roduc t   of  p r imary   or  secondary   a l i p h a t i c  
a l c o h o l s   having   from  8  to  24  carbon  atoms,  in  e i t h e r   s t r a i g h t  
cha in   or  b r a n c h e d   chain  c o n f i g u r a t i o n ,   with  from  1  to  about  30 
moles  of  a l k y l e n e   oxide  per  mole  of  a l c o h o l .   P r e f e r a b l y ,  
the  a l i p h a t i c   a l c o h o l   compr ises   between  9  and  15  carbon  a toms 
and  is  e t h o x y l a t e d   with  between  2  and  12,  d e s i r a b l y   b e t w e e n  
3  and  8  moles  of  e t h y l e n e   oxide  per  mole  of  a l i p h a t i c   a l c o h o l .  
Such  n o n i o n i c   s u r f a c t a n t s   are  p r e f e r r e d   from  the  poin t   of  v i e w  
of  p r o v i d i n g   good  to  e x c e l l e n t   d e t e r g e n c y   per formance   on  f a t t y  
and  g r e a s y   s o i l s ,   and  in  the  p r e sence   of  ha rdnes s   s e n s i t i v e  
a n i o n i c   s u r f a c t a n t s   such  as  a lky l   benzene  s u l p h o n a t e s .   The 
p r e f e r r e d   s u r f a c t a n t s   are  p repared   from  pr imary  a l c o h o l s   wh ich  

are  e i t h e r   l i n e a r   (such  as  those   d e r i v e d   from  n a t u r a l   f a t s  
of  p r e p a r e d   by  t h e  Z i e g l e r   p rocess   from  e t h y l e n e ,   eg.  m y r i s t y l ,  
c e t y l ,   s t e a r y l   a l c o h o l s ) ,   or  p a r t l y   b ranched   such  as  t h e  
Dobanols   and  Neodols  which  have  about  25%  2-methyl   b r a n c h i n g  
(Dobanol  and  Neodol  being  Trade  Names  of  Shel l )   or  S y n p e r o n i c s ,  

which  are  u n d e r s t o o d   to  have  about  50%  2-methyl   b r a n c h i n g  
( S y n p e r i o n i c   is  a  t r a d e   name  of  I . C . I . )   or  the  pr imary  a l c o h o l s  

having   more  than  50%  branched  chain  s t r u c t u r e   sold  u n d e r  t h e  



Trade  Name  Lia l   by  L i q u i c h i m i c a .   S p e c i f i c   examples  o t  
n o n i o n i c   s u r f a c t a n t s   f a l l i n g   w i t h i n   the  scope  of  the  i n v e n t i o n  
i n c l u d e   Dobanol  45-4,  Dobanol  45-7,  Dobanol  45-11,  Dobanol  s l  3 .  
Dobanol  91-6.,  Dobanol  91-8,   Synperon ic   6,  Synperon ic   1 4  
the  c o n d e n s a t i o n   p r o d u c t s   of  coconut   a l c o h o l   with  an  a v e r a g e  
of  between  5  and  12  moles  of  e t h y l e n e   oxide  per  mole  o f  
a l c o h o l ,   the  coconu t   a l k y l   p o r t i o n   having  from  10  to  14 
carbon  atoms,  and  the  c o n d e n s a t i o n   p r o d u c t s   of  t a l l o w   a l c o h o l  
with  an  average   of  between  7  and  12  moles  of  e t h y l e n e   o x i d e  
per  mole  of  a l c o h o l ,   the  t a l l o w   p o r t i o n   compr i s i ng   e s s e n t i a l l y  
between  16  and  22  carbon  atoms.  Secondary  l i n e a r   a l k y l  
e t h o x y l a t e s   are  a l so   s u i t a b l e   in  the  p r e s e n t   c o m p o s i t i o n s ,  
e s p e c i a l l y   those   e t h o x y l a t e s   of  the  T e r g i t o l   s e r i e s   h a v i n g  
from  about  9  to  16  carbon   atoms  in  the  a lky l   group  and  up 
to  about   11,  e s p e c i a l l y   from  about  3  to  9,  ethoxy  r e s i d u e s  
per  m o l e c u l e .  
3.  The  compounds  formed  by  condens ing   e t h y l e n e   oxide  w i t h  
a  h y d r o p h o b i c   base  formed  by  the  c o n d e n s a t i o n   of  p r o p y l e n e  
oxide   with  p r o p y l e n e   g l y c o l .   The  m o l e c u l a r  w e i g h t   of  t h e  
h y d r o p h o b i c   p o r t i o n   g e n e r a l l y   f a l l s   in  the  range  of  a b o u t  
1500  to  1800.  Such  s y n t h e t i c   non ion ic   d e t e r g e n t s   a r e  
a v a i l a b l e   on  the  marke t   under  the  t r ade   name  of  " P l u r o n i c "  
s u p p l i e d   by  Wyandot te   Chemica l s   C o r p o r a t i o n .  

S e m i - p o l a r   n o n i o n i c   d e t e r g e n t s   i nc lude   w a t e r - s o l u b l e  
amine   ox ides   c o n t a i n i n g   one  a l ky l   m o i e t y  o f   from  about   10 
to  28  carbon  atoms  and  2  m o i e t i e s   s e l e c t e d   from  the  g r o u p  
c o n s i s t i n g   of  a l k y l   groups   and  h y d r o x y a l k y l   groups  c o n t a i n -  
from  1  to  about   3  carbon  atoms;  w a t e r - s o l u b l e   phosph ine   o x i d e  
d e t e r g e n t s   c o n t a i n i n g   one  a lky l   moiety  of  about  10  to  2.; 
atoms  and  2  m o i e t i e s   s e l e c t e d   from  the  group  c o n s i s t i n g   o f  
a l k y l   groups  and  h y d r o x y a l k y l   groups  c o n t a i n i n g   from  a b o u t  
1  to  3  carbon  atoms;  and  w a t e r - s o l u b l e   s u l f o x i d e   d e t e r g e n t s  
c o n t a i n i n g   one  a l k y l   moie ty   of  from  about  10  to  28  c a r b o n  
atoms  and  a  moie ty   s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

a l k y l   and  h y d r o x y a l k y l   m o i e t i e s   of  from  1  to  3  carbon  a t o m s .  
Ampholyt ic   d e t e r g e n t s   i n c l u d e   d e r i v a t i v e s   of  a l i p h a t i g  

or  a l i p h a t i c   d e r i v a t i v e s   of  h e t e r o c y c l i c   secondary   and 
t e r t i a r y   amines  in  which  the  a l i p h a t i c   moiety  can  be  s t r a i g h t  
chain   or  b ranched   and  were in   one  of  the  a l i p h a t i c   s u b s t i t u e n t .  
c o n t a i n s   from  about   8  to  18  carbon  atoms  and  at  l e a s t   one  

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

g r o u p .  



Z w i t t e r i o n i c   d e t e r g e n t s   i n c l u d e   d e r i v a t i v e s   of  a l i p h a t i c  
q u a t e r n a r y   ammonium,  phosphonium  and  su l fon ium  compounds  i n  
which  the  a l i p h a t i c   m o i e t i e s   can  be  s t r a i g h t   chain  or  b r a n c h e d ,  
and  where in   one  of  the  a l i p h a t i c   s u b s t i t u c n t s   c o n t a i n s   f rom 
about   8  to  18  carbon  atoms  and  one  c o n t a i n s   an  an ion i c   w a t e r -  
s o l u b i l i z i n g   group.   F u r t h e r   use  of  z w i t t e r i o n i c   d e t e r g e n t s  
are  d i s c u s s e d   in  US  P a t e n t s   Nos.  3 ,925 ,262   and  3,929,   678. 

I t   is  to  be  r e c o g n i s e d   t h a t   any  of  the  f o r e g o i n g   d e t e r -  
gents   can  be  used  s e p a r a t e l y   h e r e i n   or  as  m i x t u r e s .  

A  h i g h l y   p r e f e r r e d   mix tu re   of  s u r f a c t a n t s   is  an  a n i o n i c /  
n o n i o n i c   m i x t u r e ,   e s p e c i a l l y   a  m ix tu re   of  a  C8-C22  a l k y l  
benzene  s u l f o n a t e   and  a  C10-C20  a l k a n o l   e t h o x y l a t e d   w i t h  
from  3  to  30  moles  of  e t h y l e n e   oxide  per  mole  of  a l k a n o l .  
Highly  p r e f e r r e d   m i x t u r e s   i n c l u d e   C12  a lky l   benzene  s u l -  
f o n a t e   and  C14-C15  a l c o h o l - ( 7 ) - e t h o x y l a t e ,   in  r a t i o s   o f  
from  5:1  to  1:3,   p r e f e r a b l y   3:1  to  1:1.  In  s t i l l   more  
p r e f e r r e d   c o m p o s i t i o n s ,   a  f a t t y   acid  soap  is  added  to  t h e  
a b o v e - d e s c r i b e d   m i x t u r e ,   p r e f e r a b l y   a  C10-C20  soap  at  a  
l e v e l   of  from  1%  to  5%. 
P o l y c a r b o x y l a t e   B u i l d e r  

A  f u r t h e r   e s s e n t i a l   component  of  the  c o m p o s i t i o n s   o f  
the  i n v e n t i o n   is  a  p o l y c a r b o x y l a t e   b u i l d e r   of  a  type  in  wh ich  
the  c a r b o x y l a t e   anion  of  h i g h e s t   b a s i c i t y   has  a  l o g a r i t h m i c  
a c i d i t y   c o n s t a n t   (pKl)  of  l ess   than  about  9,  p r e f e r a b l y   o f  
between  about   2  and  about   8.5,   more  p r e f e r a b l y   of  be tween  
about   4  and  about   7 . 5 .  

The  l o g a r i t h m i c   a c i d i t y   c o n s t a n t   is  thus  de f i ned   by 
r e f e r e n c e   to  the  e q u i l i b r i u m  

where  A  is  the  f u l l y   i o n i z e d   c a r b o x y l a t e   anion  of  the  b u i l d e r  
s a l t .  

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

and  pk1 =  log10  K: 

For  the  p u r p o s e s   of  t h i s   s p e c i f i c a t i o n ,  a c i d i t y   c o n s t a n t s  

are  d e f i n e d   at  250C  and  at  zero  ion ic   s t r e n g t h .   L i t e r a t u r e  
v a l u e s   are  taken  where  p o s s i b l e   (see  S t a b i l i t y   Cons t an t s   o f  
M e t a l - I o n   Complexes ,   S p e c i a l   P u b l i c a t i o n   No.  25,  The  C h e m i c a l  

S o c i e t y ,   London);   where  doubt  a r i s e s   they  are  de t e rmined   by 

p o t e n t i o m e t r i c   t i t r a t i o n   using  a  g l a s s  e l e c t r o d e .   In  the  c a s e  



of  po lymer ic   p o l y c a r b o x y l a t e   b u i l d e r s ,   the  v a r i o u s   c a r b o x y l a t e  
a c i d i t y   c o n s t a n t s   are  de t e rmined   using  the  Ka t cha l sky   f o r m  
of  the  H e n d e r s o n - H e s s e l b a l c h   e q u a t i o n ( s e e   A  K a t c h a l s k y   and  
P.  S p i t n i k ,   J.  Polym.  S c i . , 1 9 5 7 ,  2 3 ,   4 5 1 ) .  

P r e f e r r e d   c a r b o x y l a t e s   can  a lso   be  de f ined   in  terms  o f  
t h e i r   ca lc ium  ion  s t a b i l i t y   c o n s t a n t   (pkCa++)  d e f i n e d ,  
a n a l o g o u s l y   to  pk1, by  t h e  e q u a t i o n s  

where  

P r e f e r a b l y ,   the  p o l y c a r b o x y l a t e   has  a  pkCa++  in  the  r a n g e  
from  about  2  to  about  7  e s p e c i a l l y   from  about  3  to  about  6. 
Once  again   l i t e r a t u r e   va lues   of  s t a b i l i t y   c o n s t a n t s   are  t a k e n  
where  p o s s i b l e .   The  s t a b i l i t y   c o n s t a n t   is  d e f i n e d   at  25°C  and 
at  zero  i on i c   s t r e n g t h   us ing  a  g l a s s   e l e c t r o d e   method  o f  
measurement   as  d e s c r i b e d   in  Complexat ion   in  A n a l y t i c a l  
Chemis t ry   by  Anders  Ringbom  ( 1 9 6 3 ) .  

The  c a r b o x y l a t e   or  p o l y c a r b o x y l a t e   b u i l d e r   can  be  
m o n o m e r i c , o l i g o m e r i c   or  po lymer ic   in  type  a l t h o u g h   monomer ic  
p o l y c a r b o x y l a t e s   are  g e n e r a l l y   p r e f e r r e d   for  r easons   of  c o s t  
and  p e r f o r m a n c e .  

Monomeric  and  o l igomer ic   b u i l d e r s   can  be  s e l e c t e d   f rom 

a c y c l i c ,   a l i c y c l i c  h e t e r o c y c l i c   and  a romat i c   c a r b o x y l a t e s   hav. 
the  g e n e r a l   f o r m u l a e  

o r  

where in   R1  r e p r e s e n t s   H;C1-30  a lky l   or  a l k e n y l   o p t i o n a l l y  
s u b s t i t u t e d   by  hydroxy,   carboxy,   su l fo   or  phosphono  g r o u p s  
or  a t t a c h e d   to  a  p o l y e t h y l e n o x y   moity  c o n t a i n i n g   up  to  20 



e t h y l e n e o x y   g r o u p s ;   R2  r e p r e s e n t s   H;C1-4  a lky l   or  a l k e n y l  
.  o r   hydroxy  a l k y l   or  a l k a r y l ;   s u l f o ;   or  phosphono  g r o u p s ;  

X  r e p r e s e n t s   a  s i n g l e   bond;  0;  S;  SO;  SO2;  or  NR1; 
Y  r e p r e s e n t s   H;  c a rboxy ;   hydroxy;   c a r b o x y m e t h y l o x y ;   o r  
C1-30  a l k y l   or  a l k e n y l   o p t i o n a l l y   s u b s t i t u t e d   by  h y d r o x y  
or  carboxy  g r o u p s ;  
Z  r e p r e s e n t s   H;  or  c a r b o x y ;  
m  is  an  i n t e g e r   from  1  to  10;  
n  is  an  i n t e g e r   from  3  to  6; 
p,q  are  i n t e g e r s   from  O  to  6,  p  +  q  being  from  1  to  6;  and  
where in   X,  Y,  and  Z  e a c h  h a v e   the  same  or  d i f f e r e n t   r e p r e s e n -  
t a t i o n s   when  r e p e t e d   in  a  given  m o l e c u l a r   f o r m u l a .  

S u i t a b l e   c a r b o x y l a t e s   c o n t a i n i n g  o n e   carboxy  g r o u p  
i n c l u d e   l a c t i c   a c i d ,   g l y c o l l i c   acid  and  e t h e r   d e r i v a t i v e s  

t h e r e o f   as  d i s c l o s e d   in  Belgium  P a t e n t s   821,368,   8 2 1 , 3 6 9  
and  821 ,370 .   P o l y c a r b o x y l a t e s   c o n t a i n i n g   two  carboxy  g r o u p s  
i n c l u d e   the  w a t e r - s o l u b l e   s a l t s   of  s u c c i n i c   ac id ,   m a l o n i c  
ac id ,   ( e t h y l e n e d i o x y )   d i a c e t i c   ac id ,   male ic   ac id ,   d i g l y o l l i c  
ac id ,   t a r t a r i c   ac id ,   t a r t r o n i c   acid  and  fumaric   ac id ,   as  w e l l  
as  the  e t h e r   c a r b o x y l a t e s   d e s c r i b e d   in  German  O f f e n l e g e n s c h r i f t  
2 , 4 4 6 , 6 8 6 ,   and  2 , 4 4 6 , 6 8 7   and  U.S.  P a t e n t   3 ,935 ,257   and  t h e  
s u l f i n y l   c a r b o x y l a t e s   d e s c r i b e d   in  Belgium  Pa t en t   8 4 0 , 6 2 3 .  
P o l y c a r b o x y l a t e s   c o n t a i n i n g   th ree   carboxy  groups  i n c l u d e ,  
in  p a r t i c u l a r ,   w a t e r - s o l u b l e   c i t r a t e s ,   a c o n i t r a t e s   and  c i t -  
r a c o n a t e s   as  wel l   as  s u c c i n a t e   d e r i v a t i v e s   such  as  t h e  
c a r b o x y m e t h l o x y s u c c i n a t e s   d e s c r i b e d   in  B r i t i s h   P a t e n t  
1 , 3 7 9 , 2 4 1 ,   l a c t o x y s u c c i n a t e s   d e s c r i b e d   in  B r i t i s h   P a t e n t  
1 , 3 8 9 , 7 3 2 ,   and  a m i n o s u c c i n a t e s   d e s c r i b e d   in  N e t h e r l a n d s  
A p p l i c a t i o n   7 , 2 0 5 , 8 7 3 ,   and  the  o x y p o l y c a r b o x y l a t e   m a t e r i a l s  
such  as  2 - o x a - 1 , 1 , 3 - p r o p a n e   t r i c a r b o x y l a t e 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   1 , 3 8 7 , 4 4 7 .  

P o l y c a r b o x y l a t e s   c o n t a i n i n g   four   carboxy  groups  i n c l u d e  

o x y d i s u c c i n a t e s  d i s c l o s e d   in  B r i t i s h   P a t e n t   1 , 2 6 1 , 8 2 9 ,   1 , 1 , 2 , 2 -  
e thane   t e t r a c a r b o x y l a t e s , 1 , 1 , 3 , 3 - p r o p a n e   t e t r a c a r b o x y l a t e s   and  

1 , 1 , 2 , 3 - p r o p a n e   t e t r a c a r b o x y l a t e s .   P o l y c a r b o x y l a t e s   c o n t a i n i n g  
su l fo   s u b s t i t u e n t s   i n c l u d e   the  s u l f o s u c c i n a t e   d e r i v a t i v e s   d i s -  

c lo sed   in  B r i t i s h   P a t e n t   N o s .  1 , 3 9 8 , 4 2 1   and  1 ,398 ,422   and  i n  

U.S.  P a t e n t   3 , 9 3 6 , 4 4 8 ,   and  the  s u l f o n a t e d   p y r o l y s e d   c i t r a t e s  

d e s c r i b e d   in  B r i t i s h   P a t e n t   1 , 082 ,179 ,   while  p o l y c a r b o x y l a t e s  

c o n t a i n i n g   phosphono  s u b s t i t u e n t s   are  d i s c l o s e d   in  B r i t i s h  

P a t e n t   1 , 4 3 9 , 0 0 0 .  
A l i c y c l i c   and  h e t e r o c y c l i c   p o l y c a r b o x y l a t e s   i n c l u d e  

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



p e n t a c a r b o x y l a t e s ,   2 , 3 , 4 , 5 - t e t r a h y d r o f u r a n  -   c i s ,   c i s ,   c i s -  
t e t r a c a r b o x y l a t e s ,   2 , 5 - t e t r a h y d r o f u r a n  -   c i s  -   d i c a r b o x y l a t e s ,  
2 , 2 , 5 , 5 - t e t r a h y d r o f u r a n  -   t e t r a c a r b o x y l a t e s ,   1 , 2 , 3 , 4 , 5 , 6 -  
h e x a n e  -   h e x a c a r b o x y l a t e s   and  c a rboxyme thy l   d e r i v a t i v e s   o f  
p o l y h y d r i c   a l c o h o l s   such  as  s o r b i t o l ,   man i to l   and  x y l i t o l .  
Aromat ic   p o l y c a r b o x y l a t e s   i n c l u d e   m e l l i t i c   ac id ,   p y r o m e l l i t i c  
ac id   and  the  p h t h a l i c   acid   d e r i v a t i v e s   d i s c l o s e d   in  B r i t i s h  
P a t e n t   1 , 4 2 5 , 3 4 3 .  

Of  the  above,   the  p r e f e r r e d   p o l y c a r b o x y l a t e s   are  h y d r o x y -  
c a r b o x y l a t e s   c o n t a i n i n g   up  to  t h r e e   carboxy  groups  per  m o l e -  
c u l e .  

P o l y m e r i c   p o l y c a r b o x y l a t e s   s u i t a b l e   for  use  in  t h e  
p r e s e n t   c o m p o s i t i o n s   are  p r e f e r a b l y   those   homo-  o r  c o p o l y m e r i c  
p o l y c a r b o x y l a t e s   having  a  m o l e c u l a r   weight   of  at  l e a s t   500 
c o m p r i s i n g   c a r b o x y l i c   acid  u n i t s ,   or  s a l t s   t h e r e o f ,   h a v i n g  
the  g e n e r a l   f o r m u l a e :  

where in   X,  Y,  and  Z  are  each  s e l e c t e d   from  the  group  c o n s i s t a n g  
of  hydrogen ,   me thy l ,   a r y l ,   a l k a r y l ,   c a r b o x y l ,   hydroxy l   and  
c a r b o x y m e t h y l ;   at  l e a s t   one  of  X,  Y,  and  Z  being  s e l e c t e d  
from  the  group  c o n s i s t i n g   of  c a rboxy l   and  c a r b o x y m e t h y l ,  
p r o v i d e d   t h a t   X  and  Y  can  be  c a rboxyme thy l   only  when  Z  i s  
s e l e c t e d   from  c a r b o x y l   and  c a r b o x y m e t h y l   and  wherein   o n l y  
one  of  X,  Y,  and  Z  can  be  me thy l ,   a r y l ,   hydroxyl   and  a l k a r y l -  
o r  

where in   R  and  R2  each  r e p r e s e n t   a  hydrogen  atom  or  an  a l k y l  
group  c o n t a i n i n g   1  to  3  carbon  atoms,  and  R3  r e p r e s e n t s   H, 
OH  or  CH3. 

P o l y c a r b o x y l a t e s   of  type  A  i n c l u d e   those   d e r i v e d   f rom 
p o l y a c i d   monomers  s e l e c t e d   from  male ic   ac id ,   c i t r a c o n i c  
ac id ,   a c o n i t i c   a c id ,   fumar ic   and,  mesaconic   ac id ,   p h e n y l  
m a l e i c   a c i d ,   benzy l   ma le ic   a c id ,   i t a c o n i c   acid  and  m e t h y l e n e  
ma lon ic   a c i d ,   or  the  a n h y d r i d e s   t h e r e o f .  

P o l y c a r b o x y l a t e s   of  type  B  i n c l u d e   those   d e r i v e d ,   a t  



l e a s t   in  s t r u c t u r a l   t e rms ,   from  monoacid  monomers 
s e l e c t e d   from  a c r y l i c   ac id ,   a - h y d r o x y a c r y l i c   ac id   and  m e t h -  
a c r y l i c   a c i d .  

P r e f e r a b l y   the  above  c a r b o x y l   monomer  p r o v i d e s   at  l e a s t  
45  mole  p e r c e n t   of  the  monomeric  s p e c i e s   c o m p r i s i n g   t h e  
polymer  s p e c i e s .   The  polymer  can  be  s e l e c t e d   from  homo- 
polymers   of  the  above  c a rboxy l   monomers;  or  copolymers   o f  
t w o  o r   more  of  the  above  c a r b o x y l   monomers;  or  c o p o l y m e r s  
of  one  or  more  of  the  above  c a r b o x y l   monomers  with  an  
u n s a t u r a t e d   p o l y m e r i s a b l e   monomer  o the r   than  the  s p e c i f i e d  
c a r b o x y l   monomers .  

A  p r e f e r r e d   copolymer   of  t h e  l a t t e r   type  c o m p r i s e s  
u n i t s   having  the  g e n e r a l   f o r m u l a  

where in   R1 is  a  C1-C12  a lky l   group  or  a  C1-12  acyl  g r o u p ,  
R   o p t i o n a l l y   being  hydroxy  or  carboxy  s u b s t i t u t e d   (eg.  R1  = CH2COOH 

Examples  of  p o l y c a r b o x y l a t e s   in  the  above  c l a s s e s   a r e  
sodium  p o l y m a l e a t e   (mo lecu l a r   we igh t   2 , 5 0 0 ) ,   ma le ic   a c i d /  
a c r y l i c   acid  copo lymer ,   70:30  a c r y l i c   a c i d / h y d r o x y   e t h y l  
m a l e a t e   copo lymer ,   m e t h y l v i n y l e t h e r / m a l e i c   acid  c o p o l y m e r ,  
e t h y l v i n y l e t h e r / m a l e i c   acid  copolymer ,   sodium  p o l y m a l e i c  
ac id   s u l f o n a t e ,   1:3  copolymer  of  a c r y l i c   acid   and  i t a c o n i c  
a c i d ,   a  1:4  copolymer   of  3 - b u t e n o i c   acid  and  m e t h y l e n e -  
ma lon ic   a c i d ,   a  1:9  copolymer   of  i s o c r o t o n i c   ac id   a n d  
c i t r a c o n i c   a c i d ,   a  1 :1 .9   copolymer   of  m e t h a c r y l i c   acid   and  
a c o n i t i c   a c id ,   and  a  1 .2 :1   copolymer   of  4 - p e n t e n o i c   a c i d  
and  i t a c o n i c   a c i d .  

The  p o l y m e r i c   p o l y c a r b o x y l a t e s   have  ave rage   m o l e c u l a r  

we igh t   ( g e n e r a l l y   measured  as  a  v i s c o s i t y   ave rage   in  1  M 
NaOH  as  s p e c i f i e d   in  Dutch  P a t e n t   A p p l i c a t i o n   78 /04276 )  
in  the  range  from  about  500  to  about   2 , 0 0 0 , 0 0 0 ,   and  c a l c i u m  
s t a b i l i t y   c o n s t a n t s   in  the  range  from  about   2  to  about   7 .  
The  P o l y p h o s p h o n a t e  

The  p r e f e r r e d   p o l y p h o s p h o n a t e s   have  a  ca lc ium  s t a b i l i t y  
c o n s t a n t ,   pkCa++,  in  the  range  from  about  5  to  about   1 0 . 5 ,  
d e s i r a b l y   from  about   6  to  about   10  and  e s p e c i a l l y   from  a b o u t  
7.0  to  about   9.5.  The  d e f i n i t i o n   and  method  of  m e a s u r e m e n t  
of  s t a b i l i t y   c o n s t a n t s   has  been  more  f u l l y   d e f i n e d   e a r l i e r .  



P r e f e r r e d   p o l y p h o s p h o n a t e s   are  those   of  the  g e n e r a l  
f o r m u l a  

where  n  is  at  l e a s t   2,  M  is  an  a l k a l i   m e t a l ,   ammonium  or  s u b -  
s t i t u t e d   ammonium  c a t i o n   and  Z  is  a  c o n n e c t i n g   o rgan i c   m o i e t y  
having  an  e f f e c t i v e   c o v a l e n c y   equal   to  n.  P r e f e r a b l y   Z  i s  
a  h y d r o c a r b y l   or  a  h y d r o c a r b y l   s u b s t i t u t e d   amino  r a d i c a l .  
Var ious   s p e c i f i c   c l a s s e s   of  p o l y p h o s p h o n a t e s  u s e f u l   in  t h e  
p r e s e n t   i n v e n t i o n ,   are  i n d i c a t e d   b e l o w .  

The  p o l y p h o s p h o n a t e   can  be  d e r i v e d   from  ac ids   s e l e c t e d  
from  the  group  c o n s i s t i n g   of  those   of  the  f o r m u l a e :  

where in   R1  and  R2  are  hydrogen  or  CH2OH;  n  is  an  i n t e g e r   o f  
from  3  to  10;  R3  is  hydrogen ,   a l ky l   c o n t a i n i n g   from  1  t o  
about  20  carbon  atoms,  a l k e n y l   c o n t a i n i n g   from  2  to   a b o u t  
20  carbon  atoms,   a ry l   ( e . g . ,   phenyl  and  n a p h t h y l ) , p h e n y -  
l e t h e n y l ,   b e n z y l ,   ha logen   (e .g .   c h l o r i n e ,   bromine,   and 
f l u o r i n e ) ,   amino,  s u b s t i t u t e d   amino  ( e . g . ,   d i m e t h y l a m i n o ,  
d i e t h y l a m i n o ,   N - h y d r o x y - N - e t h y l a m i n o ,   a c e t y l a m i n o ) ,   -CH2COOH. 
-CH2PO3H2, - CH(PO3H2)  (OH)  or  -CH2CH(PO3H2)2;  and  R4  i s  
hydrogen ,   lower  a l ky l   ( e . g . ,   c h l o r i n e ,   bromine  and  f l u o r i n e ) ,  
h y d r o x y l ,   -CH2COOH,  -CH2PO3H2,  or  -CH2CH2PO3H2. 

Ope rab l e   p o l y p h o s p h o n a t e s   of  the  above  formula  ( i )  
i n c l u d e   p r o p a n e - l , 2 , 3 - t r i p h o s p h o n i c   ac id ;   b u t a n e - 1 , 2 , 3 , 4 -  
t e t r a p h o s p h o n i c   a c id ,   h e x a n e - 1 , 2 , 3 , 4 , 5 , 6 - h e x a p h o s p h o n i c   a c i d ;  
h e x a n e - l - h y d r o x y - 2 , 3 , 4 , 5 , 6 - p e n t a p h o s p h o n i c   ac id ;   h e x a n e - 1 , 5 -  
d i h y d r o x y - 2 , 3 , 4 , 5 - t e t r a p h o s p h o n i c   ac id ;   p e n t a n e - 1 , 2 , 3 , 4 , 5 -  
p e n t a p h o s p h o n i c   ac id ;   h e p t a n e - l , 2 , 3 , 4 , 5 , 6 , 7 - h e p t a p h o s p h o n i c  
ac id ;   o c t a n e - l ' , 2 , 3 , 4 , 5 , 6 , 7 , 8 - o c t a p h o s p h o n i c   ac id ;   n o n a n e -  
1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 - n o n a p h o s p h o n i c   ac id ;   d e c a n e - 1 , 2 , 3 , 4 , 5 , 6 , -  



7 , 8 , 9 , 1 0 - d e c a p h o s p h o n i c   ac id ;   and  the  s a l t s   of  t h e s e   a c i d s ,  
e . g . ,   sodium,  p o t a s s i u m ,   ca l c ium,   magnesium,  ammonium,  t r i -  
e thanolammonium,   d i e thano lammonium,   and  monoethanolammonium 
s a l t s .  

Among  the  o p e r a b l e   p o l y p h o s p h o n a t e s   encompassed  by  t h e  
above  fo rmula   ( i i )   are  e t h a n e - l - h y d r o x y - 1 ,   1 - d i p h o s n h o n i c  
ac id ;   m e t h a n e d i p h o s p h o n i c   ac id ;   m e t h a n e h y d r o x y d i p h o s p h o n i c  
ac id ;   e t h a n e - 1 , 1 , 2 - t r i p h o s p h o n i c   a c i d ;   p r o p a n e - 1 , 1 , 3 , 3 -  
t e t r a p h o s p h o n i c   a c id ;   e t h a n e - 2 - p h e n y l - 1 , 1   d i p h o s p h o n i c  

a c i d i e t h a n e - 2 - n a p h t h y l - 1 ,   1 - d i p h o s p h o n i c   a c i d ;   m e t h a n e p h e n y l -  
d i p h o s p h o n i c   ac id ;   e t h a n e - l - a m i n o - 1 ,   1 - d i p h o s p h o n i c   a c i d  
m e t h a n e d i c h l o r o d i p h o s p h o n i c   ac id ;   n o n a n e - 5 , 5 - d i p h o s p h o n i c  
ac id ;   n - p e n t a n e - 1 , 1 - d i p h o s p h o n i c   a c i d ;   m e t h a n e d i f l u o r o d i p h o s -  
phonic   a c i d ;   m e t h a n e d i b r o m o d i p h o s p h o n i c   a c id ;   p r o p a n e - 2 , 2 -  
d i p h o s p h o n i c   ac id ;   e t h a n e - 2 - c a r b o x y - 1 ,   1 - d i p h o s p h o n i c   a c i d ;  
p r o p a n e - l - h y d r o x y - l , 1 , 3 - t r i p h o s p h o n i c   a c i d ;   e t h a n e - 2 , h y d r o x y -  
1 , 1 , 2 - t r i p h o s p h o n i c   a c id ;   e t h a n e - 1 - h y d r o x y - 1 , 1 , 2 - t r i p h o s g h o n i c  
ac id ;   p r o p a n e - 1 , 3 - d i p h e n y l - 2 ,   2 - d i p h o s p h o n i c   a c id ,   n o n a n e - 1 ,  
1 - d i p h o s p h o n i c   ac id ;   h e x a d e c a n e - 1 ,   1 - d i p h o s p h o n i c   ac id ;   p e n t -  
4 - e n e - 1 - h y d r o x y - 1 ,   1 - d i p h o s p h o n i c   a c i d ;   o c t a d e c - 9 - e n e - l -  
h y d r o x y - 1 , 1 - d i p h o s p h o n i c   ac id ;   3 - p h e n y l - l ,   1 - d i p h o s p h o n o p r o p -  
2-ene;   o c t a n e - 1 , 1 - d i p h o s p h o n i c   a c i d ;   d o d e c a n e - 1 , 1 - d i p h o s p h o n i c  
ac id ;   p h e n y l a m i n o m e t h a n e d i p h o s p h o n i c   a c id ;   n a p h t h y l a m i n o -  
m e t h a n e - d i p h o s p h o n i c   ac id ;   N , N - d i m e t h y l a m i n o m e t h a n e d i p h o s p h o n i c  
ac id ;   N - ( 2 - h y d r o x y e t h y l ) - a m i n o m e t h a n e d i p h o s p h o n i c   a c i d ;  
N - a c e t y l a m i n o m e t h a n e d i p h o s p h o n i c   ac id ;   a m i n o m e t h a n e d i p h o s -  
phonic   a c i d ;   and  the  s a l t s   of  t he se   a c i d s ,   e . g . ,   s o d i u m ,  
p o t a s s i u m ,   c a l c i u m ,   magnesium, ammonium,  t r i e t h a n o l a m m o n i u m ,  
d i e thano lammonium  and  monoethanolammonium  s a l t s .  

M i x t u r e s   of  any  of  the  f o r e g o i n g   p h o s p h o n i c   ac ids   a n d / o r  
s a l t s   can  be  used  in the  c o m p o s i t i o n s   of  t h i s   i n v e n t i o n .  
Methods  of  p r e p a r i n g   t he se   c l a s s e s   of  m a t e r i a l s   are  d e s -  
c r i b e d   in  U.S.  P a t e n t   No.  3 , 4 8 8 , 4 1 9 .  

For  the  pu rpose   of  t h i s   i n v e n t i o n ,   i t   is  p r e f e r r e d   t h a t  
the  p o l y p h o s p h o n a t e s  a r e   f ree   of  hyd roxy l   g r o u p s .  

Ano the r   u s e f u l   and  p r e f e r r e d   c l a s s   of  p o l y p h o s p h o n a t e s  
are  the  a m i n o t r i a l k y l i d e n e   p h o s p h o n a t e s ;   t he se   i n c l u d e   a c i d s  
of  the  g e n e r a l  f o r m u l a  



wherein   R5  and  R6  r e p r e s e n t   hydrogen  or  C1-C4  a lky l   r a d i c a l s .  
Examples  of  compounds  w i t h i n . t h i s   g e n e r a l   c l a s s   are  a m i n o t r i -  
( m e t h y l e n e p h o s p h o n i c   a c i d ) ,   a m i n o t r i - ( e t h y l i d e n e p h o s p h o n i c  
acid)  and  a m i n o m o n o - ( m e t h y l e n e p h o s p h o n i c   acid)  d i - ( i s o p r o p y -  
l i d e n e p h o s p h o n i c   a c i d ) .  

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

where in   n  is  an  from  1  to  14,  and  each  R  is  i n d i v i d u a l l y  
hydrogen  or  CH2PO3H2  or  a  w a t e r - s o l u b l e   s a l t   t h e r e o f ,   p r o -  
vided  t h a t   at  l e a s t   ha l f   of  the  r a d i c a l s   r e p r e s e n t e d   by  R 
are  CH2PO3H2  r a d i c a l s   or  w a t e r - s o l u b l e   s a l t s   t h e r e o f .  
E s p e c i a l l y   p r e f e r r e d   is  the  p o l y p h o s p h o n a t e   having  t h e  
g e n e r a l l y   f o r m u l a  

wherein each  R1  is  CH2PO3H2 or  a  w a t e r - s o l u b l e   s a l t   t h e r e o f .  
Other  s u i t a b l e   p o l y p h o s p h o n a t e s   are  t h o s e   d e r i v e d   f rom 

t r i e t h y l e n e   t e t r a m i n e ,   t e t r a e t h y l e n e   p e n t a m i n e ,   p e n t a e t h y l e n e  
hexamine,   and  p o l y e t h y l e n e i m i n e s   such  as  Montrex  600,  a  t r a d e  
mark  of  Dow  Chemical   Co.,  for  a  p o l y e t h y l e n e i m i n e   of  m o l e c u l a r  
weight   about   600 .  

The  p o l y p h o s p h o n a t e   is  p r e f e r a b l y   added  to  the  c o m p o s i t i o n s  
of  the  i n v e n t i o n   at  a  l eve l   of  at  l e a s t   0.1%  and  g e n e r a l l y   a t  
a  l eve l   in  the  range   from  about  0.2  to  about  3.5  wt.  %,  more  
p r e f e r a b l y   from  about   0.5  to  about  2.2  wt.  %  of  the  compo- 
s i t i o n .  
Op t iona l   Components  

It  is  to  be  u n d e r s t o o d   t ha t   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  be  supp lemen ted   by  a l l   manner  of  d e t e r g e n t  
components ,   e i t h e r   by  i n c l u d i n g   such  components  in  t h e  



aqueous  s l u r r y   for   spray   d r y i n g   or  by  admixing  such  c o m p o n e n t s  
with  the  c o m p o s i t i o n s   of  the  i n v e n t i o n   f o l l o w i n g   the  d r y i n g  
s t ep .   Soi l   s u s p e n d i n g   a g e n t s   at  about   0.1%  to  10%  by  w e i g h t  
such  as  w a t e r - s o l u b l e   s a l t s   of  c a r b o x y m e t h y l c e l l u l o s e ,   c a r b o x y -  
h y d r o x y m e t h y l c e l l u l o s e ,   and  p o l y e t h y l e n e   g l y c o l s   having  a  
m o l e c u l a r   we igh t   of  about   400  to  10,000  are  common  c o m p o n e n t s  
of  the  p r e s e n t   i n v e n t i o n .   C o m p o s i t i o n s   c o n t a i n i n g   m o n o m e r i c  
p o l y c a r b o x y l a t e s   as  the   b u i l d e r   component  can  a l so   be  s u p p l e -  
mented  by  from  about   0.1%  to  about   4%  of  the  above  d e f i n e d  
p o l y m e r i c   p o l y c a r b o x y l a t e s   as  s o i l   s u s p e n d i n g   a g e n t s ,   e . g .  
Gant rez   AN119.  Dyes,  p igment   o p t i c a l   b r i g h t e n e r s ,   a n d  
per fumes   can  be  added  in  v a r y i n g   amounts  as  d e s i r e d .   S u i t a b l e  
b l e a c h e s   h e r e i n   i n c l u d e   p e r c a r b o n a t e s ,   p e r b o r a t e s ,   and  a c t i -  
v a t o r s   t h e r e f o r e .  

Other  m a t e r i a l s   such  as  f l u o r e s c e r s ,   a n t i s e p t i c s ,   g e r -  
m i c i d e s ,   enzymes  in  minor  amounts ,   a n t i - c a k i n g   a g e n t s   such  a s  
sodium  s u l f o s u c c i n a t e ,   and  sodium  b e n z o a t e   may  a l so   be  a d d e d .  
Enzymes  s u i t a b l e   for   use  h e r e i n   i n c l u d e   those   d i s c u s s e d   i n  
U.S.  P a t e n t s   3 , 5 1 9 , 5 7 0   and  3 ,553 ,139   to  McCarty  and  McCar ty  
et  al  i s s u e d   7  J u l y ,   1970  and  5  J a n u a r y ,   1971  r e s p e c t i v e l y .  

A d d i t i o n a l   i n o r g a n i c   a l k a l i n e   d e t e r g e n c y   b u i l d e r   s a l t s  
can  a l so   be  added,   a l t h o u g h   high  l e v e l s   of  h i g h l y   a l k a l i n e  
b u i l d e r   s a l t s   and  of  phosphorus   c o n t a i r i n g  b u i l d e r   s a l t s  
should   be  a v o i d e d .   In  p a r t i c u l a r ,   the  s o l u t i o n   pH  of  t h e  
c o m p o s i t i o n   shou ld   be  l e s s   than  about   10,  more  p r e f e r a b l y  
in  the  range  from  about   6  to  about   9 .5.   The  ' s o l u t i o n   pH' 
i s  d e f i n e d   as  the  pH  of  a  1%  s o l u t i o n   in  d i s t i l l e d   w a t e r  
of  the  d e t e r g e n t   c o m p o s i t i o n .  

I n o r g a n i c   b u i l d e r   s a l t s   i n c l u d e ,   for  i n s t a n c e ,   a l k a l i  
meta l   c a r b o n a t e s ,   t e t r a b o r a t e s ,   p e n t a b o r a t e s ,   a l u m i n a t e s ,  
b i c a r b o n a t e s ,   s e s q u i c a r b o n a t e s ,   and  water   i n s o l u b l e   z e o l i t e s  

or  a lumino  s i l i c a t e s .   One  such  a lumino  s i l i c a t e   which  i s  
u s e f u l   in  the  c o m p o s i t i o n s   of  the  i n v e n t i o n   is  an  a m o r p h o u s  
w a t e r - i n s o l u b l e   h y d r a t e d   compound  of  the  formula   N a x ( x A l O 2  
ySiO2),   w h e r e i n   x  is  an  i n t e g e r   Qf  from  1  to  1.2  and  y  is  1 ,  
sa id   amorphous  m a t e r i a l   be ing  f u r t h e r   c h a r a c t e r i z e d   by  a 
Mg++  exchange   c a p a c i t y   of  from  about   50  mg  eq.  CaC03/g  
to  about   150  mg  eq.  CaC03/g.  This  ion  exchange  b u i l d e r  
is  more  f u l l y   d e s c r i b e d   in  I r e l a n d   p u b l i s h e d   p a t e n t   a p p l i -  
c a t i o n   1505 /74 ,   to  B.H.  Gedge  et  al  f i l e d   16  J u l y ,   1 9 7 4 ,  
h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .  



A  second  w a t e r - i n s o l u b l e   s y n t h e t i c   a l u m i n o s i l i c a t e   i o n  
exchange  m a t e r i a l   u s e f u l   he re in   has  the  formula  Na  (AlO2)2 .  
(Si02)y  xH2O,  where in   z  and  y  a r e   i n t e g e r s   of  at  l e a s t   6; 
the  molar  r a t i o   of  z  to  y  is  in  the  range  from  1.0  to  a b o u t  
0 .5 ,   and  x  is  an  i n t e g e r   from  about  15  to  about  264;  s a i d  
a l u m i n o s i l i c a t e   ion  exchange  m a t e r i a l   having  a  p a r t i c l e   s i z e  
d i a m e t e r   from  about  0.1  micron  to  about  100  mic rons ;   a  c a l c i u m  
ion  exchange  c a p a c i t y   of  a t  l e a s t   about  200  mg  e q . / g ;   and  a  
ca lc ium  ion  exchange  r a t e   of  at  l e a s t   about  2  g r a i n s / g a l l o n /  
m inu te /g r am  as  d e s c r i b e d   in  Belg ian   P a t e n t   814,874  h e r e i n  
i n c o r p o r a t e d   by  r e f e r e n c e .  

I n o r g a n i c   phospha t e   b u i l d e r s   can  a l so   be  i n c l u d e d   i n  
the  p r e s e n t   c o m p o s i t i o n s ,   a l though   they  should  only  be  
added  in  minor  amounts  such  tha t   the  t o t a l   phosphous  c o n t e n t  
is  l ess   than  6%  and  p r e f e r a b l y   l ess   than  3%  by  weight   o f  
the  c o m p o s i t i o n .   The  p o l y p h o s p h a t e s   can  be  s e l e c t e d   f rom 
both  chain  p o l y p h o s p h a t e s   such  as  t r i p o l y p h o s p h a t e s ,   t e t r a -  
p o l y p h o s p h a t e   and  p e n t a p o l y p h o s p h a t e ,   and  m e t a p h o s p h a t e s   s u c h  
as  t e t r a m e t a p h o s p h a t e ,   p e n t a m e t a p h o s p h a t e   and  h e x a m e t a p h o s p h a t e .  
Higher  p o l y p h o s p h a t e s   having  the  e m p i r i c a l   formulae   Na16P14O43 
and  Na12P10O31  can  a lso   be  used.  Mix tu res   of  chain  p o l y p h o s -  
pha tes   and  m e t a p h o s p h a t e   can  also  be  u s e d .  

P r e f e r r e d   p o l y p h o s p h a t e s   are  the  chain  p o l y p h o s p h a t e s  
having  from  3  to  9  p r e f e r a b l y   from  4  to  6  phosphorus   a t o m s /  
m o l e c u l e .   A  p a r t i c u l a r l y   s u i t a b l e   m a t e r i a l   is  P h o s p h a t e  
Glass  627  ( b e l i e v e d   to  be  a  sodium  p e n t a p h o s p h a t e )   m a r k e t e d  
by  A l b r i g h t   and  Wilson  which  is  added  in  l e v e l s   up  to  10%, 
e s p e c i a l l y   up  to  4%  by  weight   of  the  c o m p o s i t i o n   g iv ing   b e n e f i t s  

p a r t i c u l a r l y   in  p a r t i c u l a t e   clay  removal  p e r f o r m a n c e .  
Organic  c a r b o x y l a t e s   or  p o l y c a r b o x y l a t e s   having  pKl 

g r e a t e r   than  9  can  a lso   be  added,  eg . ,   n i t r i l o t r i a c e t a t e s   o r  
o l e f i n / m a l e i c   acid  copo lymers .   Such  a d d i t i o n a l   b u i l d e r s   a r e  
p r e f e r a b l y   only  p r e s e n t   in  small  amounts,   however,   eg. ,   up  t o  
about  8%  by  weight   of  the  c o m p o s i t i o n .  

A  f u r t h e r   o p t i o n a l   component  of  the  p r e s e n t   c o m p o s i t i o n s  
is  a  suds  d e p r e s s a n t . .   Soap  is  an  e f f e c t i v e   suds  d e p r e s s a n t ,  
e s p e c i a l l y   C16-22  soaps,   for  i n s t a n c e   those   d e r i v e d   by  n e u t -  
r a l i s a t i o n   of  Hyfac  ( t r ade   name)  f a t t y  a c i d s .   These  are  h a r d e n e d  
marine  f a t t y   ac ids   of  chain  l ength   p r e d o m i n a n t l y   C18  to  C20.  
However,  non-soap   suds  d e p r e s s a n t s   are  p r e f e r r e d .   A  p r e f e r r e d  
suds  d e p r e s s a n t   compr i ses   s i l i c o n e s .   In  p a r t i c u l a r ,   t h e r e   may 
be  employed  a  p a r t i c u l a t e   suds  d e p r e s s a n t   compr i s ing   s i l i c o n e  
and  s i l i c a   r e l e a s a b l y   enc lo sed   in  a  water  s o l u b l e   or  w a t e r  
d i s p e r s a b l e  s u b s t a n t i a l l y   n o n - s u r f a c e   a c t i v e   d e t e r g e n t - i m p e r m e a b l e  
c a r r i e r .   Suds  d e p r e s s i n g   agents   of  t h i s   type  are  d i s c l o s e d   i n  



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   1 ,407 ,997   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 .  

A  very  s u i t a b l e   g r a n u l a r   ( p r i l l e d )   suds  d e p r e s s a n t  
p r o d u c t   compr i ses   7%  s i l i c a / s i l i c o n e   (85%  by  weight   s i l a -  
n a t e d   s i l i c a ,   15%  s i l i c o n e   o b t a i n e d   from  Messrs .   Dow 
C o r n i n g ) ,   65% sodium  t r i p o l y p h o s p h a t e ,   25%  t a l l o w   a l c o h o l  

(EO)25  (ie.   condensed   with  25  molar  p r o p o r t i o n s   of  e t h y -  
l e n e   o x i d e ) ,   and  3%  m o i s t u r e .   Also  s u i t a b l e   and  p r e f e r r e d  
i s   a  c o m b i n a t i o n   of  0.02%  to  5%  by  we igh t ,   e s p e c i a l l y   a b o u t  
0.3%  of  the  c o m p o s i t i o n ,   of  a  s u b s t a n t i a l l y   water   i n s o l u b l e  
wax  or  m i x t u r e   of  waxes,  m e l t i n g   at  f rom 35°C  to  125°C,  a n d  
hav ing   s a p o n i f i c a t i o n   va lue   l e s s   than  100,  and  a  s u d s  
d e p r e s s i n g   amount,   u s u a l l y   about  2%  of  the  c o m p o s i t i o n ,  
of  p a r t i c u l a t e   suds  d e p r e s s a n t   ment ioned   a b o v e .  

Another   d e s i r a b l e   component  of  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   is  a  w a t e r - s o l u b l e   c a t i o n i c   s u r f a c t a n t . s u c h   as  t h o s e  
d e s c r i b e d   in  European  P a t e n t   A p p l i c a t i o n   No.  78  200  0 5 0 . 9 .  

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 .   The  c a t i o n i c  
s u r f a c t a n t ,   when  used  in  c o m b i n a t i o n   with  a n i o n i c   and  n o n -  
i o n i c   s u r f a c t a n t s   in  d e f i n e d   r a t i o s   and  amounts ,   i m p r o v e s  
the  o i l   s t a i n   d e t e r g e n c y   p e r f o r m a n c e   of  the  f o r m u l a t i o n .  
P r e f e r r e d   c a t i o n i c   s u r f a c t a n t s   have  the  g e n e r a l   f o r m u l a  

w h e r e i n   R1  i s   s e l e c t e d   from  C8-20  a l k y l ,   a l k e n y l   and  a l k a r y l  
g r o u p s ;   R   is  s e l e c t e d   from  Cl-4  a l k y l ,  
and  b e n z y l ;   A  is  an  anion;   and  m  is  1 ,2 ,   or  3;  p r o v i d e d   t h a t  
when  m  is  2,  R1  has  l e s s   than  15  carbon  a toms,   and  when  m 
is  3,  R  has  l e s s   than  9  carbon  a t o m s .  

C12  and  C 1 4  a l k y l   t r i m e t h y l   ammonium  s a l t s   are  h i g h l y  
p r e f e r r e d .  

In  p r e p a r i n g   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   of  t h e  
i n v e n t i o n   the  components   may  be  mixed  t o g e t h e r   in  any  o r d e r  
and  in  powdery  or  in  f l u i d   form,  eg.  in  an  aqueous  d i s p e r s i o n .  
The  c o m p o s i t i o n   may  be  sp rayed   d r i e d ,   drum  d r i e d ,   f r e e z e  
d r i ed   or  d r i e d   by  o the r   means,  to  p r o v i d e   a  g r a n u l a r   compo-  



s i t i o n .   Usua l ly   a  m o i s t u r e   c o n t e n t   of  about  3%  to  about   10% 
is  s u i t a b l e   to  p rov ide   n o n - s t i c k y   f r e e - f l o w i n g   g r a n u l e s .  

L iquid   d e t e r g e n t   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   c a n  
c o n t a i n ,   as  o p t i o n a l   i n g r e d i e n t s ,   o rgan ic   c a r r i e r s   o r  
s o l v e n t s   such  as  lower  a l i p h a t i c   a l coho l s  hav ing   from  2  t o  
6  carbon  atoms  and  1  to  3  hydroxyl   groups;   e t h e r s   of  d i e -  
t h y l e n e   g l y c o l   and  lower  a l i p h a t i c   mono-a l coho l s   h a v i n g  
from  1  to  4  carbon  atoms;  and  m ix tu r e s   t h e r e o f .   L i q u i d  
c o m p o s i t i o n s   can  a l so   c o n t a i n   h y d r o t r o p e s   such  as  the  w a t e r -  
s o l u b l e   a l k y l a r y l   s u l f o n a t e s   having  up  to  3  carbon  atoms  i n  
an  a l k y l   group  such  as  sodium,  p o t a s s i u m ,   ammonium  and  
e t h a n o l   amine  s a l t s   of  x y l e n e - ,   t o l u e n e - ,   e t h y l b e n z e n e -  
and  i s o p r o p y l b e n z e n e   s u l f o n i c   a c i d s .  



EXAMPLES  1 -7  
B u i l t   l o w - s u d s i n g   d e t e r g e n t   c o m p o s i t i o n s   were  p r e p a r e d  

Maving  the  fo rmulae   given  below.  To  make  the  p r o d u c t s   a 
s l u r r y   was  p r e p a r e d   c o n t a i n i n g   a l l   the  components  e x c e p t  
the  b l e a c h   and  enzyme  and  the  s l u r r y   was  then  spray  d r i e d  

co  form  a  g r a n u l a r   i n t e r m e d i a t e .   Bleach  and  enzyme  were  d r y  
mixed  with  the  i n t e r m e d i a t e   g r a n u l e s   to  form  the  s t a t e d   com- 
p o s i t i o n .   All  f i g u r e s   are  g i v e n  a s  %   by  w e i g h t .  



P r o d u c t s   with  enhanced  p e r f o r m a n c e   are  o b t a i n e d   when 
the  sodium  a l k y l   benzene  s u l p h o n a t e   is  r e p l a c e d   by  C10-22  
o l e f i n e   s u l p h o n a t e s ,   C10-20  p a r a f f i n   s u l p h o n a t e s ,   and  by  
z w i t t e r i o n i c   d e t e r g e n t s   such  as  C10-18  a lky l   d i m e t h y l  
ammonium  propane   s u l p h o n a t e   or  hyd roxypropane   s u l p h o n a t e .  

Enhanced  p e r f o r m a n c e   is  a lso  o b t a i n e d   when  Gantrez   AN119 
is  r e p l a c e d   by,  as  t h e i r   sodium  s a l t s ,   a  copolymer  of  m e t h y l  
m e t h a c r y l a t e   and  male ic   a c i d ,   the  molar  r a t i o   of  the  mono-  
mers  being  about   1:1,  of  m o l e c u l a r   we igh t   about  10,000;   a 
1:3  copolymer   of  a c r y l i c   ac id   and  i t a c o n i c   ac id ;   a  1:4  c o p o l y -  
mer  of  3 - b u t e n o i c   ac id   and  m e t h y l e n e m a l o n i c   ac id ;   a  1 : 9  

copolymer  of  i s o c r o t o n i c   ac id   and  c i t r a c o n i c   ac id ;   a  1 . 2 : 1  

copolymer  of  4 - p e n t e n o i c   ac id   and  i t a c o n i c   ac id ;   and  p o l y  
(a -hydroxy   a c r y l i c   acid)  having  a  m o l e c u l a r   weight   of  a b o u t  

5 0 , 0 0 0 .  
Enhanced  p e r f o r m a n c e   is  a lso   o b t a i n e d   when,  in  the  a b o v e  

examples ,   t r i s o d i u m   c i t r a t e   is  r e p l a c e d   by  the  same  l e v e l s   o f  



the  w a t e r - s o l u b l e   s a l t s   of  l a c t i c   ac id ,   g l y c o l l i c   a c i d ,  
s u c c i n i c   ac id ,   malonic   a c id ,   ( e t h y l e n e d i o x y )   d i a c c t i c   a c i d ,  
male ic   ac id ,   d i g l y o l l i c   a c id ,   t a r t a r i c   ac id ,   t a r t r o n i c   a c i d ,  
fumaric   ac id ,   a c o n i t i c   a c i d , c i t r a c o n i c   ac id ,   c a r b o x y m e t h y l o x y -  
s u c c i n i c   ac id ,   l a c t o x y s u c c i n i c   ac id ,   2 - o x a - 1 , 1 , 3 - p r o p a n e   t r i -  
c a r b o x y l i c   a c i d ,  

1 , 1 , 2 , 2 - e t h a n e  t e t r a c a r b o x y l i c   a c id ,   1 , 1 , 3 , 3 - p r o p a n e  
t e t r a c a r b o x y l i c   ac id ,   1 , 1 , 2 , 3 - p r o p a n e   t e t r a c a r b o x y l i c   a c i d ,  

C i t r ex   S5,  marke ted   by  C i t r i q u e   Belge,   c y c l o p e n t a n e - c i s , c i s ,  
c i s - t e t r a c a r b o : : y l i c   a c id ,   c y c l o p e n t a d i e n i d e   p e n t a c a r b o x y l i c  
ac id ,   2 , 3 , 4 , 5 - t e t r a h y d r o f u r a n  -   c i s ,   c i s ,   c i s - t e t r a c a r b o x y l i c  
ac id ,   2 , 5 - t e t r a h y d r o f u r a n  -   c i s  -   d i c a r b o x y l i c   a c i d ,   2 , 2 , 5 ,  
5 - t e t r a h y d r o f u r a n  -   t e t r a c a r b o x y l i c   a c id ,   1 , 2 , 3 , 4 , 5 , 6 - h e x a n e  
-  h e x a x a r b o x y l i c   ac id ,   m e l l i t i c   ac id ,   or  p y r o m e l l i t i c   a c i d .  
EXAMPLES  8-13  
Granu la r   d e t e r g e n t   c o m p o s i t i o n s   were  p r e p a r e d   having  the  f o l l o w i n g  
f o r m u l a t i o n s .  



The  c o m p o s i t i o n s   of  the  above  Examples  a l l   p rov ide   good 
d e t e r g e n c y   p e r f o r m a n c e ,   p a r t i c u l a r l y   on  b l e a c h a b l e   type  s o i l s   and  
s t a i n s   and  at  low  wash  t e m p e r a t u r e s   compared  with  c o m p o s i t i o n s  
c o n t a i n i n g   no  p o l y p h o s p h o n a t e   m a t e r i a l .  

S i m i l a r   r e s u l t s   are  ach ieved   when  the  t r i p o l y p h o s p h a t e  
is  r e p l a c e d   by  a  P12  g l a s s y   phospha t e .   The  a n i o n i c   n o n i o n i c  
a c t i v e   sys tems  of  Examples  10-13  can  be  r e p l a c e d   by  a l l   n o n i o n i c  
sys tems ,   for  example,   with  Dobanol  45-E-7  alone  or  with  8:1  m i x t u r e s  
of,  for  example,   Dobanol  4 5 - E - 7 ' a n d   Dobanol  45-E-4.   The  Z e o l i t e   A 
in  Examples  8-10,  12  and  13  can  be  r e p l a c e d   in  whole  or  in  par t   by 
an  amorphous  sodium  a l u m i n o s i l i c a t e .   Enhanced  pe r fo rmance   is  a l s o  
o b t a i n e d   when  l a u r y l   t r i m e t h y l   ammonium-chlor ide   is  r e p l a c e d   by 
m y r i s t y l   t r i m e t h y l   ammonium  bromide,   decyl  t r i m e t h y l   ammonium 
c h l o r i d e ,   d i o c t y l   d i m e t h y l   ammonium  bromide,   l a u r y l   d i c h l o r o -  
benzyl   d ime thy l   ammonium  c h l o r i d e ,   and  c e t y l   t r i m e t h y l   ammonium 
e t h o s u l p h a t e .   Enhanced  pe r formance   is  a lso  o b t a i n e d   when  t r i s o d i u m  
c i t r a t e   is  r e p l a c e d   by  d isodium  s u c c i n a t e ,   t r i 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 ,   t r i s o d i u m   2 - o x a - 1 , 1 , 3 - p r o p a n e - t r i c a r b o x y l a t e ,   and  

C i t r e x   S - 5 .  



1.  A  d e t e r g e n t   c o m p o s i t i o n   having  a  phosphorus   c o n t e n t  
of  no  more  than  6%,  and  a  pH  in  1%  aqueous  s o l u t i o n   o f  
l e s s   than  10  w h i c h  c o m p r i s e s  
(a)  from  2  to  75% of  an  o r g a n i c   d e t e r g e n t   s e l e c t e d   f rom 

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

(b)  from  4  to  50%  of  a  c a r b o x y l a t e   or  p o l y c a r b o x y l a t e  
b u i l d e r   hav ing   a  f i r s t   c a r b o x y l   l o g a r i t h m i c   a c i d i t y  
c o n s t a n t   (pk1).  of  l e s s   than  9,  and  

(c)  from  0.01  to  4%  of  a  p o l y p h o s p h c n i c   acid   or  s a l t  
t h e r e o f .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to  Claim  1  in  which  t h e  
c a r b o x y l a t e   b u i l d e r   has  a  pk1  in  the  range  from  2  to  8 . 5 .  
3.  A  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  having  a  pH 
in  1%  aqueous  s o l u t i o n   in  the  range  form  6  to  9 . 0 .  
4.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  
in  which  the  c a r b o x y l a t e   b u i l d e r   has  a  l o g a r i t h m i c  
ca lc ium  s t a b i l i t y   c o n s t a n t   in  the  range  from  2  to  7. 
5.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  
in  which  the  c a r b o x y l a t e   b u i l d e r   is  an  o r g a n i c   m o n c m e r i c  
or  o l i g o m e r i c ,   a c y c l i c ,   a l i c y c l i c   h e t e r o c y c l i c   or  a r o m a t i c  
c a r b o x y l a t e   h a v i n g - t h e   g e n e r a l   f o r m u l a  

o r  

where in   R1  r e p r e s e n t s   H;C1-30  a l k y l   or  a l k e n y l   o p t i o n a l l y  
s u b s t i t u t e d   by  hydroxy,   ca rboxy ,   su l fo   or  phosphono  g r o u p s  

or  a t t a c h e d   to  a  p o l y e t h y l e n e o x y   moity  c o n t a i n i n g   up  to  20 

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



R  r e p r e s e n t s   H;C1-4  a l k y l   or  a lkeny l   or  hydroxy  a lky l   o r  
a l k a r y l ;   s u l f o ;   or  phosphono  g r o u p s  
X  r e p r e s e n t s   a  s i n g l e   bond;  O;  S;  SO;  SO2:  or  NR1 
Y  r e p r e s e n t s   H;  ca rboxy;   hydroxy;  ca rboxymethy loxy ;   o r  

C1-30  a l k y l   or  a l k e n y l   o p t i o n a l l y   s u b s t i t u t e d   by  h y d r o x y  
or  carboxy  g r o u p s  
Z  r e p r e s e n t s   H;  or  c a r b o x y  
m  is  an  i n t e g e r   from  1  to  10 

n  is  an  i n t e g e r   from  3  to  6 

p,q  are  i n t e g e r s   from  0  to  6,p  +  q  being  from  1  to  6  and  

w h e r e i n   X,  Y,  Z  each  have  the  same  or  d i f f e r e n t   r e p r e s e n t a t i o n s  

when  r e p e a t e d   in  a  given  m o l e c u l a r   f o r m u l a .  
6.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   Claim  in  wh ich  
the  c a r b o x y l a t e   b u i l d e r   is  a  w a t e r - s o l u b l e   s a l t   of  c i t r i c  
ac id ,   s u c c i n i c  a c i d ,   malonic   ac id ,   maleic   ac id ,   fumaric   a c i d ,  
g l y c o l l i c   a c id ,   t a r t a r i c   acid  or  l a c t i c   ac id ,   or  of  a  d e r i v a t i v e  
of  any  sa id   a c id ,   or  a  mix tu re   of  sa id   acid  s a l t s .  
7.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   Claim  in  which  
the  c a r b o x y l a t e   b u i l d e r   is  a  homo-  or  copo lymer i c   p o l y c a r b o x y -  
l a t e   having  a  m o l e c u l a r   weight   of  at  l e a s t   500  c o m p r i s i n g  
c a r b o x y l i c   acid   u n i t s ,   or  s a l t s   t h e r e o f ,   having  the  g e n e r a l  
f o r m u l a :  

where in   X,  Y,  and  Z  are  each  s e l e c t e d   from  the  group  c o n -  
s i s t i n g   of  hydrogen ,   me thy l ,   a r y l ,   a l k a r y l ,   c a r b o x y l ,   h y d r o x y l  
and  c a r b o x y m e t h y l ;   at  l e a s t   one  of  X,  Y,  and  Z  being  s e l e c t e d  
from  the  group  c o n s i s t i n g   of  ca rboxyl   and  c a r b o x y m e t h y l ,  
p rov ided   t h a t   X  and  Y  can  be  ca rboxymethyl   only  when  Z  i s  
s e l e c t e d   from  c a r b o x y l   and  ca rboxymethy l   and  wherein  o n l y  
one  of  X,  Y,  and  Z  can  be  methyl ,   a r y l ,   hydroxyl   and  a l k a r y l .  
8.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   Cla im 
c o m p r i s i n g   from  3  to  30%  of  the  c a r b o x y l a t e  b u i l d e r .  
9.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   Claim  i n  
which  the  p o l y p h o s p h o n a t e   has  the  gene ra l   f o r m u l a  

where in   N  i s  a n   i n t e g e r   from  1  to  14  and  each  R  is  i n d i v i d u a l l y  
hydrogen  or  CH2PO3H2  or  a  w a t e r - s o l u b l e   s a l t   t h e r e o f ,   p r o v i d e d  

tha t   at  l e a s t   ha l f   of  the  r a d i c a l s   r e p r e s e n t e d   by  R  a r e  



CH3PO3H2  or  w a t e r - s o l u b l e   s a l t s   t h e r e o f .  
10.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m  
c o m p r i s i n g   from  0.2  to  3.5%  of  the  p o l y p h o s p h o n i c   ac id   o r  
s a l t   t h e r e o f .  




	bibliography
	description
	claims
	search report

