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Technica l   F i e l d  

The  p r e s e n t   Invent ion   re la tes   to  g r a n u l a r   d e t e r g e n t s   c o n t a i n -  

ing  o rgan i c   s u r f a c t a n t ,   p y r o p h o s p h a t e   b u i l d e r ,   low  levels   of  a l k a l i  

metal  s i l ica te ,   and  a  p o l y a c r y l a t e   po lymer .   The  c o m p o s i t i o n s  

he re in   are  p r e p a r e d   by  d r y i n g   an  a q u e o u s   s l u r r y   c o m p r i s i n g   t h e  

c o m p o n e n t s .   While  the  compos i t ions   are  p r e f e r a b l y   s u b s t a n t i a l l y  

free  of  o r t h o p h o s p h a t e s ,   they  can  conta in   minor  a m o u n t s   of  s u c h  

material   p r o v i d e d   the  weight   ratio  of  p y r o p h o s p h a t e   to  o r t h o -  

p h o s p h a t e   is  at  least   about   5 :1 .  

P y r o p h o s p h a t e s   are  known  to  be  po ten t i a l ly   more  e f f i c i e n t  

b u i l d e r s   than  the  t r i p o l y p h o s p h a t e s   commonly  used  in  d e t e r g e n t s  

due  to  the i r   abi l i ty   to  remove  more  calcium  and  m a g n e s i u m   i o n s  
f r o m  t h e   l a u n d e r i n g   solution  per  unit   of  P2O5.  T h e y   do  s o ,  

h o w e v e r ,   by  p r e c i p i t a t i n g   these   ions  as  insoluble   p h o s p h a t e s  

( e . g . ,   dicalcium  p y r o p h o s p h a t e )   w h e r e a s   the  t r i p o l y p h o s p h a t e s  

re ta in   them  in  solut ion  as  complex  ions.  These   p r e c i p i t a t e s   c a n  

build  up  on  f ab r i c s   over  a  per iod  of  time  and  cause  u n d e s i r a b l e  

e f f e c t s ,   such  as  g r e y n e s s   and  h a r s h n e s s   of  feel,  u n l e s s   a n t i r c -  

depos i t ion   agen t s   are  added  to  d e t e r g e n t s   con ta in ing   p y r o p h o s -  

p h a t e s .  

P y r o p h o s p h a t e - b u i l t   g r a n u l a r   d e t e r g e n t s   have  often  c o n t a i n e d  

high  levels  ( e . g . ,   10%  by  weight )   of  alkali  metal  s i l i c a t e s   t o  

p rov ide   optimum  g r a n u l e   s t r u c t u r e   and  p r o c e s s i n g .   It  is  b e l i e v e d  

that   when  a  c r u t c h e r   mix  con ta in ing   s i l icate  is  s p r a y - d r i e d ,   t h e  

si l icate  dr ies   to  a  tough  film  capable   of  cement ing   f i ne ly   c r y s -  

tall ine  g r a n u l e   walls  t o g e t h e r .   This  r e s u l t s   in  g r a n u l e s   h a v i n g  

very   d e s i r a b l e   physica l   p r o p e r t i e s ,   i .e ,   c r i sp ,   du r ab l e   and  f r e e -  

flowing  g r a n u l e s .   Si l icates  having  lower  SiO2  to  alkali  metal  o x i d e  

molar  rat ios  ( e . g . ,   1 . 6 -2 .0 )   are  usual ly   se lec ted   b e c a u s e   they  a r c  

more  w a t e r - s o l u b l e   than  the  h igher   ratio  s i l i ca tes .   H o w e v e r ,  

e x p o s u r e   of  the  sil icate  to  carbon  dioxide  d u r i n g   d r y i n g   a n d  

s to r age   can  shif t   its  ratio  to  a  h ighe r   va lue ,   r e d u c i n g   s i l i c a t e  



solubi l i ty   and  r e s u l t i n g   in  d e t e r g e n t   g r a n u l e s   which  do  not  c o m -  

pletely  d i s i n t e g r a t e   in  the  l a u n d e r i n g   so lu t ion .   High  levels  o f  

si l icate  in  d e t e r g e n t s   can  thus   cause  an  u n a c c e p t a b l y   high  l e v e l  
of  inso luble   material   be ing  depos i t ed   on  f ab r i c s .   It  is  a p p a r e n t  
that   t h e r e   is  a  c o n t i n u i n g   need  for  the  d e v e l o p m e n t   of  p y r o p h o s -  

p h a t e - b u i l t   g r a n u l a r   d e t e r g e n t s   having  a c c e p t a b l e   g r a n u l e   s t r u c -  

tu re   and  so lub i l i t y ,   and  capable   of  main ta in ing   f ab r i c   w h i t e n e s s .  

B a c k g r o u n d   A r t  

Br i t i sh   Pa t en t   1 , 551 ,239 ,   Bailey  et  al,  p u b l i s h e d   A u g u s t   3 0 ,  

1979,  d i sc loses   v a r i o u s   p o l y c a r b o x y l a t e   m a t e r i a l s ,   Inc lud ing   p o l y -  

a c r y l a t e s ,   as  a n t i r e d e p o s i t i o n   agents   for  d e t e r g e n t s   c o n t a i n i n g  

o r t h o p h o s p h a t e   and  p y r o p h o s p h a t e   in  a  we igh t   ratio  of  from  a b o u t  

9:2  to  3 : 7 .  

U .S .   Pa t en t   4 , 0 1 9 , 9 9 8 ,   Benson  et  al,  i s s u e d  A p r i l   26,  1 9 7 7 ,  
d i s c l o s e s   g r a n u l a r   d e t e r g e n t s   c o n t a i n i n g . p y r o p h o s p h a t e  

and  d i f f i c u l t y   s o l u b l e   s i l i c a t e s .  

Br i t i sh   Pa t en t   1 ,460 ,893 ,   Fos ter ,   p u b l i s h e d   J a n u a r y   6,  1 9 7 7 ,  

d i sc loses   g r a n u l a r   d e t e r g e n t s   conta in ing  o r t h o p h o s p h a t e   a n d / o r  

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

European  p a t e n t   a p p l i c a t i o n   8 2 2 0 0 4 5 8 . 6   d i s c l o s e s   t h e  

use  of  f i lm-forming  po lymers ,   Including  p o l y a c r y l a t e s ,   as  s t r u c -  

tural   aids  to  r ep lace   all  or  par t   of  the  si l icate  in  l o w - p h o s p h a t e  

g r a n u l a r   d e t e r g e n t s   con ta in ing   a l u m i n o s i l i c a t e s .  

Summary   of  the  I n v e n t i o n  

The  p r e s e n t   i nven t ion   encompasses   a  g r a n u l a r   d e t e r g e n t  

composi t ion   c o m p r i s i n g :  

(a)  from  abou t   5%  to  about  50%  by  weight   of  an  o r g a n i c  

s u r f a c t a n t   se lec ted   from  the  g roup   cons i s t ing   of  an ion ic ,   n o n i o n i c ,  

z w i t t e r i o n i c ,   a m p h o l y t i c   and  cationic  s u r f a c t a n t s ,   and  m i x t u r e s  

t h e r e o f ;  

(b)  from  abou t   5%  to  about   80%  by  weight   of  an  alkali  m e t a l  

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

(c)  from  about   0.5%  to  about  6%  by  weight   of  an  a l k a l i   m e t a l  

si l icate  having  a  molar  ratio  of  Si02  to  alkali  metal  oxide  of  f r o m  

about   1.0  to  abou t   3.2;   a n d  



(d)   from  about   0.1%  to  about   5%  by  we igh t   of  a  p o l y a c r y l a t e  

p o l y m e r   soluble  in  an  aqueous   s l u r r y   c o m p r i s i n g   the  above  c o m -  

p o n e n t s   and  having  a  weight   a v e r a g e   molecular   we igh t   of  f r o m  

a b o u t   2,000  to  about   2 0 0 , 0 0 0 ;  

said  compos i t ion   p r e p a r e d   by  d r y i n g   an  a q u e o u s   s l u r r y   c o m p r i s i n g  

the  a b o v e   c o m p o n e n t s ,   and  the  amount  of  o r t h o p h o s p h a t e   in  s a i d  

c o m p o s i t i o n   being  limited  such  that   the  we igh t   ratio  of  p y r o -  

p h o s p h a t e   to  o r t h o p h o s p h a t e   Is  at  least  abou t   5 : t .  

Detailed  Desc r ip t i on   of  the  I n v e n t i o n  

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

c o n t a i n ,   as  essent ia l   c o m p o n e n t s ,   an  o rgan ic   s u r f a c t a n t ,   a  p y r o -  

p h o s p h a t e   b u i l d e r ,   an  alkali  metal  s i l icate  and  a  p o l y a c r y l a t e  

p o l y m e r .   The  p o l y a c r y l a t e   polymer  acts   as  both   a  h igh ly   e f f e c -  

t ive   a n t i r e d e p o s i t i o n   agen t   and  s t r u c t u r a l   a id ,   al lowing  for  t h e  

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

s o l u b i l i t y   and  wh i t eness   ma in t enance   c h a r a c t e r i s t i c s .   The  a m o u n t  

of  o r t h o p h o s p h a t e   in  the  composi t ions   should   be  limited  such   t h a t  

t h e   w e i g h t   ratio  of  p y r o p h o s p h a t e   to  o r t h o p h o s p h a t e   Is  at  l e a s t  

a b o u t   5 :1 ,   p r e f e r a b l y   at  least  about   10:1,  and  more  p r e f e r a b l y   a t  

leas t   a b o u t   20:1.  The  compos i t ions   are  most  p r e f e r a b l y   s u b s t a n -  

t ia l ly   f ree   of  o r t h o p h o s p h a t e s   because   they  tend   to  form  c o a r s e  

p r e c i p i t a t e s   which  more  readi ly  deposi t   on  f ab r i c s   than  the  p y r o -  

p h o s p h a t e   p r e c i p i t a t e s .  

The   composi t ions  here in   are  p r e p a r e d   by  d r y i n g   an  a q u e o u s  

s l u r r y   compr i s ing   the  c o m p o n e n t s .   The  s l u r r y   g e n e r a l l y   c o n t a i n s  

from  a b o u t   25%  to  about   50%  wa te r ,   w h e r e a s   the  d r i ed   g r a n u l e s  

in i t ia l ly   contain  from  about   2%  to  about  10%,  p r e f e r a b l y   from  a b o u t  

2%  to  abou t   5%,  water .   The  d ry ing   opera t ion   can  be  a c c o m p l i s h e d  

by  any  conven ien t   means,   such  as  by  using  s p r a y - d r y i n g   t o w e r s ,  

both  c o u n t e r - c u r r e n t   and  c o - c u r r e n t ,   fluid  b e d s ,   f l a s h - d r y i n g  

e q u i p m e n t ,   or  indus t r ia l   microwave  or  o v e n - d r y i n g   e q u i p m e n t .  

T h e s e   are  more  fully  de sc r i bed   in  U.S.  Pa ten t   4 , 0 1 9 , 9 9 8 ,   B e n s o n  

et  ai,  i s sued   April  26,  1977  ( p a r t i c u l a r l y   from  Column  14,  line  19 

to  Column  15,  line  9),  i n c o r p o r a t e d   herein  by  r e f e r e n c e .  

While  not  in tending   to  be  limited  by  t h e o r y ,   it  is  b e l i e v e d  



that   the  g r a n u l a r   d e t e r g e n t s   herein   exh ib i t   s u p e r i o r   s t r u c t u r e  
and  phys ica l   p r o p e r t i e s   b e c a u s e   the  po lyac ry l a t e   polymer  dr ies   t o  

a  t o u g h ,   n o n - s t i c k y ,   n o n - h y g r o s c o p i c   film  which  cements   t h e  

g r a n u l e   walls  t o g e t h e r   much  in  the  same  manner   as  do  the  s i l i -  
ca tes .   The  po lymer   film  is  readily  w a t e r - s o l u b l e   so  tha t   t h e  

g r a n u l e s   qu i ck ly   d i s i n t e g r a t e   in  the  l a u n d e r i n g   solut ion  and  l e a v e  
little  or  no  inso lub le   r e s i d u e   on  f ab r i c s .   Moreove r ,   the  low  l e v e l  

of  s i l ica te   in  the  compos i t i ons   c o n t r i b u t e s   to  the  des i r ed   g r a n u l e  

s t r u c t u r e ,   and  also  aids  p r o c e s s i n g   and  inhib i t s   metal  c o r r o s i o n ,  
wi thou t   c a u s i n g   e x c e s s i v e   inso lub le   sil icate  d e p o s i t i o n .   F i n a l l y ,  

the  p o l y a c r y l a t e   po lymer   Is  also  highly  e f fec t ive   at  s u s p e n d i n g   t h e  

inso lub le   d icalc ium  p y r o p h o s p h a t e   sa l t s ,   p r e v e n t i n g   the i r   d e p o -  

sition  and  b u i l d - u p   on  f a b r i c s .  

O r g a n i c   S u r f a c t a n t  

The   d e t e r g e n t   compos i t ions   herein   contain  from  about   5%  t o  

about   50%  by  we igh t   of  an  o rgan ic   s u r f a c t a n t   se lec ted   from  t h e  

g roup   c o n s i s t i n g   of  an ion ic ,   nonionic ,   zwi t t e r ion ic ,   ampholy t ic   a n d  

ca t ionic   s u r f a c t a n t s ,   and  m i x t u r e s   t he reo f .   The  s u r f a c t a n t   p r e -  

f e r ab ly   r e p r e s e n t s   from  about   10%  to  about   30%  by  weight   of  t h e  

d e t e r g e n t   compos i t i on .   S u r f a c t a n t s   useful  herein   are  l isted  in  

U.S.   Pa t en t   3 , 6 6 4 , 9 6 1 ,   N o r r i s ,   i ssued  May  23,  1972,  and  in  U . S .  

Pa ten t   3 , 9 1 9 , 6 7 8 ,   Laugh i in ,   et  ai,  issued  December   30,  1975,  b o t h  

i n c o r p o r a t e d   he re in   by  r e f e r e n c e .   Useful  cat ionic  s u r f a c t a n t s   a l s o  

inc lude   those   d e s c r i b e d   in  U.S.   Patent   4 ,222 ,905 ,   C o c k r e l l ,  

i s sued   S e p t e m b e r   16,  1980,  and  in  U.S.   Pa tent   4 ,239 ,659 ,   M u r p h y ,  

i s sued   December   16,  1980,  both  i n c o r p o r a t e d   here in   by  r e f e r e n c e .  

W a t e r - s o l u b l e   sal ts   of  the  h igher   fat ty  ac ids ,   i . e . ,   " s o a p s " ,  

are  usefu l   anionic   s u r f a c t a n t s   in  the  composi t ions   he re in .   T h i s  

inc ludes   alkali  metal  soaps  such  as  the  sodium,  po ta s s ium,   a m m o n -  

ium,  and  s u b s t i t u t e d   ammonium  salts  of  h i g h e r   fat ty  acids  c o n -  

ta in ing  from  abou t   8  to  abou t   24  carbon  a toms,   and  p r e f e r a b l y  

from  abou t   12  to  abou t   18  ca rbon   atoms.  Soaps  can  be  made  b y  

d i rec t   s a p o n i f i c a t i o n   of  fats  and  oils  or  by  the  neu t ra l i za t ion   o f  

free  fa t ty   ac ids .   P a r t i c u l a r l y   useful  are  the  sodium  and  p o t a s -  

sium  sal ts   of  the  m i x t u r e s   of  fatty  acids  de r ived   from  coconut   oil 

and  tallow,  i . e . ,   sodium  or  po tass ium  tallow  and  coconut   s o a p .  



Useful  anionic  s u r f a c t a n t s   also  include  the  w a t e r - s o l u b l e  

sa l t s ,   p r e f e r a b l y   the  alkali  metal,  ammonium  and  s u b s t i t u t e d  

ammonium  sal ts ,   of  o rgan i c   su l fu r i c   react ion  p r o d u c t s   having  in  

their   molecular  s t r u c t u r e   an  alkyl  g roup  con ta in ing   from  about   10 

to  about   20  ca rbon   atoms  and  a  sulfonic  acid  or  su l fu r i c   a c i d  

e s t e r   g r o u p .   ( I n c l u d e d   in  the  term  "alkyl"  is  the  alkyl  port ion  o f  

acyl  g r o u p s . )   Examples   of  this  g roup   of  s y n t h e t i c   s u r f a c t a n t s  

are  the  sodium  and  p o t a s s i u m   alkyl  s u l f a t e s ,   e spec ia l ly   t h o s e  

ob ta ined   by  su l fa t ing   the  h i g h e r   alcohols  (Ca-C18  ca rbon   a t o m s )  

such  as  those  p r o d u c e d   by  r e d u c i n g   the  g l y c e r i d e s   of  tallow  o r  

coconut   oil;  and  the  sodium  and  potass ium  a l k y l b e n z e n e   s u l f o n a t e s  

In  which  the  alkyl  g r o u p   c o n t a i n s   from  about   9  to  about   15  c a r b o n  

a toms,   in  s t r a i g h t   chain  or  b r a n c h e d   chain  c o n f i g u r a t i o n ,   e . g . ,  
those   of  the  type  d e s c r i b e d   in  U.S.   Pa t en t s   2 ,220,099  a n d  

2 ,477 ,383 .   Especial ly  v a l u a b l e   are  l inear  s t r a i g h t   chain  a l k y l -  

b e n z e n e   su l fona tes   in  which  the  a v e r a g e   number   of  c a rbon   a t o m s  

in  the  alkyl  g roup   is  from  about   11  to  13,  a b b r e v i a t e d   a s  

C 1 1 - 1 3 L A S .  
Other   anionic  s u r f a c t a n t s   here in   are  the  sodium  alkyl  g l y c -  

eryl  e ther   s u l f o n a t e s ,   e spec ia l ly   those  e t he r s   of  h igher   a l c o h o l s  

de r ived   from  tallow  and  coconu t   oil;  sodium  coconut   oil  fat ty  a c i d  

monog lyce r ide   su l fona te s   and  su l f a t e s ;   sodium  or  po tass ium  s a l t s  

of  alkyl  phenol  e t hy l ene   oxide  e ther   su l fa tes   con ta in ing   f r o m  

about   1 to  about  10  uni ts   of  e t hy l ene   oxide  per  molecule  and  f r o m  

about   8  to  about   12  carbon   atoms  in  the  alkyl  g r o u p ;   and  s o d i u m  

or  po tass ium  salts  of  alkyl  e t h y l e n e   oxide  e the r   su l f a t e s   c o n t a i n -  

ing  about   1  to  about  10  uni ts   of  e thy lene   oxide  per  molecule  a n d  

from  about  10  to  about   20  ca rbon   atoms  in  the  alkyl  g r o u p .  
Other   useful  anionic  s u r f a c t a n t s   include  the  w a t e r - s o l u b l e  

salts  of  es te rs   of  a l p h a - s u l f o n a t e d   fatty  acids  con ta in ing   f r o m  

about   6  to  20  carbon  atoms  in  the  fatty  acid  g roup   and  f r o m  

about  1  to  10  carbon  atoms  in  the  es ter   g r o u p ;   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   acids  con ta in ing   from  about   2  to  9 

carbon  atoms  in  the  acyl  g r o u p   and  from  about   9  to  about  23 

carbon  atoms  in  the  alkane  moiety;  alkyl  e ther   su l f a t e s   c o n t a i n i n g  



from  a b o u t   10  to  20  carbon   atoms  in  the  alkyl  g r o u p   and  f rom 
abou t   1  to  30  moles  of  e thy lene   oxide;   w a t e r - s o l u b l e   sa l ts   of  o l e f in  
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  ca rbon   a toms;   a n d  
b e t a - a l k y l o x y   a lkane   su l fona te s   con ta in ing   from  a b o u t   1  t o   3 
c a r b o n   atoms  in  the  alkyl  g roup   and  from  abou t   8  to  20  c a r b o n  
atoms  in  the  a l k a n e   m o i e t y .  

W a t e r - s o l u b l e   nonionic   s u r f a c t a n t s   are  also  usefu l   in  t h e  
c o m p o s i t i o n s   of  the   i nven t ion .   Such  nonionic   ma te r i a l s   i n c l u d e  
c o m p o u n d s   p r o d u c e d   by  the  c o n d e n s a t i o n   of  a lky lene   ox ide   g r o u p s  
( h y d r o p h i l i c   in  n a t u r e )   with  an  o rgan ic   h y d r o p h o b i c   c o m p o u n d ,  
which  may  be  a l i p h a t i c   or  alkyl  aromat ic   in  n a t u r e .   The  l eng th   o f  
the  p o l y o x y a l k y l e n e   g r o u p   which  is  c o n d e n s e d   with  any  p a r t i c u l a r  
h y d r o p h o b i c   g r o u p   can  be  readily  a d j u s t e d   to  yield  a  w a t e r -  
so luble   c o m p o u n d   having   the  des i r ed   deg ree   of  ba lance   b e t w e e n  
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 .  

S u i t a b l e   non ion ic   s u r f a c t a n t s   Include  the  p o l y e t h y l e n e   o x i d e  
c o n d e n s a t e s   of  alkyl  pheno l s ,   e . g . ,   the  c o n d e n s a t i o n   p r o d u c t s   o f  
a l ky l   p h e n o l s   h a v i n g   an  alkyl  g roup  con ta in ing   from  about   6  to  15 
c a r b o n   a toms ,   in  e i the r   a  s t r a i g h t   chain  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  about   3  to  12  moles  of  e t hy l ene   oxide  per   mole 
of  alkyl  p h e n o l .  

P r e f e r r e d   non ion ics   are  the  w a t e r - s o l u b l e   c o n d e n s a t i o n  
p r o d u c t s   of  a l i p h a t i c   alcohols  con ta in ing   from  8  to  22  c a r b o n  
a toms,   in  e i t h e r   s t r a i g h t   chain  or  b r a n c h e d   c o n f i g u r a t i o n ,   w i t h  
from  3  to  12  moles  of  e t hy l ene   oxide  per  mole  of  a lcohol .   P a r t i -  
cu la r ly   p r e f e r r e d   are  the  condensa t i on   p r o d u c t s   of  a lcohols   h a v i n g  
an  alkyl  g r o u p   c o n t a i n i n g   from  about   9  to  15  carbon   atoms  w i t h  
from  a b o u t  4   to  8  moles  of  e thy lene   oxide  per  mole  of  a l c o h o l .  

S e m i - p o l a r   nonionic   s u r f a c t a n t s   useful   here in   inc lude   w a t e r -  
so luble   amine  o x i d e s   con ta in ing   one  alkyl  moiety  of  from  about   10 
to  18  c a r b o n   atoms  and  two  moieties  se lec ted   from  the  g r o u p  
c o n s i s t i n g   of  alkyl   g r o u p s   and  h y d r o x y a l k y l   g r o u p s   c o n t a i n i n g  
from  1  to  3  c a r b o n   atoms;  w a t e r - s o l u b l e   p h o s p h i n e   oxides   c o n t a i n -  
ing  one  alkyl  moiety  of  about  10  to  18  ca rbon   atoms  and  two 
moieties  s e l e c t e d   from  the  g roup  cons i s t ing   of  alkyl  g r o u p s   a n d  



h y d r o x y a l k y l   g roups   con ta in ing   from  about   1  to  3  carbon  a t o m s ;  
and  w a t e r - s o l u b l e   su l foxides   conta in ing   one  alkyl  moiety  of  f r o m  

about   10  to  18  carbon  atoms  and  a  moiety  se lec ted   from  the  g r o u p  

c o n s i s t i n g   of  alkyl  and  h y d r o x y a l k y l   moieties  of  from  about   1  to  3 

ca rbon   a t o m s .  

Ampholyt ic   s u r f a c t a n t s   include  d e r i v a t i v e s   of  a l iphat ic   o r  

a l ipha t ic   d e r i v a t i v e s   of  he t e rocyc l i c   s e c o n d a r y   and  t e r t i a r y   a m i n e s  

in  which  the  a l iphat ic   moiety  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 iphat ic   s u b s t i t u e n t s   conta ins   from  a b o u t  

8  to  18  carbon  atoms  and  at  least  one  a l iphat ic   s u b s t i t u e n t   c o n -  

ta ins   an  anionic  w a t e r - s o l u b i l i z i n g   g r o u p .  
Zwi t te r ion ic   s u r f a c t a n t s   include  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;  p h o s p h o n i u m ,   and  sulfonium  c o m p o u n d s   i n  

wh ich   one  of  the  a l iphat ic   s u b s t i t u e n t s   conta ins   from  abou t   8  t o  

18  ca rbon   a t o m s .  

P a r t i c u l a r l y   p r e f e r r e d   s u r f a c t a n t s   herein   are  anionic   s u r -  

f a c t a n t s   se lec ted   from  the  group  cons i s t ing   of  the  alkali  m e t a l  

salts.   of  C11-13  a l k y l b e n z e n e   s u l f o n a t e s ,   C14-18  alkyl  s u l f a t e s ,  

C14-18  alkyl  l inear  po lye thoxy   sul fa tes   con ta in ing   from  about   1  t o  

about   4  moles  of  e thy lene   oxide,  and  mix tu res   t h e r e o f .  

P y r o p h o s p h a t e   B u i l d e r s  

The  composi t ions   of  the  p r e sen t   invent ion   also  contain  f r o m  

about   5%  to  about  80%,  p r e f e r a b l y   from  about  10%  to  about   70%, 

and  most  p r e f e r a b l y   from  about  15%  to  about   60%,  by  weight   of  a n  

alkali  metal  p y r o p h o s p h a t e   bu i lde r .   Sodium  and  po t a s s ium,   p a r -  

t i cu la r ly   sodium,  p y r o p h o s p h a t e s   are  p r e f e r r e d .   The  p y r o p h o s -  

phate   salts  useful  herein  can  be  obta ined  commercially  or  can  b e  

formed  by  neu t ra l i za t ion   of  the  c o r r e s p o n d i n g   p y r o p h o s p h o r i c  

acids  or  acid  sal ts .   The  p y r o p h o s p h a t e s   can  be  a n h y d r o u s   o r  

h y d r a t e d ,   a l though   a n h y d r o u s   p y r o p h o s p h a t e s   in  finely  d i v i d e d  

form  are  p r e f e r r e d   for  rapid  dissolut ion  in  the  w a s h .  

Readily  available  commercially  are  t e t r a sod ium  p y r o p h o s p h a t e  

Na4P2O7  and  Its  d e c a h y d r a t e   Na4P2O7.10H2O,  t e t r a p o t a s s i u m  

p y r o p h o s p h a t e   K4P2O7,  sodium  acid  p y r o p h o s p h a t e   or  "acid  p y r o "  

Na2H2P2O7  and  its  h e x a h y d r a t e   Na2H2P2O7.6H2O,  and  p y r o p h o s -  

phoric   acid  HqP207.  Monosodium  p y r o p h o s p h a t e   and  t r i s o d i u m  



p y r o p h o s p h a t e   also  ex i s t ,   the  l a t t e r   as  the  a n h y d r o u s   form  or  t h e  

mono-   or  n o n a - h y d r a t e .   The  gene r i c   formula  for  the   a n h y d r o u s  
fo rms   of  t h e s e   c o m p o u n d s   can  be  e x p r e s s e d   as  MxHyP2O7,   w h e r e  
M  is  alkali   metal  and  x  and  y  a r e   i n t ege r s   hav ing   the  sum  of  4 .  

Alkali  Metal  S i l i c a t e  

The  compos i t ions   he re in   contain  from  about   0.5%  to  a b o u t   6%, 

p r e f e r a b l y   from  about   1%  to  about   5%,  more  p r e f e r a b l y   from  a b o u t  

1.5%  to  abou t   4%,  and  most  p r e f e r a b l y   from  abou t   1.5%  to  a b o u t  

3%,  by  we igh t   of  an  alkali  metal  si l icate  having  a  molar   ratio  o f  

SiO2  to  alkali  metal  oxide  of  from  about   1.0  to  a b o u t   3 . 2 ,   p r e -  

f e r a b l y   from  abou t   1.6  to  about   2.4.  Sodium  s i l ica te ,   p a r t i c u l a r l y  

h a v i n g   a  molar  ratio  of  from  about   1.8  to  about   2 .2 ,   is  p r e f e r r e d .  

T h e   alkali  metal  s i l ica tes   can  be  p u r c h a s e d   In  e i t h e r   l iquid  o r  

g r a n u l a r   form.  Sl l icate  s l u r r i e s   can  c o n v e n i e n t l y   b e   u s e d   t o  

avoid  hav ing   to  d i s so lve   the  d r ied   form  in  the  a q u e o u s   s l u r r y  

( e . g . ,   c r u t c h e r   mix)  of  the  componen t s   h e r e i n .  

P o l y a c r y l a t e   P o l y m e r  

T h e   compos i t i ons   of  the  p r e s e n t   invent ion   con ta in   from  a b o u t  

0.1%  to  abou t   5%,  p r e f e r a b l y   from  about   0.3%  to  a b o u t   3%,  a n d  

more  p r e f e r a b l y   from  abou t   0.5%  to  about  2%,  by  w e i g h t   of  a  

p o l y a c r y l a t e   po lymer   so luble   in  an  aqueous   s l u r r y   c o m p r i s i n g   t h e  

e s s e n t i a l   c o m p o n e n t s   h e r e i n .   The   polymer  should   have   a  m o l e c u -  

lar  w e i g h t   of  from  about   2,000  to  about   200,000,   p r e f e r a b l y   f r o m  

a b o u t   25,000  to  about   150,000,   and  more  p r e f e r a b l y   from  a b o u t  

40,000  to  abou t   1 0 0 , 0 0 0 .  

It  will  be  a p p r e c i a t e d   tha t   the  polymer  must   be  at  l e a s t  

p a r t i a l l y   so luble   in  the  s l u r r y   of  the  components   for  it  to  dry   t o  

a  film  c a p a b l e   of  c emen t ing   the  g r anu le   walls  t o g e t h e r   as  t h e  

s l u r r y   Is  d r i e d .   For  opt imum  g r a n u l e   s t r u c t u r e   and   p h y s i c a l  

p r o p e r t i e s ,   the  polymer   should   be  s u b s t a n t i a l l y   so lub l e   in  t h e  

s l u r r y ,   and  it  is  p r e f e r a b l y   completely   soluble   in  the   s l u r r y .  

Since   the  s l u r r y   will  g e n e r a l l y   be  a  s t rong   e l e c t r o l y t e   s o l u t i o n  

due  to  the  p r e s e n c e   of  the  p y r o p h o s p h a t e   and  s i l ica te   s a l t s ,   a n d ,  

when  p r e s e n t ,   anionic   s u r f a c t a n t s   and  other   n e u t r a l   or  a l k a l i n e  



sa l t s ,   optimum  solubi l i ty   of  the  polymer  is  ob ta ined   when  it  is  in 

the  form  of  an  at  least  par t ia l ly   neu t r a l i zed   alkali  metal ,   ammonium 

or  s u b s t i t u t e d   ammonium  ( e . g . ,   mono-,   di-  or  t r i e t h a n o l   ammon-  

ium)  salt.   The  alkali  metal,   especia l ly   sodium,  sal ts   are  m o s t  

p r e f e r r e d .  

Sui table   polymers   here in   are  the  at  least  par t i a l ly   n e u t r a l i z e d  

sal ts   of  homopolymers   and  copolymers   of  acry l ic   acid,   h y d r o x y -  

ac ry l i c   acid  and  me thac ry l i c   acid.  The  copolymers   can  be  f o r m e d  

of  m ix tu re s   of  these   u n s a t u r a t e d   ca rboxy l i c   acids  with  or  w i t h o u t  

o the r   copo lymer i sab le   monomers ,   or  they  can  be  formed  f r o m  

single   acids  with  o ther   -copolymerisable   monomers.   In  e i the r   c a s e ,  

the  p e r c e n t a g e   by  weight   of  the  polymer  uni ts   d e r i v e d   from  t h e  

acids  Is  p r e f e r a b l y   g r e a t e r   than  about   50%.  Sui tab le   c o p o l y m e r -  

isable  monomers  inc lude ,   for  example,   vinyl  c h l o r i d e ,   v i n y l  

alcohol,   f u r a n ,   a c r y l o n i t r i l e ,   me thac ry lon i t i l e ,   vinyl  a c e t a t e ,  

methyl  a c r y l a t e ,   methyl  m e t h a c r y l a t e ,   s t y r e n e ,   a l p h a - m e t h y l -  

s t y r e n e ,   vinyl  methyl  e t h e r ,   vinyl  ethyl  e t h e r ,   vinyl   p r o p y l  

e t h e r ,   ac ry lamide ,   e t h y l e n e ,   p ropy l ene   and  3 - b u t e n o i c   a c i d .  

P r e f e r r e d   polymers   of  the  above  group  are  salts  of  h o m o p o l y -  

mers  of  acryl ic   acid,   h y d r o x y a c r y l i c   acid,  or  m e t h a c r y l i c   acid,  o r  

copolymers   of  these   acids  con ta in ing   at  least  about   80%  by  w e i g h t  

of  units   de r ived   from  the  acid.  Pa r t i cu l a r ly   p r e f e r r e d   is  s o d i u m  

p o l y a c r y l a t e ,   especia l ly   when  it  has  an  a v e r a g e   molecular   w e i g h t  

of  from  about  50,000  to  about   7 0 , 0 0 0 .  

Optional  C o m p o n e n t s  

Other   i n g r e d i e n t s   commonly  used  in  g r a n u l a r   d e t e r g e n t  

composi t ions   can  be  included  in  the  composi t ions   of  the  p r e s e n t  

i n v e n t i o n .   These   include  c o b u i l d e r s ,   color  s p e c k l e s ,   b l e a c h i n g  

agen t s   and  bleach  a c t i v a t o r s ,   suds  boos te r s   or  suds   s u p p r e s s o r s ,  
a n t i - t a r n i s h   and  a n t i - c o r r o s i o n   a g e n t s ,   soil  re lease   a g e n t s ,   d y e s ,  

f i l lers ,   optical  b r i g h t e n e r s ,   ge rmic ides ,   n o n - b u i l d e r   a l k a l i n i t y  

s o u r c e s ,   enzymes ,   e n z y m e - s t a b i l i z i n g   a g e n t s ,   and  p e r f u m e s .  

P r e f e r r e d   cobu i lde r s   for  use  herein   are  d i sc losed   in  U . S .  

Pa tent   4 ,019,998,   Benson  et  aI,  issued  April  26,  1977  ( p a r t i c u -  

larly  from  Column  11,  line  40  to  Column  13,  line  5),  i n c o r p o r a t e d  



here in   by  r e f e r e n c e .   P a r t i c u l a r l y   p r e f e r r e d   are  the  a l u m i n o -  

s i l i ca te s ,   t r i p o l y p h o s p h a t e s ,   c a r b o n a t e s   and  n i t r i l o t r i a c e t a t e s ,   a n d  
m i x t u r e s   t h e r e o f .  

The  following  non- l imi t ing   examples   i l lus t ra te   the  d e t e r g e n t  

compos i t ions   of  t h e   p r e s e n t   i n v e n t i o n .  

All  p e r c e n t a g e s ,   p a r t s ,   and  ratios  used  herein  are  by  w e i g h t  
un les s   o t h e r w i s e   s p e c i f i e d .  

EXAMPLE  I 

The  following  compos i t i on ,   i n t e n d e d   for  usage  at  a  level  o f  

11  cups   (129  g)  in  a  normal  c a p a c i t y ,   t o p - l o a d i n g   w a s h i n g  
machine ,   was  p r e p a r e d   by  s p r a y - d r y i n g   an  aqueous   c r u t c h e r - m i x  

s l u r r y   of  the  c o m p o n e n t s .  

O the r   compos i t i ons   of  the  p r e s e n t   invent ion  are  o b t a i n e d  

when  the  p y r o p h o s p h a t e   in  the  above  composit ion  is  r ep l aced   w i t h  

a  mix tu re   of  21%  p y r o p h o s p h a t e   and  5%  of  e i ther   h y d r a t e d   s o d i u m  

a luminos i l i ca te   Zeolite  A  (avg .   dia.  3  mic rons ) ,   sodium  t r i p o l y -  

p h o s p h a t e   or  sodium  n i t r i l o t r i a c e t a t e ,   or  when  the  si l icate  level  i s  

i n c r e a s e d   to  4%. 

Othe r   compos i t ions   here in   are  ob ta ined   when  the  p o l y a c r y l a t e  

is  r ep laced   with  sodium  p o l y h y d r o x y a c r y l a t e   of  m.w.  80,000,   w i t h  

a  sodium  p o l y a c r y l a t e   polymer  con ta in ing   about  5-15%  by  we igh t   o f  

ac ry l amide   and  hav ing   a  m.w.  of  about   20,000  or  40,000,   or  w i t h  

sodium  p o l y a c r y l a t e   having  a  m.w.  of  120 ,000 .  



P a r t i c u l a r l y   p r e f e r r e d   compos i t ions   are  obtained  by  d r y i n g  

an  aqueous   s l u r r y   compris ing  the  e s sen t i a l   components   here in   a n d  

alkali  metal  t r i p o l y p h o s p h a t e s ,   where in   the  weight  ratio  of  p y r o -  

p h o s p h a t e   to  t r i p o l y p h o s p h a t e   is  from  about   50:1  to  about   1 : 1 ,  

p r e f e r a b l y   from  about  20:1  to  about   2:1,  and  more  p r e f e r a b l y  

from  about  10:1  to  about  4:1.  The  t r i p o l y p h o s p h a t e   c o n t r i b u t e s  

to  the  formation  of  g r anu le s   having  ve ry   des i r ab le   s t r u c t u r e   a n d  

phys ica l   p r o p e r t i e s ,   including  improved   s t r u c t u r a l   i n t e g r i t y   a n d  

f r ee - f l owing   c h a r a c t e r i s t i c s ,   and  r e d u c e d   caking  t e n d e n c i e s .   T h e  

t r i p o l y p h o s p h a t e s   also  c o n t r i b u t e   to  improved  w h i t e n e s s   m a i n -  

t e n a n c e   p e r f o r m a n c e .  
EXAMPLE  II 

The  following  composi t ion,   i n t e n d e d   for  usage   at  a  level  o f  ½  

cup  (51.9  g)  in  a  normal  c apac i t y ,   t o p - l o a d i n g   wash ing   m a c h i n e ,  

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

the  c o m p o n e n t s .  

.The  d i spe r s ib i l i t y   of  the  above  g r a n u l a r   composi t ion   can  b e  

improved   by  intimately  mixing  about   1%  by  weight   of  s o d i u m  

p o l y a c r y l a t e   of  m.w.  2000  with  the  anionic  s u r f a c t a n t   p a s t e   p r i o r  

to  add ing   the  balance  of  the  componen t s   to  the  c r u t c h e r ,   a s  

d e s c r i b e d   in  E u r o p e a n   p a t e n t   a p p l i c a t i o n   8 2 2 0 1 3 9 0 . 0 .  



EXAMPLE  III 

.  The   following  composi t ion  is  p r e p a r e d   by  f i rs t   i n t i m a t e l y  
m i x i n g   the  2000  m.w.  po lyac ry l i c   acid  with  the  anionic  s u r f a c t a n t  

p æ s t e ,   and  then  s p r a y - d r y i n g   an  aqueous   c r u t c h e r - m i x   s l u r r y   o f  
t h e   c o m p o n e n t s .  

The   base  g r a n u l e s   ob ta ined   are  then  a d m i x e d ,   at  a  level  o f  

52.1  p a r t s ,   with  41.3  pa r t s   of  t e t r a s o d i u m   p y r o p h o s p h a t e ,   5 . 2  

p a r t s   of  sodium  c a r b o n a t e ,   0.6  pa r t s   of  p o l y e t h y l e n e   glycol  6000 ,  

and  minor s   to  p rov ide   a  f in ished  g r a n u l a r   d e t e r g e n t   i n t ended   f o r  

u s a g e   at  a  level  of ½  cup  (51.9g)   in  a  normal  c a p a c i t y ,   t o p -  

l oad ing   washing   m a c h i n e .  



1 . A   g r a n u l a r   d e t e r g e n t   composi t ion  c o m p r i s i n g :  

(a)  from  about   5%  to  about   50%  by  weight   of  an  o r g a n i c  

s u r f a c t a n t   se lec ted   from  the  g roup   c o n s i s t i n g   of  an ion ic ,   n o n i o n i c ,  

z w i t t e r i o n i c ,   ampholyt ic   and  cat ionic   s u r f a c t a n t s ,   and  m i x t u r e s  

t h e r e o f ;  

( b )   from  about   5%  to  about   80%  by  weight   of  an  alkali  me ta l  

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

(c)  from  about  0.5%  to  about  6%  by  weight   of  an  a l k a l i   m e t a l  

s i l ica te   hav ing   a  molar  ratio  of  SiO2  to  alkali  metal  ox ide   of  f r o m  

abou t   1.0  to  about   3.2;  a n d  

(d)  from  about   0.1%  to  about   5%  by  weight   of  a  p o l y a c r y l a t e  

po lymer   soluble   in  an  aqueous   s l u r r y   compr i s ing   the  above   c o m -  

p o n e n t s   and  having  a  weight   a v e r a g e   molecular   we igh t   of  f r o m  

abou t   2 ,000  to  about   200 ,000 ;  

said  compos i t ion   p r e p a r e d   by  d r y i n g   an  aqueous   s l u r r y   c o m p r i s i n g  

the  above   componen t s ,   and  the  amount   of  o r t h o p h o s p h a t e   In  s a i d  

compos i t ion   being  limited  such  tha t   the  weight   rat io  of  p y r o -  

p h o s p h a t e   to  o r t h o p h o s p h a t e   is  at  least  about   5 : 1 .  

2.  The  composit ion  of  Claim  1  where in   the  o r g a n i c   s u r f a c t a n t  

c o m p r i s e s   an  anionic  s u r f a c t a n t   se lec ted   from  the  g r o u p   c o n s i s t i n g  

of  alkall  m e t a l   salts  of  C11-13  a l k y l b e n z e n e   s u l f o n a t e s ,   C 1 4 - 1 8  

alkyl  s u l f a t e s ,   C14-18  alkyl  po lye thoxy   su l f a t e s   c o n t a i n i n g   f r o m  

about   1  to  about   4  moles  of  e thy lene   oxide,   and  m i x t u r e s   t h e r e o f .  

3.  The  composit ion  of  Claim  2  where in   the  p y r o p h o s p h a t e  

bu i l de r   is  sodium  or  potass ium  p y r o p h o s p h a t e .  

4.  The  composition  of  Claim  3  where in   the  s i l ica te   is  s o d i u m  

si l icate   having   a  molar  ratio  of  from  about   1.6  to  abou t   2 . 4 .  

5.  The  composit ion  of  Claim  4  compr i s ing   from  abou t   10%  t o  

about   30%  by  weight  of  the  organic   s u r f a c t a n t ,   from  abou t   15%  t o  

about   60%  by  weight  of  the  p y r o p h o s p h a t e   b u i l d e r ,   and  f r o m  

a b o u t   1.5%  to  a b o u t   4%  by  w e i g h t   of  t he   s i l i c a t e .  



6.  The  composi t ion   of  Claim  1  wherein  the  polymer  has  a  w e i g h t  

a v e r a g e   molecular   weight   of  from  about  25,000  to  about   1 5 0 , 0 0 0 .  

7.  The  composi t ion   of  Claim  6  wherein   the  polymer  has  a  w e i g h t  

a v e r a g e   molecular   we igh t   of  from  about   40,000  to  about   1 0 0 , 0 0 0 .  

8.  The  composi t ion   of  Claim  7  wherein   the  polymer  is  a  salt   of  a  

homopolymer   of  ac ry l i c   ac id ,   h y d r o x y a c r y l i c   acid  or  m e t h a c r y l i c  

ac id ,   or  a  copo lymer   t h e r e o f   conta in ing   at  least   abou t   80%  b y  

we igh t   of  un i t s   d e r i v e d   from  the  a c i d .  

9.  The  composi t ion   of  Claim  8  wherein  the  polymer   is  s o d i u m  

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

10.  The  composi t ion   of  Claim  5  wherein  the  polymer  is  s o d i u m  

p o l y a c r y l a t e   hav ing   a  we igh t   ave rage   molecular   weight   of  f rom 

a b o u t   40,000  to  a b o u t   100,000  and  r e p r e s e n t s   from  abou t   0.5%  t o  

abou t   2%  by  weight   of  the  c o m p o s i t i o n .  

11.  The  composi t ion   of  Claim  10  p r epa red   by  s p r a y - d r y i n g   a n  

a q u e o u s   s l u r r y   of  the  c o m p o n e n t s .  
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