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TECHNICAL  FIELD 

The  p r e s e n t   inven t ion   r e l a t e s   to  g ranular   d e t e r g e n t  

compos i t ions   c o n t a i n i n g   a  d e t e r g e n t   s u r f a c t a n t ,   an  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 ,   a  w a t e r - s o l u b l e   n e u t r a l   or  a l k a l i n e   s a l t   and 

a  f i lm- fo rming   polymer.  The  composi t ions   here in ,   which  contain   no 

cr  only  low  l e v e l s   of  phospha te   m a t e r i a l s   and  l e s s  t h a n   about  3%  by 

weight  of  a l k a l i   metal  s i l i c a t e   m a t e r i a l s ,   provide  g ranu le s   hav ing  
both  s u p e r i o r   f r e e - f l o w i n g   c h a r a c t e r i s t i c s   and  s o l u b i l i t y   in  t h e  

l aunder ing   s o l u t i o n .  

Granular   d e t e r g e n t   compos i t ions   have,  in  tne  pas t ,   o f t e n  

conta ined   high  c o n c e n t r a t i o n s   of  phosphate  bu i lde r   m a t e r i a l s ,  

p a r t i c u l a r l y   sodium  t r i p o l y p h e s p h a t e .   When  a  c r u t c h e r   mix 

con t a in ing   sodium  t r i p o l y p h o s p h a t e   is  s p r a y - d r i e d ,   it  is  b e l i e v e d  

tha t   enough  mixed-phosphate   h y d r o l y s i s   products  are  formed  t o  

i n h i b i t   phosphate   c r y s t a l   growth.  The  hydro lys i s   p roduc t s   a r e  
c o n c e n t r a t e d   in  the  l i q u i d   phase  which  f i n a l l y   d r i e s   to  an  amorphous 

g lassy   phosphate   m a t e r i a l .   This  g lassy   ma te r i a l   e f f e c t i v e l y  
"cements"  the  f i n e l y   c r y s t a l l i n e   granule  walls  t o g e t h e r ,   p r o d u c i n g  

granules   which  e x h i b i t   very  d e s i r a o l e   phys ica l   p r o p e r t i e s ,   i . e . ,  

c r i s p ,   durab le   and  f r e e - f l o w i n g   granules .   Moreover,  the  g l a s s y  

phosphate  m a t e r i a l   r e a d i l y   d i s i n t e g r a t e s   in  the  l aunde r ing   s o l u t i o n  

so  tha t   no  i n s o l u b l e   r es idue   is  l e f t   on  the  f a b r i c s .  

Alka l i   metal  s i l i c a t e s   are  u sua l ly   included  in  g r a n u l a r  

d e t e r g e n t s   at  low  l e v e l s   for  cor ros ion   i n h i b i t i o n   and  p r o c e s s i n g  

reasons .   When  phosphate  b u i l d e r s   are  removed  from  d e t e r g e n t s ,   t h e  

l eve l   of  s i l i c a t e   is  often  i nc reased   s e v e r a l f o l d   s ince  i t   also  d r i e s  

to  a  tough  g lassy   fi lm  capable   of  s t r eng then ing   granule   wal ls   and 

enhancing  f r e e - f l o w i n g   c h a r a c t e r i s t i c s .   S i l i c a t e s   having  a  l ower  

SiO2  to  a l k a l i   metal  oxide  r a t i o   (e .g . ,   1 .6-2.0)   are  u s u a l l y  

s e l e c t e d   because  they  are  more  wa t e r - so lub l e   than  the  higher  r a t i o  

s i l i c a t e s .   However,  exposure  of  the  s i l i c a t e   to  carbon  d i o x i d e  

during  drying  and  s to rage   can  s h i f t   i ts   ra t io   to  a  higher  value  and 



reduce  i t s   s o l u b i l i t y ,   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  n o t  

comple te 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   s o l u t i o n ,   and  an 

u n a c c e p t a b l y   high  l e v e l   of  i n s o l u b l e   m a t e r i a l   being  d e p o s i t e d   on 

f a b r i c s .   The  i n s o l u b l e s   problem  can  be  p a r t i c u l a r l y   severe  when  t h e  

d e t e r g e n t   compos i t ion   a lso  c o n t a i n s   the  w a t e r - i n s o l u b l e  

a l u m i n o s i l i c a t e   m a t e r i a l   herein  s ince   h igher   l e v e l s   of  s i l i c a t e s  

( e . g . ,   above  about  3%)  enhance  the  d e p o s i t i o n   of  the  a l u m i n o -  

s i l i c a t e s   onto  f a b r i c s .  

BACKGROUND  ART 

U.S.  Pa t en t   3 ,985 ,669 ,   Krummel,  et  a l . ,   i s sued   October  12 ,  

1976,  d e s c r i b e s   the  use  of  low  l e v e l s   ( i . e . ,   about  0.5%  to  3%)  o f  

a l k a l i   metal  s i l i c a t e s   in  g r a n u l a r   d e t e r g e n t   compos i t i ons   a l s o  

c o n t a i n i n g   a l u m i n o s i l i c a t e   bu i l de r   m a t e r i a l s   to  p rov ide   b o t h  

co r ros ion   i n h i b i t i o n   and  c r i s p n e s s   b e n e f i t s   w i thou t   e n h a n c i n g  

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

U.S.  Pa ten t   4 ,072,621,   Rose,  i ssued  February  7,  1978,  d i s c l o s e s  

the  add i t ion   of  a  w a t e r - s o l u b l e   copolymer  of  a  v iny l   compound  and  

maleic  anhydr ide   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 i n g   a l u m i n o s i l i c a t e  

b u i l d e r s .   The  compos i t i ons   provide  improved  g ranu le   p h y s i c a l  

p r o p e r t i e s ,   p a r t i c u l a r l y   r e l a t i n g   to  reduced  d u s t i n e s s ,   and  improved 

c l ean ing   pe r formance   in  the  presence   of  a p p r e c i a b l e   amounts  o f  

o r t h o p h o s p h a t e   and  py rophospha te ,   such  as  formed  by  the  h y d r o l y s i s  

of  po lyphospha te s   during  s p r a y - d r y i n g   o p e r a t i o n s .   The  c o m p o s i t i o n s  

d i s c l o s e d   in  the  examples  conta in   20%  by  weight   of  p h o s p h a t e  
m a t e r i a l s .  

B r i t i s h   Pa ten t   2 ,048,841,   pub l i shed   December  17,  1980, 

d i s c l o s e s   the  use  of  polymeric   ac ry lamides   to  s t a b i l i z e   aqueous  
suspens ions   of  z e o l i t e s .   The  suspens ions   are  said  to  be  s u i t a b l e  

for  s p r a y - d r y i n g   to  obtain  d e t e r g e n t   c o m p o s i t i o n s .  

German  Pa ten t   2 ,615,698,   pub l i shed   October  20,  1977,  d e s c r i b e s  
s t ab l e   su spens ions   c o n t a i n i n g   a l u m i n o s i l i c a t e s ,   d i s p e r s i n g   a g e n t s  
which  can  i nc lude   polymers  c o n t a i n i n g   c a r b o x y l i c   and/or   h y d r o x y l  

groups,   and  s t a b i l i z a t i o n   agents .   The  s u s p e n s i o n s   are  said  to  be 

u se fu l   in  the  manufac ture   of  s p r a y - d r i e d   d e t e r g e n t s .  

German-patent   2 ,854,484,   pub l i shed   June  26,  1980,  d i s c l o s e s  

s t a b l e   z e o l i t e   su spens ions   c o n t a i n i n g   p o l y a c r y l a m i d e s   or  copo lymers  



t he reo f   with  a c r y l i c   acid.   The  suspens ions   are  said  to  be  u se fu l   a s  

s e q u e s t e r i n g   agents   in  s p r a y - d r i e d   d e t e r g e n t   c o m p o s i t i o n s .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   inven t ion   encompasses  g r anu la r   d e t e r g e n t  

compos i t ions   c o m p r i s i n g :  

(a)  from  about  5%  to  about  40%  by  weight  of  an  o r g a n i c  

s u r f a c t a n t   s e l e c t e d   from  the  group  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  c a t i o n i c   s u r f a c t a n t s ,   and  m i x t u r e s  

t h e r e o f ;  

(b)  from  about  10%  to  about  60%  of  a  f i n e l y   d i v i d e 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   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   o f :  

(1)  c r y s t a l l i n e   a l u m i n o s i l i c a t e   m a t e r i a l   of  the  f o r m u l a :  

wherein  z  and  y  a r e   at  l e a s t   6,  the  molar  r a t i o   of  z  to  y  i s  

from  1.0  to  0.5  and  x  is  from  10  to  264,  said  m a t e r i a l   having  a  

p a r t i c l e   s ize  d iameter   of  from  about  0.1  micron  to  about  10 

microns,   a  calc ium  ion  exchange  capac i ty   of  at  l e a s t   about  200 

mg.  CaCO3  e q . / g .   and  a  calcium  ion  exchange  ra te   of  at  l e a s t  

about  2  g ra ins   C a + + / g a l l o n / m i n u t e / g r a m / g a l l o n ;  

(2)  amorphous  hydrated  a l u m i n o s i l i c a t e   m a t e r i a l   of  t h e  

empi r i ca l   f o r m u l a :  

wherein  M  is  sodium,  potassium,  ammonium,  or  s u b s t i t u t e d  

anmonium,  z  is  from  about  0.5  to  about  2  and  y  is  1,  s a i d  

m a t e r i a l   having  a  magnesium  ion  exchange  c a p a c i t y   of  at  l e a s t  

about  50  m i l l i g r am  e q u i v a l e n t s   of  CaCO3  hardness  per  gram  o f  

anhydrous  a l u m i n o s i l i c a t e   and  a  M g   exchange  rate   of  a t  

l e a s t   about  1  g r a i n / g a l l o n / / m i n u t e / g r a m / g a l l o n ;   and 

(3)  mixtures   whereof ;  

(c)  from  about  5%  to  about  75%  by  weight  of  a  w a t e r - s o l u b l e  

n e u t r a l   or  a l k a l i n e   s a l t ;   and 



(d)  from  about  0.1%  to  about  10%  by  weight  of  a  f i l m - f o r m i n g  

polymer  s o l u b l e   in  an  aqueous  s l u r r y   compris ing  tne  above  

components ;   said  compos i t ion   c o n t a i n i n g   l ess   than  about  10%  by 

weigh t   of  phosphate   m a t e r i a l s   and  less   than  about  3%  by  weight  o f  

a l k a l i   metal   s i l i c a t e   m a t e r i a l s .  

The  f i l m - f l o w i n g   polymer  is  p r e f e r a b l y   r e p r e s e n t e d   by  a  c o p o -  

lymer  of  ac ry lamide   and  a c r y l a t e   having  a  mo lecu la r   weight  of  f rom 

about   3000  to  about  100.000  and  an  ac ry lamide   con ten t   of  less   t h a n  

about  50%. 

The  compos i t ion   f u r t h e r   p r e f e r a b l y   con ta in s   from  about  0.5% 

to  about  2%  of  a  sodium  or  potass ium  s i l i c a t e   having  a  molar  r a t i o  

of  SiO2  to  a l k a l i   metal  oxide  of  from  about  1  to  about  1 . 4 .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

c o n t a i n ,   as  e s s e n t i a l   components,   a  d e t e r g e n t   s u r f a c t a n t ,   an 

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 ,   a  w a t e r - s o l u b l e   n e u t r a l   o r  

a l k a l i n e   s a l t   and  a  f i lm- fo rming   polymer,  as  de sc r ibed   h e r e i n a f t e r .  

The  compos i t ions   conta in   l e s s   than  about  3%,  p r e f e r a b l y   less   than  

about  2%,  by  weight  of  a l k a l i   metal  s i l i c a t e   m a t e r i a l s   and  less   than 

about  10%,  p r e f e r a b l y   less   than  about  5%,  by  weight  of  p h o s p h a t e  

m a t e r i a l s .   Most  p r e f e r a b l y ,   the  compos i t ions   are  s u b s t a n t i a l l y   f r e e  

of  phosphate   m a t e r i a l s .  

The  compos i t ions   herein  are  prepared  by  drying  an  aqueous  

s l u r r y   compris ing  the  above  components.  The  s l u r r y   g e n e r a l l y  

con ta in s   from  about  25%  to  about  50%  water,   whereas  the  d r i e d  

granules   conta in   from  about  3%  to  about  15%  water.   The  d r y i n g  

ope ra t ion   can  be  accomplished  by  any  convenient   means,  for  example ,  

by  using  s p r a y - d r y i n g   towers,   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 ,  
f l u i d   beds,  f l a s h - d r y i n g   equipment,   or  i n d u s t r i a l   microwave  or  oven 

drying  equipment.   While  not  in tend ing   to  be  l imi t ed   by  theory,   i t  

is  be l i eved   tha t   the  g r anu la r   d e t e r g e n t s   herein  e x h i b i t   s u p e r i o r  

f r e e - f l o w i n g   c h a r a c t e r i s t i c s   because  the  f i lm- fo rming   polymer  d r i e s  

to  a  tough,  n o n - s t i c k y ,   non-hygroscop ic   fi lm  which  cements  t h e  

granule   wal ls   t o g e t h e r   much  in  the  same  manner  as  do  the  g l a s s y  

phosphates   and  s i l i c a t e s .   Since  the  polymer  film  is  r ead i ly   w a t e r -  

s o l u b l e ,   the  g ranu les   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  

so lu t i on   and  leave  l i t t l e   or  no  i n so lub l e   res idue   on  the  f a b r i c s .  

Moreover,  the  f i lm- fo rming   polymer  does  not  enhance  the  d e p o s i t i o n  

of  the  a l u m i n o s i l i c a t e   m a t e r i a l   onto  f a b r i c s ,   as  do  higher  l eve l s   o f  

the  a l k a l i   metal  s i l i c a t e s .  

Organic  S u r f a c t a n t  

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



about  40%  by  weight  of  an  o rgan ic   s u r f a c t a n t   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 n i o n i c ,   n o n i o n i c ,   z w i t t e r i c n i c ,   ampholy t ic   and 

c a t i o n i c   s u r f a c t a n t s ,   and  mix tu res   t h e r e o f .   The  s u r f a c t a n t  

p r e f e r a b l y   r e p r e s e n t s   from  about  10%  to  about  30%,  and  more 

p r e f e r a o l y   from  about  14%  to  about  20%,  by  weight  of  the  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   u se fu l   herein  are  l i s t e d   in  U.S.  P a t e n t  

3 ,664 ,961 ,   Nor r i s ,   i s sued   May  23,  1972,  and  in  U.S.  P a t e n t  

3 ,919,678,   Laugh l in ,   et  a l . ,   issued  December  30,  1975,  o o t h  

i n c o r p o r a t e d   herein  by  r e f e r e n c e .   Useful  c a t i o n i c   s u r f a c t a n t s   a l s o  

include  those  d e s c r i b e d   in  U.S.  Patent   4 ,222,905,   Cock re l l ,   i s s u e d  

September  16,  1980,  and  in  U.S.  Patent   4 ,239,659,   Murphy,  i s s u e d  

December  16,  1980,  both  i n c o r p o r a t e d   herein  by  r e f e r e n c e .   However, 

c a t i o n i c   s u r f a c t a n t s   are  g e n e r a l l y   less   compat ible   with  t h e  

a l u m i n o s i l i c a t e   m a t e r i a l s   h e r e i n ,   and  thus  are  p r e f e r a b l y   used  a t  

low  l e v e l s ,   if  at  a l l ,   in  the  p r e s e n t   compos i t ions .   The  f o l l o w i n g  

are  r e p r e s e n t a t i v e   examples  of  s u r f a c t a n t s   use fu l   in  the  p r e s e n t  

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

W a t e r - s o l u b l e   s a l t s   of  the  higher  f a t t y   ac ids ,   i . e . ,   " s o a p s " ,  

are  u se fu l   an ion ic   s u r f a c t a n t s   in  the  composi t ions   he re in .   Th i s  

inc ludes   a l k a l i   metal  soaps  such  as  the  sodium,  po tass ium,   ammonium, 

and  alkylolammonium  s a l t s   of  higher  f a t t y   acids  c o n t a i n i n g   f rom 

about  8  to  about  24  carbon  atoms,  and  p r e f e r a b l y   from  about  12  t o  

about  18  carbon  atoms.  Soaps  can  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  o i l s   or  by  the  n e u t r a l i z a t i o n   of  free  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 f u l   are  the  sodium  and  potassium  s a l t s   of  t h e  

mixtures   of  f a t t y   ac ids   de r ived   from  coconut  oi l   and  t a l low,   i . e . ,  

sodium  or  po tass ium  t a l l ow  and  coconut  soap.  
Useful  an ion ic   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  

s a l t s ,   p r e f e r a b l y   the  a l k a l i   metal ,   ammonium  and  a lkylo lammonium 

s a l t s ,   of  o rgan ic   s u l f u r i c   r eac t ion   products   having  in  t h e i r  

molecular   s t r u c t u r e   an  a lky l   group  con ta in ing   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   g roup .  
(Included  in  the  term  "a lky l "   is  the  a lkyl   por t ion   of  acyl  g r o u p s . )  

Examples  of  th i s   group  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 

potass ium  alk-yl  s u l f a t e s ,   e s p e c i a l l y   those  ob ta ined   by  s u l f a t i n g   t h e  

higher  a l c o h o l s   (C8-C18  carbon  atoms)  such  as  those  produced  by 

reducing  the  g l y c e r i d e s   of  t a l low  o r  coconu t   o i l ;   and  the  sodium  and 



po ta s s ium  a lky 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  

from  about  9  to  about  15  carbon  atoms,  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   in  U n i t e d  

S t a t e s   Pa t en t s   2,220,099  and  2,477,383.   E s p e c i a l l y   va luab le   a r e  

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  which  the  a v e r a g e  

number  of  carbon  atoms  in  the  a lkyl   group  is  from  about  11  to  13,  

a b b r e v i a t e d   as  C11-13LAS. 
Other  an i cn i c   s u r f a c t a n t s   herein  are  the  sodium  a lkyl   g l y c e r y l  

e ther   s u l f o n a t e s ,   e s p e c i a l l y   those  e the r s   of  higher  a l coho l s   d e r i v e d  

from  t a l low  and  coconut  o i l ;   sodium  coconut  oi l   f a t t y   a c i d  

monoglycer ide   s u l f o n a t e s   and  s u l f a t e s ;   sodium  or  po tass ium  s a l t s   o f  

a lky l   phenol  e thy lene   oxide  e ther   s u l f a t e s   con t a in ing   from  about  1 

to  about  10  un i t s   of  e thy lene   oxide  per  molecule  and  wherein  t h e  

a lky l   groups  contain   from  about  8  to  about  12  carbon  atoms;  and 

sodium  or  potass ium  s a l t s   of  a lkyl   e tnylene  oxide  e ther   s u l f a t e s  

c o n t a i n i n g   about  1  to  about  10  uni ts   of  e thylene   oxide  per  mo lecu l e  

and  wherein  the  a lkyl   group  conta ins   from  about  10  to  about  20 

carbon  a toms .  

Other  u se fu l   an ion ic   s u r f a c t a n t s   herein  include  t h e  

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 l p h a - s u l f o n a t e d   f a t t y   a c i d s  

c o n t a i n i n g   from  about  6  to  20  carbon  atoms  in  the  f a t t y   acid  g roup  
and  from  about  1  to  10  carbon  atoms  in  the  e s t e r   g r c 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 - l - s u l f o n i c   acids  c o n t a i n i n g  

from  about  2  to  9  carbon  atoms  in  the  acyl  group  and  from  about  9  t o  

about  23  carbon  atoms  in  the  alkane  moiety;  a lkyl   e the r   s u l f a t e s  

c o n t a i n i n g   from  about  10  to  20  carbon  atoms  in  the  a lkyl   group  and 

from  about  1  to  30  moles  of  e thylene   oxide;  w a t e r - s o l u b l e   s a l t s   o f  

o l e f i n   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;  and 

b e t a - a l k y l o x y   alkane  s u l f o n a t e s   conta in ing   from  about  1  to  3  ca rbon  

atoms  in  the  a lkyl   group  and  from  about  8  to  20  carbon  atoms  in  t h e  

alkane  m o i e t y .  

W a t e r - s o l u b l e   non ion ic   s u r f a c t a n t s   are  also  u se fu l   in  t h e  

compos i t ions   of  the  i nven t ion .   Such  nonionic  m a t e r i a l s   i n c l u d e  

compounds  produced  by  the  condensat ion  of  a lkylene   oxide  g roups  

( h y d r o p h i l i c   in  nature)   with  an  organic  hydrophobic  compound,  which  

may  be  a l i p h a t i c   or  a lkyl   aromatic  in  na ture .   The  length  of  t h e  

po lyoxya lky l ene   group  which  is  condensed  with  any  p a r t i c u l a r  



hydrophobic   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   degree  of  balance  between  h y d r o p h i l i c  

and  hydrophobic   e l e m e n t s .  

S u i t a b l e   non ionic  s u r f a c t a n t s   inc lude   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  a lky l   phenols ,   e . g . ,   the  condensa t ion   p roduc t s   o f  

a lky l   phenols   having  an  a lky l   group  c o n t a i n i n g   from  about  6  to  15 

carbon  atoms,  in  e i t h e r   a  s t r a i g h t   chain  or  branched  c h a i n  

c o n f i g u r a t i o n ,   with  from  about  3  to  12  moles  of  e thy lene   oxide  p e r  

mole  of  a lky l   p h e n o l .  

P r e f e r r e d   n o n i c n i c s   are  the  w a t e r - s o l u b l e   condensa t ion   p r o d u c t s  

of  a l i p h a t i c   a l coho l s   c o n t a i n i n g   from  8  to  22  carbon  atoms,  in  

e i t n e r   s t r a i g h t   chain  or  branched  c o n f i g u r a t i o n ,   with  from  3  to  12 

moles  of  e t hy l ene   oxide  per  mole  of  a l coho l .   P a r t i c u l a r l y   p r e f e r r e d  

are  the  condensa t ion   p roduc ts   of  a l coho l s   having  an  a lky l   g r o u p  

c o n t a i n i n g   from  about  9  to  15  carbon  atoms  with  from  about  4  to  8 

moles  of  e t h y l e n e   oxide  per  mole  of   a l c o h o l .  

Semi-po la r   non ion ic   s u r f a c t a n t s   inc lude  w a t e r - s o l u b l e   amine 

oxides   c o n t a i n i n g   one  a lky l   moiety  of  from  about  10  to  18  c a rbon  

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   of  a l k y l  

groups  and  hydroxya lky l   groups  c o n t a i n i n g   from  1  to  about  3  ca rbon  

atoms;  w a t e r - s o l u b l e   phosphine  oxides  c o n t a i n i n g   one  a lkyl   moiety  o f  

about  10  to  18  ca rom  atoms  and  2  mo ie 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 lkyl   groups  and  hydroxyalkyl   groups  c o n t a i n i n g   f rom 

about  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 s   c o n t a i n i n g  

one  a l ky l   moiety  of  from  about  10  to  18  carbon  atoms  and  a  m o i e t y  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  a lky l   and  h y d r o x y a l k y l  

m o i e t i e s   of  from  about  1  to  3  carbon  a toms .  

Ampholytic  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   o r  

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  branched  and  

wherein  one  of  the  a l i p h a t i c   s u b s t i t u e n t s   c o n t a i n s   from  about  8  t o  

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   con ta in s   an 
an ion 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   s u r f a c t a n t s   inc lude  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  sulfonium  compounds  in  which 

one  of  the  a l i p h a t i c   s u b s t i t u e n t s   con t a in s   from  about  8  to  18  ca rbon  

a toms .  



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  inc lude  l i n e a r  

a l k y l b e n z e n e   s u l f c n a t e s   c o n t a i n i n g   from  about  11  to  14  carbon  a toms  

in  the  a lky l   group;  t a l l o w a l k y l   s u l f a t e s ;   coconu ta lky l   g l y c e r y l  

e the r   s u l f o n a t e s ;   a lkyl   e the r   s u l f a t e s   wherein  the  a lkyl   m o i e t y  

c o n t a i n s   frcm  about  14  to  18  carbon  atoms  and  wherein  the  a v e r a g e  

degree  of  e t h o x y l a t i o n   is  from  about  1  to  4;  o l e f in   or  p a r a f f i n  

s u l f o n a t e s   co  t a i n i n g   from  about  14  to  16  carbon  a toms ;  

a l k y l d i m e t h y l   amine  oxides  wherein  the  a lkyl   group  con ta ins   from 

about  11  to  16  carbon  atoms;  a lkyldimethyiammonio  propane  s u l f o n a t e s  

and  a lkyld imethylammonio   hydroxy  propane  s u l f c n a t e s   wherein  t h e  

a lky l   group  con ta ins   from  about  14  to  18  carbon  atoms;  soaps  o f  

h igher   f a t t y   acids  c o n t a i n i n g   from  about  12  to  18  carbon  a toms;  
condensa t ion   products   of  C9-C15  a lcohols   with  from  about  4  to  8 

moles  of  e thy lene   oxide,  and  mixtures   t h e r e o f .  

S p e c i f i c   p r e f e r r e d   s u r f a c t a n t s   for  use  herein  include:   sodium 

l i n e a r   C11-13  a lky lbenzene   s u l f o n a t e ;   t r i e t h a n o l a m i n e   C11-13 
a lky lbenzene   s u l f o n a t e ;   sodium  tal low  alkyl   s u l f a t e ;   sodium  coconu t  

a lky l   g l y c e r y l   e ther   s u l f o n a t e ;   the  sodium  s a l t   of  a  s u l f a t e d  

condensa t ion   product   of  a  t a l low  alcohol   with  about  4  moles  o f  

e thy lene   oxide;   the  condensa t ion   product   of  a  coconut  f a t t y   a l c o h o l  

with  about  6  moles  of  e thy lene   oxide;  the  condensat ion  product  o f  

t a l low  f a t t y   a lcohol   with  about  11  moles  of  e thy lene   o x i d e ;  

3 - (N ,N-d ime thy l -N-coconu ta lky l ammonio ) -   2 - h y d r o x y p r o p a n e - l -  

s u l f o n a t e ;   3 - (N,N-d imethy l -N-coconuta lky lammonio-   p r o p a n e - 1 -  

s u l f o n a t e ;   6-(N-dodecylbenzyl-N,N-dimethylammonio)   h e x a n o a t e ;  

dodecyi  dimethyl   amine  oxide;   coccnut  a lky ld imethy l   amine  oxide;  and 

the  w a t e r - s o l u b l e   sodium  and  potassium  s a l t s   of  coconut  and  t a l l o w  

f a t t y   a c i d s .  

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  

The  d e t e r g e n t   compos i t ions   herein  also  contain  from  about  10% 

to  about  60%,  p r e f e r a b l y   from  about  15%  to  about  40%,  and  more 

p r e f e r a b l y   from  about  18%  to  about  30%,  by  weight  of  c r y s t a l l i n e  

a l u m i n o s i l i c a t e   ion  exchange  ma te r i a l   of  the  fo rmula  



wherein  z  and  y  a r e   at  l e a s t   about  6,  the  molar  ra t ion   of  z  to  y  i s  

from  about   1.0  to  about  0.5  and  x  is  from  about  10  to  about  264. 

Amorphous  hydra ted   a l u m i n o s i l i c a t e   m a t e r i a l s   u se fu l   herein  have  t h e  

e m p i r i c a l   f o r m u l a  

wherein  M  is  sodium,  po ta s s ium,   ammonium  or  s u b s t i t u t e d   amnonium,  z 

is  from  about  0.5  to  about  2  and  y  is  1,  said  m a t e r i a l   having  a 

magnesium  ion  exchange  c a p a c i t y   of  at  l e a s t   about  50  m i l l i g r a m  

e q u i v a l e n t s   of  CaCO3  hardness   per  gram  of  anhydrous  

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

The  a l u m i n o s i l i c a t e   ion  exchange  bu i lde r   m a t e r i a l s   herein  a r e  

in  hydra t ed   form  and  contain   from  about  10%  to  about  28%  of  water  by 

weight   if  c r y s t a l l i n e ,   and  p o t e n t i a l l y   even  higher  amounts  of  w a t e r  

if  amorphous.  Highly  p r e f e r r e d   c r y s t a l l i n e   a l u m i n o s i l i c a t e   i cn  

exchange  m a t e r i a l s   conta in   from  about  18%  to  about  22%  water  in  

t h e i r   c r y s t a l   matr ix .   The  c r y s t a l l i n e   a l u m i n o s i l i c a t e   ion  exchange  

m a t e r i a l s   are  f u r t h e r   c h a r a c t e r i z e d   by  a  p a r t i c l e   s ize  d iameter   o f  

from  about   0.1  micron  to  about  10  microns.   Amorphous  m a t e r i a l s   a r e  

often  s m a l l e r ,   e . g . ,   down  to  l ess   than  about  0.01  micron.  P r e f e r r e d  

ion  exchange  m a t e r i a l s   have  a  p a r t i c l e   size  diameter   of  from  a b o u t  

0.2  micron  to  about  4  microns .   The  term  " p a r t i c l e   size  d i a m e t e r "  

here in   r e p r e s e n t s   the  average  p a r t i c l e   s ize  diameter   of  a  given  ion 

exchange  m a t e r i a l   as  de te rmined   by  c o n v e n t i o n a l   a n a l y t i c a l  

t e c h n i q u e s   such  as,  for  example,  mic roscop ic   de te rmina t ion   u t i l i z i n g  

a  scanning   e l ec t ron   microscope .   The  c r y s t a l l i n e   a l u m i n o s i l i c a t e   ion 

exchange  m a t e r i a l s   herein  are  u s u a l l y   f u r t h e r   c h a r a c t e r i z e d   by  t h e i r  

ca lc ium  ion  exchange  c a p a c i t y ,   which  is  at  l e a s t   about  200  mg. 

e q u i v a l e n t   of  CaCD3 water  h a r d n e s s / g .   of  a l u m i n o s i l i c a t e ,  

c a l c u l a t e d   on  an  anhydrous  b a s i s ,   and  which  g e n e r a l l y   is  i n  t h e  

range  of  from  about  300  mg.  e q . / g .   to  about  352  mg.  eq . /g .   The 

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 s   herein  are  s t i l l   f u r t h e r  

c h a r a c t e r i z e d   by  t h e i r   ca lc ium  ion  exchange  ra te   which  is  at  l e a s t  

about  2  g r a in s   C a + + / g a l l o n / m i n u t e / g r a m / g a l l o n   of  a l u m i n o s i l i c a t e  

(anhydrous  b a s i s ) ,   and  g e n e r a l l y   l i e s   within  t he  r ange   of  from  a b o u t  

2  g r a i n s / g a l l o n / m i n u t e / g r a m / g a l l o n   to  about  6  g r a i n s / g a l l o n / m i n u t e /  



g r a m / g a l l o n ,   based  on  ca lc ium  ion  hardness .   Optimum  a l u m i n o s i l i c a t e  

for  b u i l d e r   purposes  e x h i b i t   a  calcium  ion  exchange  rate   of  at  l e a s t  

.  about  4  g r a i n s / g a l l o n / m i n u t e / g r a m / g a l l o n .  
T h e  a m o r p h o u s   a l u m i n o s i l i c a t e   ion  exchange  m a t e r i a l s   u s u a l l y  

h a v e   a  M g   exchange  c a p a c i t y   of  at  l e a s t   about  50  mg.  e g .  

CaCO3/g.   (12  mg.  M g  / g . )   and  a  M g   exchange  ra te   of  at  l e a s t  

about  1   g r a i n / g a l l o n / m i n u t e / g r a m / g a l l o n .   Amorphous  m a t e r i a l s   do  n o t  

e x h i b i t   an  obse rvab le   d i f f r a c t i o n   p a t t e r n   when  examined  by  Cu 

r a d i a t i o n   (1.54  Angstrom  U n i t s ) .  

A l u m i n c s i l i c a t e   ion  exchange  m a t e r i a l s   u se fu l   in  the  p r a c t i c e  

of  t h i s   invent ion  are  commercia l ly   a v a i l a b l e .   The  a l u m i n o s i l i c a t e s  

use fu l   in  th i s   invent ion   can  be  c r y s t a l l i n e   or  amorphous  in  

s t r u c t u r e   and  can  be  n a t u r a l l y - o c c u r r i n g   a l u m i n o s i l i c a t e s   o r  

s y n t h e t i c a l l y   der ived .   A  method  for  producing  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 s   is  d i s cus sed   in  U.S.  Patent  3 ,985,669,   Krummel, 

et  a l . ,   issued  October  12,  1976,  i nco rpo ra t ed   herein  by  r e f e r e n c e .  

P r e f e r r e d   s y n t h e t i c   c y r s t a l l i n e   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 s   use fu l   herein  are  a v a i l a b l e   under  the  d e s i g n a t i o n s   Z e o l i t e  

A,  Z e o l i t e   B,  and  Zeo l i t e   X.  In  an  e s p e c i a l l y   p r e f e r r e d   embodiment, 

the  c r y s t a l l i n e   a l u m i n o s i l i c a t e   ion  exchange  m a t e r i a l   has  t h e  

f o r m u l a  

wherein  x  is  from  about  20  to  about  30,  e s p e c i a l l y   about  27. 

Wate r -So lub le   Neutral   or  A lka l ine   S a l t  

The  g ranular   d e t e r g e n t s   of  t h e  p r e s e n t   invent ion  a d d i t i o n a l l y  

conta in   from  about  5%  to  about  75%,  p r e f e r a b l y   from  about  10%  t o  

about  60%,  and  more  p r e f e r a b l y   from  about  20%  to  about  50%,  by 

weight  of  a  w a t e r - s o l u b l e   n e u t r a l   or  a lka l ine   s a l t .   The  n e u t r a l   o r  

a l k a l i n e   s a l t   has  a  pH  in  so lu t ion   of  seven  or  g r e a t e r ,   and  can  be 

e i t h e r   organic   or  i no rgan ic   in  na tu re .   The  s a l t   a s s i s t s   in 

p rov id ing   the  des i red   dens i t y   and  bulk  to  the  d e t e r g e n t   g r a n u l e s  
here in .   While  some  of  the  s a l t s   are  i ne r t ,   many  of  them  a l s o  

func t ion   as  detergency  bu i lde r   m a t e r i a l s   in  the  l aunder ing   s o l u t i o n .  



Examples  of  n e u t r a l   w a t e r - s o l u b l e   s a l t s   inc lude   the  a l k a l i  

meta l ,   ammonium  or  s u b s t i t u t e d   ammonium  c h l o r i d e s ,   f l u o r i d e s   and  

s u l f a t e s .   The  a l k a l i   metal ,   and  e s p e c i a l l y   sodium,  s a l t s   of  t h e  

above  are  p r e f e r r e d .   Sodium  s u l f a t e   is  t y p i c a l l y   used  in  d e t e r g e n t  

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

Other  u se fu l   w a t e r - s o l u b l e   s a l t s   i nc lude   the  compounds  commonly 
known as  d e t e r g e n t   b u i l d e r   m a t e r i a l s .   Bu i lde r s   are  g e n e r a l l y  
s e l e c t e d   from  the  va r ious   w a t e r - s o l u b l e ,   a l k a l i   metal ,   ammonium  o r  

s u b s t i t u t e d   ammonium  phospha t e s ,   p o l y p h o s p h a t e s ,   p h o s p h o n a t e s ,  .  

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

s u l f o n a t e s ,   p o l y a c e t a t e s ,   c a r b o x y l a t e s ,   and  p o l y c a r b o x y l a t e s .  

P r e f e r r e d   are  the  a l k a l i   meta l ,   e s p e c i a l l y   sodium,  s a l t s   of  t h e  

above.  Howerve,  as  p r e v i o u s l y   d e s c r i b e d ,   the  p r e s e n t   c o m p o s i t i o n s  

c o n t a i n   l ess   than  about  3%,  p r e f e r a b l y   l ess   than  about  2%,  by  w e i g h t  

of  s i l i c a t e   m a t e r i a l s   and  less   than  about  10%,  p r e f e r a b l y   less   t h a n  

about  5%,  by  weight  cf  phosphate   m a t e r i a l s .   Most  p r e f e r a b l y ,   t h e  

compos i t i ons   are  s u b s t a n t i a l l y   free  of  p h o s p h a t e s .  

S p e c i f i c   examples  of  i n o r g a n i c   phospha te   b u i l d e r s   are  sodium 

and  po tass ium  t r i p o l y p h o s p h a t e ,   py rophospha t e ,   p o l y m e r i c  

metaphosphate   having  a  degree  of  p o l y m e r i z a t i o n   of  from  about  6  t o  

21,  and  o r t h o p h o s p h a t e .   Examples  of  po lyphosphona te   b u i l d e r s   a r e  

the  sodium  and  po tass ium  s a l t s   of  e t h y l e n e   d iphosphon ic   acid,   t h e  

sodium  and  potass ium  s a l t s   of  e thane  1 - h y a r e x y - 1 , 1 - d i p n o s p h o n i c   a c i d  

and  the  sodium  and  po tass ium  s a l t s   of  e thane ,   1 , 1 , 2 - t r i p h o s p h o n i c  

ac id .   Other  phosphorus  b u i l d e r   compounds  are  d i s c l o s e d   in  U.S.  

P a t e n t s   3 ,159,581;   3 ,213,030;   3 ,422 ,021 ;   3 ,422,137;   3 ,400,176  and 

3 ,400 ,148 ,   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 .  

Examples  of  non-phosphorus ,   i n o r g a n i c   b u i l d e r s   are  sodium  and 

po ta s s ium  ca rbona te ,   b i c a r b o n a t e ,   s e s q u i c a r b o n a t e ,   t e t r a b o r a t e  

d e c a h y d r a t e ,   and  s i l i c a t e   having  a  molar  r a t i o   of  SiO2  to  a l k a l i  

metal  oxide  of  from  about  0.5  to  about  4.0,  p r e f e r a b l y   from  a b o u t  

1.0  to  about  2 . 4 .  

W a t e r - s o l u b l e ,   non-phosphorus   o rgan ic   b u i l d e r s   u se fu l   h e r e i n  

inc lude   the  var ious   a l k a l i   metal ,   ammonium  and  s u b s t i t u t e d   ammonium 

p o l y a c e t a t e s ,   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   and  p o l y h y d r o x y -  

s u l f o n a t e s .   Examples  of  p o l y a c e t a t e   and  p o l y c a r b o x y l a t e   b u i l d e r s  

are  the  sodium,  potass ium,   l i t h ium,   ammonium  and  s u b s t i t u t e d  



ammonium  s a l t s   of  e thy lene   diamine  t e t r a a c e t i c   acid,  n i t r i l o t r i -  

a c e t i c   acid,   o x y d i s u c c i n i c   acid,   m e l l i t i c   acid,   benzene  p o l y -  

c a r b o x y l i c   acids,   and  c i t r i c   a c i d .  

Highly  p r e f e r r e d   p o l y c a r b o x y l a t e   b u i l d e r s   he re in   are  set  f o r t h  

in  U.S.  Patent   No.  3 ,308,067,   Diehl,   i ssued  March  7,  1967 

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 .   Such  m a t e r i a l s   inc lude  the  w a t e r -  

so lub le   s a l t s   of  homo- and  copolymers  of  a l i p h a t i c   ca rboxy l i c   a c i d s  

such  as  maleic  acid,  i t a c o n i c   acid,   mesaconic  acid,   fumaric  a c i d ,  

a c o n i t i c   acid,   c i t r a c o n i c   acid  and  methylenemalonic   a c i d .  

Other  useful   b u i l d e r s   he re in   are  sodium  and  p o t a s s i u m  

carboxymethyloxymalonate ,   c a rboxyme thy loxysucc ina t e ,   c i s - c y c l o -  

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

p h l o r o g l u c i n o l   t r i s u l f o n a t e ,   and  the  copolymers  of  maleic  a n h y d r i d e  
with  v inyl   methyl  e ther   or  e t h y l e n e .  

Other  s u i t a b l e   p o l y c a r b o x y l a t e s   for  use  he re in   are  t h e  

p o l y a c e t a l   c a r b o x y l a t e s   de sc r ibed   in  U.S.  Patent   4,144,226,   i s s u e d  

March  13,  1979  to  C r u t c h f i l e d ,   et  a l . ,   and  U.S.  Patent   4 , 2 4 6 , 4 9 5 ,  
i ssued  March  27,  1979  to  C r u t c h f i e l d ,   et  a l . ,   both  i n c o r p o r a t e d  

he r e in   by  r e f e r ence .   These  p o l y a c e t a l   ca rboxy la t e s   can  be  p r e p a r e d  

by  b r i n g i n g   toge ther   under  p o l y m e r i z a t i o n   condi t ions   an  e s te r   o f  

g l y o x y l i c   acid  and  a  p o l y m e r i z a t i o n   i n i t i a t o r .   The  r e s u l t i n g  

p o l y a c e t a l   c a rboxy la t e   e s t e r   is  then  a t t ached   to  chemical ly   s t a b l e  

end  groups  to  s t a b i l i z e   the  p o l y a c e t a l   ca rboxy la te   aga ins t   r a p i d  

depo lymer i za t i on   in  a l k a l i n e   s o l u t i o n ,   converted  to  t h e  

cor responding   s a l t ,   and  added  to  a  s u r f a c t a n t .  

Other  de tergency  b u i l d e r   m a t e r i a l s   useful   he re in   are  t h e  

"seeded  b u i l d e r "   composi t ions   d i s c l o s e d   in  Belgian  Patent   No. 

798,856,  issued  October  29,  1973,  i nco rpo ra t ed   he re in   by  r e f e r e n c e .  

S p e c i f i c   examples  of  such  seeded  b u i l d e r   mixtures  are:   3:1  wt .  

mixtures   of  sodium  carbonate   and  calcium  carbonate   having  5  mic ron  

p a r t i c l e   d iameter ;   2 .7 :1   wt.  mixtures   of  sodium  se squ ica rbona te   and  

calcium  carbonate   having  a  p a r t i c l e   diameter   of  0.5  microns;  20 :1  

wt.  mixtures   of  sodium  s e s q u i c a r b o n a t e   and  calcium  hydroxide  h a v i n g  

a  p a r t i c l e   diameter   of  0.01  micron;  and  a  3:3:1  wt.  mixture  o f  
sodium  carbonate ,   sodium  a luminate   and  calcium  oxide  having  a  

p a r t i c l e   diameter   of  5  m i c r o n s .  



Film-Forming  Polymer  

The  compos i t ions   of  the  p r e s e n t   i n v e n t i o n   a l so   c o n t a i n   f rom 

about   0.1%  to  about   10%,  p r e f e r a b l y   from  about  0.5%  to  about  7%,  and  

more  p r e f e r a b l y   from  about   1%  to  about  4%,  by  weight   of  a  

f i l m - f o r m i n g   p o l y m e r  s o l u b l e   in  an  aqueous  s l u r r y   compr is ing   t h e  

o rgan ic   s u r f a c t a n t s ,   a l u m i n o s i l i c a t e   m a t e r i a l s ,   and  n e u t r a l   o r  

a l k a l i n e   s a l t s   h e r e i n .   I t   w i l l   be  a p p r e c i a t e d   t h a t   the  polymer  mus t  

be  at  l e a s t   p a r t i a l l y   s o l u b l e   in  the  s l u r r y   for  i t   to  dry  to  a  f i l m  

capable   of  cement ing  the  g ranule   wal ls   t o g e t h e r   as  the  s l u r r y   i s  

d r i e d .   For  optimum  g r anu l e   p h y s i c a l   p r o p e r t i e s ,   the  polymer  s h o u l d  

be  s u b s t a n t i a l l y   s o l u b l e   in  the  s l u r r y ,   and  is  p r e f e r a b l y   c o m p l e t e l y  

so lub l e   in  the  s l u r r y .   The  s l u r r y   wi l l   t y p i c a l l y   comprise  a  

s u r f a c t a n t   phase  and  the  i n s o l u b l e   a l u m i n o s i l i c a t e   m a t e r i a l  

suspended  in  a  s o l u t i o n   (of ten   s a t u r a t e d )   of  the  n e u t r a l   or  a l k a l i n e  

s a l t ,   which  p r e f e r a b l y   comprises   sodium  s u l f a t e .   The  s l u r r y   w i l l  

u s u a l l y   be  a l k a l i n e   in  na tu r e   due  to  the  p resence   of  t h e  

a l u m i n o s i l i c a t e   m a t e r i a l   and  e i t h e r   an ion ic   s u r f a c t a n t s   or  a l k a l i n e  

s a l t s .   Since  the  s l u r r y   wi l l   g e n e r a l l y   be  a  s t r ong   e l e c t r o l y t e  

s o l u t i o n ,   optimum  s o l u b i l i t y   of  the  polymer  is  o b t a i n e d   when  i t   i s  

in  the  form  of  an  at  l e a s t   p a r t i a l l y   n e u t r a l i z e d   or  s u b s t i t u t e d  

a l k a l i   metal ,   ammonium  or  s u b s t i t u t e d   ammonium  ( e . g . ,   mono-,  d i -   o r  

t r i e t h a n o l   ammonium)  s a l t .   The  a l k a l i   metal,   e s p e c i a l l y   sodium, 

s a l t s   are  most  p r e f e r r e d .   While  the  molecular   weight  of  the  po lymer  

can  vary  over  a  wide  range,   i t   p r e f e r a b l y   is  from  about  1000  t o  

about  500,000,  more  p r e f e r a b l y   is  from  about  2000  to  about  250 ,000 ,  

and  most  p r e f e r a b l y   is  from  about  3000  to  about  1 0 0 , 0 0 0 .  

S u i t a b l e   f i l m - f o r m i n g   polymers  h e r e i n  i n c l u d e   homopolymers  and  

copolymers  of  u n s a t u r a t e d   a l i p h a t i c   mono-  or  p o l y c a r b o x y l i c   a c i d s .  

P r e f e r r e d   c a r b o x y l i c   ac ids   are  a c r y l i c   acid,   h y d r o x y a c r y l i c   a c i d ,  

m e t h a c r y l i c   acid,   male ic   ac id ,   fumaric  acid,   i t a c o n i c   acid,   a c o n i t i c  

acid,   c r o t o n i c   acid,   and  c i t r a c o n i c   ac id .   The  p o l y c a r b o x y l i c   a c i d s  

(e .g.   male ic   ac id)   can  be  po lymer i sed   in  the  form  of  t h e i r  

anhydr ides   and  s u b s e q u e n t l y   hydro lyzed .   The  copolymers  can  b e  

formed  of  mix tures   of  the  u n s a t u r a t e d   c a r b o x y l i c   ac ids   with  o r  

wi thout   o ther   c o p o l y m e r i s a b l e   monomers,  or  they  can  be  formed  from 

s i n g l e   u n s a t u r a t e d   c a r b o x y l i c   acids   with  o ther   c o p o l y m e r i s a b l e  

m o n o m e r s .  I n   e i t h e r   case,   the  pe rcen tage   by  weight  of  the  po lymer  



un i t s   de r ived   from  n o n - c a r b o x y l i c   ac ids   is  p r e f e r a b l y   less   t h a n  

about  50%.  S u i t a b l e   c o p o l y m e r i s a b l e   monomers  inc lude ,   for  example ,  

vinyl   c h l o r i d e ,   v iny l   a l c o h o l ,   furan,   a c r y l o n i t r i l e ,   v inyl   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 ty rene ,   v inyl   methyl  e t h e r ,  

v inyl   e thyl   e the r ,   v inyl   p ropyl   e the r ,   acrylamide ,   e t h y l e n e ,  

propylene   and  3 - b u t e n o i c   a c i d .  

P r e f e r r e d   p o l y m e r s  o f   the  above  group  are  the  homopolymers  and  

copolymers  of  a c r y l i c   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,   which  in  the  case  of  the  copolymers  con ta in   at  l e a s t   a b o u t  

50%,  and  p r e f e r a b l y   at  l e a s t   about  80%,  by  weight  of  un i t s   d e r i v e d  

from  the  ac id .   P a r t i c u l a r l y   p r e f e r r e d   polymers  are  sodium 

p o l y a c r y l a t e   and  sodium  p o l y h y d r o x y a c r y l a t e .   Other  s p e c i f i c  

p r e f e r r e d   polymers  are  the  homopolymers  and  copolymers  of  m a l e i c  

anhydr ide ,   e s p e c i a l l y   the  copolymers  with  e thy lene ,   s ty rene   and 

vinyl   methyl  e the r .   These  polymers  are  commercial ly  a v a i l a b l e   under  

the  t rade   names  Ver s i co l   and  G a n t r e z .  

The  p o l y m e r i s a t i o n   of  a c r y l i c   acid  homo-  and  copolymers  can  b e  

accomplished  using  f r e e - r a d i c a l   i n i t i a t o r s ,   such  as  a l k a l i   m e t a l  

p e r s u l p h a t e s ,   acyl  and  aryl   p e r o x i d e s ,   acyl  and  a ry l   p e r e s t e r s   and  

a l i p h a t i c   azocomcounds.  The  r e a c t i o n   can  be  c a r r i e d   out  in  s i tu   o r  

in  aqueous  or  non-aqueous  s o l u t i o n s   or  suspens ions .   C h a i n -  

t e r m i n a t i n g   agents   can  be  added  to  con t ro l   the  molecular   w e i g h t .  

The  copolymers  of  maleic  anhydr ide   can  be  s y n t h e s i s e d   using  any  o f  

the  types  of  f r e e - r a d i c a l   i n i t i a t o r s   mentioned  above  in  s u i t a b l e  

so lven t s   such  as  benzene  or  ace tone ,   or  in  the  absence  of  a  s o l v e n t ,  

under  an  i n e r t   a tmosphere .   These  p o l y m e r i s a t i o n   t echn iques   are  w e l l  

known  in  the  a r t .   It   wi l l   be  a p p r e c i a t e d   tha t   i n s t ead   of  using  a  

s ing le   po lymer ic   a l i p h a t i c   c a r b o x y l i c   acid,  mixtures   of  two  or  more 

polymeric   a l i p h a t i c   c a r b o x y l i c   acids   can  be  used  to  p repare   t h e  

above  p o l y m e r s .  

Other  f i l m - f o r m i n g   polymers  u se fu l   here in   inc lude  the  c e l l u l o s e  

s u l f a t e   e s t e r s   such  as  c e l l u l o s e   a c e t a t e   s u l f a t e ,   c e l l u l o s e   s u l f a t e ,  

hydroxye thy l   c e l l u l o s e   s u l f a t e ,   m e t h y l c e l l u l o s e   s u l f a t e ,   and 

h y d r o x y p r o p y l c e l l u l o s e   s u l f a t e .   Sodium  c e l l u l o s e   s u l f a t e   is  t h e  

most  p r e f e r r e d   polymer  of  t h i s   g r o u p .  

Other  s u i t a b l e   f i lm- fo rming   polymers  are  the  c a r b o x y l a t e d  

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



d e s c r i b e d   in  U.S.  Pa ten t   3 ,723,322,   Diehl,   i s sued   March  27,  1973;  

the  d e x t r i n   e s t e r s   of  p o l y c a r b o x y l i c   acids  d i s c l o s e d   in  U.S.  P a t e n t  

3 ,919 ,107 ,   Thompson,  i s sued   November  11,  1975;  the  h y d r o x y a l k y i  

s t a r c h   e t h e r s ,   s t a r c h   e s t e r s ,   ox id ized   s t a r c h e s ,   d e x t r i n s   and  s t a r c h  

h y d r o l y s a t e s   d e s c r i b e d   in  U.S.  Pa ten t   3 ,803,285,   Jensen,   i s s u e d  

Apr i l   9 ,  1974 ;   and  the  c a r b o x y l a t e d   s t a r c h e s   d e s c r i b e d   in  U.S .  

Pa ten t   3 ,629 ,121 ,   Eldib,   issued  December  21,  1971;  a l l   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 .   P r e f e r r e d   polymers  of  the  above  group  are  t h e  

carboxymethyl   c e l l u l o s e s .  

P a r t i c u l a r l y   p r e f e r r e d   polymers  for  use  h e r e i n   are  copolymers  

of  ac ry lamide   and  a c r y l a t e   having  a  molecular   weight   of  from  a b o u t  

3,000  to  about  100,000,   p r e f e r a b l y   from  about  4,000  to  about  20 ,000 ,  

and  an  ac ry lamide   c o n t e n t   of  less  than  about  50%,  p r e f e r a b l y   l e s s  

than  about  20%,  of  the  polymer.  Most  p r e f e r a b l y ,   the  polymer  has  a  

molecular   weight  of  from  about  4,000  to  about  10,000  and  an  

ac ry lamide   c o n t e n t   of  from  about  5%  to  about  15%.  Such  a  po lymer  

acts   to  i n c r e a s e   the  pe r cen t age   of  a  c r u t c h e r   mix  tha t   is  in  t h e  

aqueous  (lye)  phase.   This  improves  the  ra te   at  which  d r o p l e t s   o f  

the  c r u t c h e r   mix  w i l l   dry  in  a  spray  tower  and  can  d e s i r a b l y  

i n c r e a s e   the  d e n s i t y   of  the  r e s u l t i n g   d e t e r g e n t   g ranu les   when,  f o r  

example,  l a rge   amounts  of  sodium  s u l f a t e   or  o the r   h i g h - d e n s i t y  

i no rgan i c   s a l t   is  in  the  lye  p h a s e .  

It  has  a l so   been  found,  s u r p r i s i n g l y ,   tha t   a  mixture  of  t h e  

p r e f e r r e d   p o l y a c r y l a m i d e   copolymer  and  from  about  0.5%  to  about  2%, 

p r e f e r a b l y   from  about  0.5%  to  about  1%,  by  weight  of  a  l o w - r a t i o  

s i l i c a t e ,   i . e . ,   one  having  a  r a t i o   of  from  about  1.0  to  about  1 . 4 ,  

p rov ides   optimum  g ranu le   s t r u c t u r e   and  s o l u b i l i t y .   In  an  e s p e c i a l l y  

p r e f e r r e d   a spec t ,   the  c r u t c h e r   mix  con ta ins   a d d i t i o n a l   a l k a l i n i t y ,  

e . g . ,   by  way  of  added  sodium  carbonate   at  a  l e v e l   of  from  about  1% 

to  about  30%  or  i t s   a l k a l i n i t y   e q u i v a l e n t ,   as  a  w a t e r - s o l u b l e  

i no rgan i c   m a t e r i a l   and  conta ins   less   than  about  50%  sodium  s u l f a t e ,  

by  weight  of  the  f i n i s h e d   product ,   p r e f e r a b l y   less   than  about  30%, 

to  achieve   normal  d e n s i t i e s   without   a d d i t i o n a l   a d d i t i v e s .  

Other  i n g r e d i e n t s   commonly  used  in  d e t e r g e n t   composi t ions   c a n  

be  inc luded   in  the  compos i t ions   of  the  p r e s e n t   i n v e n t i o n .   These  

inc lude   color   s p e c k l e s ,   b l each ing   agents   and  b leach   a c t i v a t o r s ,   suds  

b o o s t e 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  



agents ,   so i l   suspending  agen ts ,   s o i l   r e l e a s e   agents ,   dyes,  f i l l e r s ,  

o p t i c a l   b r i g h t e n e r s ,   ge rmic ides ,   pH  a d j u s t i n g   agents ,   n o n - b u i l d e r  

a l k a l i n i t y   sources ,   h y d r o t r o p 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 ,  

a n d  p e r f u m e s .  

The  fo l lowing   n o n - l i m i t i n g   examples  i l l u s t r a t e   the  d e t e r g e n t  

composi t ions   of  the  p r e s e n t   i n v e n t i o n .  

All  p e r cen t ages ,   p a r t s ,   and  r a t i o s   used  h e r e i n   are  by  w e i g h t  

unless   o therwise   s p e c i f i e d .  

The  fo l lowing  g r a n u l a r   d e t e r g e n t   compos i t ions   were  e v a l u a t e d  

using  the  i n d i c a t e d   t e s t s .  

Compression  T e s t  

The  g ranules   are  poured  into  a  s tandard   c y l i n d e r   and  compressed 

by  applying  a  20  pound  weight  for  about  60  seconds.   The  d i f f e r e n c e  

in  he igh t   in  inches  is  the  compression  grade.  Lower  numbers  a r e  
t h e r e f o r e   b e t t e r .   Grades  of  l ess   than  about  30  are  a c c e p t a b l e .  

Cake  T e s t  

The  compressed,  unsuppor ted   c y l i n d e r   of  g ranu les   c rea ted   by  t h e  

compression  t e s t   is  f r a c t u r e d   by  applying  a  weight  to  the  top  u n t i l  

the  cy l inde r   f r a c t u r e s .   The  weight  in  pounds  r equ i red   to  f r a c t u r e  

the  cy l inde r   is  the  cake  grade.  For  products   p repared   in  a  sma l l  

10'  d iameter   tower,  grades  of  less  than  about  20  are  a c c e p t a b l e .  

Black  Fabr ic   T e s t  

The  d e t e r g e n t   composi t ion   is  d i s s o l v e d   in  water  under  s t a n d a r d  

c o n d i t i o n s   and  f i l t e r e d   with  suc t ion   through  a  black  kni t   fabr ic   and  

graded  a g a i n s t   pho tograph ic   s t a n d a r d s .   Grades  of  8  to  10  a r e  

a c c e p t a b l e .  

EXAMPLE  I  



The  above  compos i t i on   had  a  b lack   f a b r i c   grade  of  4.  Grades  o f  

10  were  o b t a i n e d   when  the  8.5  p a r t s   of  sodium  s i l i c a t e   was  r e p l a c e d  

with:   8.5  p a r t s   of  sodium  s u l f a t e ;   1.5  p a r t s   of  sodium  c a r b o x y m e t h y l  

c e l l u l o s e   and  7  p a r t s   of  sodium  s u l f a t e ;   3  p a r t s   of  sodium 

carboxymethyl   c e l l u l o s e   and  5.5  p a r t s   of  sodium  s u l f a t e ;   0.8  p a r t s  

of  sodium  c e l l u l o s e   s u l f a t e   and  7 .7   pa r t s   of  sodium  s u l f a t e ;   and  3 

p a r t s   of  sodium  c e l l u l o s e   s u l f a t e   and  5.5  pa r t s   of  sodium  s u l f a t e .  

EXAMPLES 



Under  s t r e s s   s to rage   c o n d i t i o n s ,   e . g . ,   high  humidi ty   and  

t empera tu re ,   the  composi t ion   of  Example  II  e x h i b i t s   marginal   c ake  

and  compression  g r a d e s .  



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

(a)  from  about  5%  to  about  40%  by  weight  of  an  o r g a n i c  
s u r f a c t a n t   s e l e c t e d   from  the  group  c o n s 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 ,   ampholy t ic   and  c a t i o n i c   s u r f a c t a n t s ,   and  m i x t u r e s  

t h e r e o f ;  

( b )   from  about   10%  to  about   60%  by  weight  of  a  f i n e l y   d i v i d e 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   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   o f :  

( 1 )   c r y s t a l l i n e   a l u m i n o s i l i c a t e   m a t e r i a l   of  the  f o r m u l a :  

wherein  z  and  y  are  at  l e a s t   6,  the  molar  r a t i o   of  z  to  y  i s  

from  1.0  to  0.5  and  x  is  from  10  to  264,  said  m a t e r i a l   h a v i n g  

a  p a r t i c l e   s ize   d i ame te r   of  from  about  0.1  micron  to  about  10 

microns ,   a  calc ium  ion  exchange  c apac i t y   of  at  l e a s t   about  200 

mg.  CaCO3  e q . / g .   and  a  calc ium  ion  exchange  ra te   of  at  l e a s t  

about  2  g ra ins   C a + + / g a l l o n / m i n u t e / g r a m / g a l l o n ;  

(2)  amorphous  h y d r a t e d   a l u m i n o s i l i c a t e   m a t e r i a l   of  t h e  

e m p i r i c a l   f o r m u l a :  

where in   M  is  sodium,  po tass ium,   ammonium,  or  s u b s t i t u t e d  

ammonium,  z  is  from  about  0.5  to  about  2  and  y  is  1,  s a i d  

m a t e r i a l   having  a  magnesium  ion  exchange  c a p a c i t y   of  at  l e a s t  

about  50  m i l l i g r a m   e q u i v a l e n t s   of  CaCO3  hardness   per  gram  o f  

anhydrous  a l u m i n o s i l i c a t e   and  a  M g   exchange  r a t e   of  a t  

l e a s t   about   1  g r a i n / g a l l o n / m i n u t e / g r a m / g a l l o n ;   and  

(3)  mix tures   t h e r e o f ;   and  

(c)  from  about  5%  to  about  75%  by  weight  of  a  w a t e r - s o l u b l e  

n e u t r a l   or  a l k a l i n e   s a l t ;   and  

(d)  from  about  0.1%  to  about  10%  by  weight  of  a  f i l m - f o r m i n g  

polymer  so lub l e   in  an  aqueous  s l u r r y   comprising  the  above  

components;  sa id   compos i t ion   c o n t a i n i n g   less   than  about  10%  b y  

weight  of  phosphate   m a t e r i a l s   and  l ess   than  about  3%  by  weight  o f  

a l k a l i   metal  s i l i c a t e   m a t e r i a l s .  



2 .   A   composi t ion   a c c o r d i n g   to  Claim  1  wherein  the  o r g a n i c  
s u r f a c t a n t   r e p r e s e n t s  f r o m   10%  to  30%  by 
w e i g h t  a n d  i s  s e l e c t e d   from  the  group  c o n s i s t i n g   of  l i n e a r  

a l k y l b e n z e n e   s u l f o n a t e s   c o n t a i n i n g   from  about  11  to  14  carbon  a toms  

in  t h e  a l k y l   group,  t a l l o w a l k y l   s u l f a t e s ;   coconu ta lky l   g l y c e r y l  

e ther   s u l f o n a t e s ;   a lky l   e the r   s u l f a t e s   wherein  the  a lky l   m o i e t y  

con t a in s   from  about  14  to  18  carbon  atoms  and  wherein  the  a v e r a g e  

degree  of  e t h o x y l a t i o n   is  from  about  1  to  4;  o l e f i n   or  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  about  14  to  16  carbon  a toms;  

a l k y l d i m e t h y l   amine  oxides  wherein  the  a lkyl   group  con ta ins   from 

about  11  to  16  carbon  atoms;  a lkyldimethylammonio  propane  s u l f o n a t e s  

and  a lkyldimethylammonio  hydroxy  propane  s u l f o n a t e s   wherein  t h e  

a lky l   group  con ta ins   from  about  14  to  18  carbon  atoms;  soaps  o f  

h igher   f a t t y   acids  c o n t a i n i n g   from  about  12  to  18  carbon  a toms;  

condensa t ion   products   of  C9-C15  a l coho l s   with  from  about  4  to  8 

moles  of  e thy lene   oxide,  and  mixtures   t h e r e o f .  

3..  A  composi t ion   accord ing   to  Claim  1  comprising  from  a b o u t  
15%  to  about  30%  by  weight  of  the  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   of  the  f o r m u l a  

wherein  x  is  from  about  20  to  about  30. 

4.  A  composi t ion   accord ing   to  Claim  1  comprising  from  about  10% 
to  about  60%  by  weight  of  the  w a t e r - s o l u b l e   neu t r a l   or  a l k a l i n e   s a l t .  

5.  A  composi t ion   accord ing   to  Claim  1  comprising  from  about  0.5% 
to  about  7%  by  weight  of  the  f i lm- fo rming   polymer  having  a  m o l e c u l a r  
weight  of  from  about  1000  to  about  500 ,000 .  



6.  A  compos i t ion   accord ing   to  Claim  1  wherein  t h e  

.  f i l m - f o r m i n g   polymer  is  an  at  l e a s t   p a r t i a l l y   n e u t r a l i z e d   s a l t   of  a  

homopolymer  or  copolymer  of  an  u n s a t u r a t e d   c a r b o x y l i c   acid  s e l e c t e d  

from  the  group  c o n s i s t i n g   of  a c r y l i c   acid,   h y d r o x y a c r y l i c   a c i d ,  

m e t h a c r y l i c - a c i d ,   maleic   ac id ,   fumaric   ac id ,   i t a c o n i c   a c i d ,  a c o n i t i c  
ac id ,   c r o t o n i c   ac id ,   and  c i t r a c o n i c   a c i d .  

7.   A  compos i t ion   accord ing   to  Claim  6  wherein  the  f i l m - f o r m i n g  

polymer  is  s e l e c t e d   from:  a  copolymer  of  ac ry lamide   and  sodium 

a c r y l a t e   having  a  mo lecu la r   weight  of  from  about  3000  to  about  1 0 0 , 0 0 0  

and  an  ac ry l amide   con ten t   of  less   than  about  50%,  p r e f e r a b l y   f r o m  

about  5%  to  about  15%;  and  sodium  p o l y a c r y l a t e   or  sodium 

p o l y h y d r o x y a c r y l a t e .  

8.  A  compos i t ion   accord ing   to  Claim  1  wherein  t h e  

f i l m - f o r m i n g   polymer  is  a  copolymer  of  v inyl   methyl  e ther   and  m a l e i c  

a n h y d r i d e .  

9.  A  compos i t ion   accord ing   to  Claim  1  wherein  t h e  

f i l m - f o r m i n g   polymer  is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  s a l t s  

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

h y d r o x y p r o p y l c e l l u l o s e   s u l f a t e .  

10.  A  c o m p o s i t i o n  a c c o r d i n g   to  Claim  1  c o n t a i n i n g   f rom 

about  0.5%  to  about  2%  by  weight  of  sodium  or  potassium  s i l i c a t e  

having  a  molar  r a t i o   of  SiO2  to  a l k a l i   metal  oxide  of  from  a b o u t  

1  to  about  1 . 4 .  
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