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©  Lime  soap  dispersing  compositions  and  their  use. 
Compositions  and  method  of  using  such  compositions 

in  washing  applications  which  comprise  at  least  one  water- 
soluble  organic  surfactant  selected  from  anionic  and 
nonionic  surfactants  and  a  lime  soap  dispersant  having 
molecular  weight  of  2,000  to  200,000  that  is  a  homopolymer 
of  a  polyalkylene  glycol  monoacrylate,  a  copolymer  of  an 
acrylamido  alkane  sulfonic  acid  and  a  polyalkylene  glycol 
monoacrylate,  or  a  water-soluble  salt  thereof,  the  copolymer 
being  composed  of  5  to  80%  by  weight  of  polymerized  units 
derived  from  the  sulfonic  acid  and  relative  amount  of  the 
surfactant  to  the  copolymer  is  in  the  range  of  125'1  to  1/10. 



BACKGROUND  OF  THE  INVENTION 

The  use   of  s o a p   as  a  c l e a n i n g   a g e n t   g o e s  

b a c k   to  t h e   dawn  of  c i v i l i z a t i o n   and  has   had   a  l o n g  

r e c o r d   of  s a f e t y   and  e f f i c a c y .   When  u s e d   as  a  

d e t e r g e n t ,   s o a p   has   two  i m p o r t a n t   d r a w b a c k s :   i t s  

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

w a t e r   of  t h e   c a l c i u m   and  m a g n e s i u m   s a l t s .   In  a n  

e f f o r t   to  r emove   t h e s e   d r a w b a c k s ,   t h e   d e t e r g e n t  

i n d u s t r y   has   s h i f t e d   away  f rom  s o a p   and  has   a d o p t e d  

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

i n g r e d i e n t s   in  i t s   d e t e r g e n t   c o m p o s i t i o n s .  

I t   is   w e l l   known  t h a t   in  h a r d   w a t e r ,  

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

to   fo rm  w h a t   i s   c a l l e d   l i m e   scum  or  l i m e   s o a p .  
T h i s   t e n d s   to  be  d e p o s i t e d   on  e i t h e r   t h e   f a b r i c s  

w h i c h   have   been   w a s h e d   or  on  v e s s e l s   in  w h i c h  

w a s h i n g   and  r i n s i n g   i s   c a r r i e d   o u t .  

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

g e n e r a l l y   c o n s i s t   of  a b o u t   40%  by  w e i g h t  

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

s o i l   f r om  human  sebum  or  p e r s p i r a t i o n .   T h e  

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

m a i n l y   c o m p o s e d   of  a b o u t   75%  c l a y   and  s i l i c a ,   a n d  

a b o u t   20%  l i m e   s o a p s .   S i n c e   l i m e   s o a p s   a r e  

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

in  t h e   d e t e r g e n t   c o m p o s i t i o n   nor   a r e   t h e y  

s e q u e s t e r e d   by  s o d i u m   t r i p o l y p h o s p h a t e   or  o t h e r  

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

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

c u m u l a t i v e   b u i l d - u p   o f  l i m e   s o a p   d e p o s i t s   on  w a s h e d  

f a b r i c s .   T h i s   c o n d i t i o n   l e a d s   to   g r a d u a l  

" g r a y i n g - u p "   of  w a s h e d   f a b r i c s   and  to  r a n c i d   o d o r s  

of   t h e   f a b r i c s   w h i c h   comes   f r o m   e n z y m a t i c   d e c a y   o f  



t h e   u m s a t u r a t e d   f a t t y   a c i d   p o r t i o n   of   l i m e   s o a p s .  
Lime  scum  can  d e p o s i t   on  v e s s e l s   in  w h i c h  

w a s h i - n g   and  r i n s i n g   is   c a r r i e d   o u t   to   f o rm  wha t   i s  

k n o w n   as  " b a t h   t u b   r i n g " .  

More  t h a n   t h i r t y   y e a r s   a g o ,   i t   w a s  

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

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

d i s p e n s i n g   a g e n t s   to  t he   s o a p .   T h e s e   f o r m u l a t i o n s ,  

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

f o u n d   to  be  d e l e t e r i o u s   to  t he   e n v i r o n m e n t   due  t o  

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

e x c e s s i v e   a l g a e   g r o w t h   in  b o d i e s   of   w a t e r   i n t o  

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

d i s c h a r g e d .  

Lime  s o a p   or  l i m e   scum  i s   e s s e n t i a l l y  

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

t h e   f o r m   of  l a r g e   a g g r e g a t e s   of  a b o u t   0 . 0 1   to   0 . 0 3  

cm  or  100  to   300  m i c r o n s   in  s i z e .   S u c h   a g g r e g a t e s  

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

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

l i m e   s o a p   d i s p e r s a n t   i s   p r e s e n t   in   a  d e t e r g e n t  

c o m p o s i t i o n ,   i t   b r e a k s   down  or  d i s p e r s e s   t h e  

l a r g e - s i z e d   l i m e   s o a p   a g g r e g a t e s   t o   m i c r o n   or  e v e n  

s u b - m i c r o n   p a r t i c l e s   r e s u l t i n g   in  a  m i l k y  

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

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

f l u s h i n g   or  r i n s i n g   away  of  t he   l i m e   s o a p   w i t h   t h e  

r e s u l t   t h a t   d e p o s i t i o n   of  l ime   scum  on  f a b r i c s   i s  

r e d u c e d   or  e l i m i n a t e d   and  f o r m a t i o n   of   b a t h - t u b  

r i n g s   can   be  p r e v e n t e d .  

The  l i m e   s o a p   d i s p e r s a n t s ,   t h e r e f o r e ,  

f u n c t i o n   to   p r e v e n t   f o r m a t i o n   of  i n s o l u b l e   l i m e  

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

t h a t   t h e y   can   be  f l u s h e d   away  w i t h   t h e   w a s h i n g   o r  

r i n s i n g   w a t e r   and  do  no t   a d h e r e   to   f a b r i c s   or  t o  

s u r f a c e s   of  t he   w a s h i n g   v e s s e l s .  



U . S .   p a t e n t   3 , 6 9 2 , 7 0 4   d i s c l o s e s   d e t e r g e n t  

c o m p o s i t i o n s   c o m p r i s i n g   a b o u t   50%  d e t e r g e n t   and  a b o u t  

50%  d e t e r g e n t   b u i l d e r   w h e r e i n   t h e   b u i l d e r   c o m p o n e n t  
c o n s i s t s   of  60%  by  w e i g h t   s o d i u m   p o l y a c r y l a t e   of  Mw 

1 0 0 , 0 0 0   and  40%  by  w e i g h t   of  p o l y  

( N , N - d i c a r b o x y m e t h y l   a c r y l a m i d e )   of   Mw  5 0 , 0 0 0 .  

U . S .   p a t e n t   3 , 7 1 9 , 6 4 7   d i s c l o s e s   c o p o l y m e r s  
of   ( m e t h ) a c r y l i c   a c i d   and  p o l y a l k y l e n e   g l y c o l   m o n o  

( m e t h ) a c r y l a t e   as  w h i t e n e s s   a g e n t s   in  d e t e r g e n t  

c o m p o s i t i o n s .   They  a r e   s a i d   to   be  e f f e c t i v e   l i m e  

s o a p   d i s p e r s a n t s .  

SUMMARY  OF  THE  INVENTION 

In  a  p r e f e r r e d   e m b o d i m e n t ,   t h i s   i n v e n t i o n  

r e l a t e s   to   w a t e r - s o l u b l e   h o m o p o l y m e r s   of  p o l y a l k y l e n e  

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

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

g l y c o l   m o n o a c r y l a t e   as  n o v e l   p o l y m e r s ,   as  p o l y m e r s  

t h a t   can  be  u s e d   as  l i m e   soap   d i s p e r s a n t s   i n  

d e t e r g e n t   and  s o a p   c o m p o s i t i o n s ,   and  to   t h e   m e t h o d   o f  

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

s u r f a c e s ,   and  f o r   p e r s o n a l   w a s h i n g .   S u c h  

c o m p o s i t i o n s   can   be  p h o s p h a t e - f r e e   or  can   c o n t a i n  

p h o s p h a t e s .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  a n i o n i c   s u r f a c t a n t s   and  s o a p s   do  n o t  

p e r f o r m   e f f i c i e n t l y   in  medium  to   h a r d   w a t e r s ,  

h o w e v e r ,   t he   u se   of  t h e   h e r e i n - d i s c l o s e d   l i m e   s o a p  

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

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

s u c h   c o n d i t i o n s .   Even   w i t h   t h e   o t h e r   g e n e r i c   t y p e s  

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

i s   a d v e r s e l y   a f f e c t e d   by  the   p r e s e n c e   of  w a t e r  

h a r d n e s s   i o n s ,   s u c h   as  c a l c i u m   and  m a g n e s i u m .  

H a r d n e s s   of  n a t u r a l   w a t e r s   v a r i e s   w i d e l y   f rom  a b o u t  

10  ppm  to  a b o u t   500  ppm  of  h a r d n e s s   s a l t s   e x p r e s s e d  

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



to  w a t e r   a r e   g e n e r a l l y   w a t e r - s o l u b l e   s a l t s   of   c a l c i u m  

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

and  b i c a r b o n a t e s .   In  g e n e r a l ,   10  to   120  ppm  i s  

c o n s i d e r e d   s o f t   w a t e r ,   120  to  180  is   m e d i u m - h a r d  

w a t e r ,   and   180  to  500  ppm  and  a b o v e   is  v e r y   h a r d  

w a t e r .   In  n o r m a l   use   of  s o a p s   and  d e t e r g e n t s ,   t h e  

u n d e s i r a b l e   l i m e - s o a p   scum  b e g i n s   to   f o rm  e v e n   in  t h e  

80  ppm,   i . e . ,   s o f t   w a t e r ,   and  b e c o m e s   a  n o t i c e a b l e  

p r o b l e m   in  m e d i u m - h a r d   w a t e r   and  a  m a j o r   p r o b l e m   i n  

v e r y   h a r d   w a t e r .  

L ime  s o a p   d i s p e r s a n t s   a r e   u s e d   in  s o a p   a n d  

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

p u r p o s e s   in   e a c h .   In  s o a p   p r o d u c t s ,   s u c h   as  s o l i d  

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

l a t h e r i n g   and  p r e v e n t   f o r m a t i o n   of  u n w e l c o m e   r i n g s   o f  

c a l c i u m   or   l i m e   s o a p s   in  b a t h   t u b s   and  wash   b a s i n s ,  

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

w a t e r .   In   d e t e r g e n t   p r o d u c t s ,   such   as  p o w d e r s   a n d  

l i q u i d s ,   l i m e   soap   d i s p e r s a n t s   a r e   u s e d   to   d e t e r g e  

away  t h e   b u i l t - u p   l i m e   s o a p   d e p o s i t s   on  w a s h e d  

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

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

d e p o s i t s   on  w a s h e d   c l o t h e s   r e s u l t s   in  w h i t e   c l o t h e s  

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

o d o r s .  

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

i n v e n t i o n   c a n   be  in  t h e   f o rm  of  l i q u i d   s o l u t i o n s ,  

p o w d e r s ,   g r a n u l e s ,   f l a k e s ,   t a b l e t s ,   and  b a r s .  

R e g a r d l e s s   of  f o r m ,   h o w e v e r ,   o n l y   a  s m a l l   a m o u n t   of  a  

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

to  o b t a i n   e x c e l l e n t   c l e a n i n g   p o w e r .   G e n e r a l l y ,   l e s s  

t h a n   1%  by  w e i g h t ,   p r e f e r a b l y   0 . 0 1   to  0 .5%,   b a s e d   o n  

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

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

f a b r i c   and   d i s h   c l e a n i n g .   For  more  r i g o r o u s  

a p p l i c a t i o n s   in  w a s h i n g   f a b r i c s   and  d i s h e s ,   up  t o  



30%,  p r e f e r a b l y   5  to  15%  of  t h e   d e t e r g e n t   c o m p o s i t i o n  

in  an  a q u e o u s   medium  can   be  u s e d .   For  p e r s o n a l  

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

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

can   v a r y   f rom  a b o u t   1%  to  a b o u t   10%.  A q u e o u s  

s o l u t i o n s   of  t he   d e t e r g e n t   c o m p o s i t i o n s   d i s c l o s e d  

h e r e i n   s h o u l d   have   pH  of  5  to   1 2 . 5 ,   p r e f e r a b l y   9  t o  

11.  F u r t h e r m o r e ,   t he   a q u e o u s   s o l u t i o n s   of  t h e s e  

c o m p o s i t i o n s   a re   e f f e c t i v e   in  a  wide   r a n g e   of  w a s h  

w a t e r   t e m p e r a t u r e s .   P r e f e r a b l y ,   wash  w a t e r  

t e m p e r a t u r e s   s h o u l d   be  in  t h e   r a n g e   of  a b o u t   45  t o  

2 0 0 ° F ,   and  e s p e c i a l l y   in  t h e   t e m p e r a t u r e   r a n g e   o f  

a b o u t  8 0   to  1 6 0 ° F .  

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

c o n t a i n   p h o s p h a t e s   or  t h e y   c a n   be  d e v o i d   o f  

p h o s p h a t e s .   S u i t a b l e   p h o s p h a t e s   w h i c h   can   be  u s e d   i n  

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

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 ,   and  o t h e r s .  

The  d e t e r g e n t   c o m p o s i t i o n s   d i s c l o s e d   h e r e i n  

i n c l u d e   an  o r g a n i c   w a t e r - s o l u b l e   s u r f a c t a n t   and  a  

p o l y m e r i c   l ime   s o a p   d i s p e r s a n t   s e l e c t e d   f rom  r a n d o m  

c o p o l y m e r s   of  an  a c r y l a m i d o   a l k a n e   s u l f o n i c   a c i d   a n d  

p o l y a l k y l e n e   g l y c o l   m o n o a c r y l a t e   or  a  p o l y a l k y l e n e  

g l y c o l   a l k y l   or  a r y l   e t h e r   m o n o a c r y l a t e ,   a n d  

w a t e r - s o l u b l e   s a l t s   of  s u c h   c o p o l y m e r s .   T h e  

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

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

s u b s t i t u t e d   ammonium  s a l t s .   The  o r g a n i c  

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

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

a n i o n i c   s u r f a c t a n t s ,   and  many  of  t h e   p r e f e r r e d  

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

a m o u n t   of  1  to  80  p a r t s   by  w e i g h t ,   b a s e d   on  100  p a r t s  
of  c o m p o s i t i o n ,   d e p e n d i n g   on  t h e   p a r t i c u l a r  

a p p l i c a t i o n .  



O t h e r   m a t e r i a l s   w h i c h   may  be  p r e s e n t   in  t h e  

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

m i n o r   or  m a j o r   a m o u n t s   a r e   t h o s e   c o m p o n e n t s  

c o n v e n t i o n a l l y   p r e s e n t   in  d e t e r g e n t   c o m p o s i t i o n s .  

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

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

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

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

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

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

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

and  i n o r g a n i c   c h l o r i n e   r e l e a s i n g   a g e n t s ,   b l e a c h  

a c t i v a t o r s ,   e n z y m e s ,   d e t e r g e n t   b o o s t e r s   and  s o l v e n t s ,  

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

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

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

c a t i o n i c   s u r f a c ' t a n t s ,   a m p h o t e r i c   s u r f a c t a n t s ,  

z w i t t e r i o n i c   s u r f a c t a n t s ,   f a b r i c   s o f t e n i n g   a g e n t s   a n d  

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

o r g a n i c   s o l v e n t s .   In  a d d i t i o n ,   a l t h o u g h   any  of  t h e  

c o n v e n t i o n a l   w e l l - k n o w n   d e t e r g e n t   b u i l d e r s   ( p h o s p h a t e  

and  n o n - p h o s p h a t e   t y p e )   may  be  e m p l o y e d   in  t h e  

c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   a t   a  l e v e l   of  1 

to  80%,  the   a b s e n c e   t h e r e o f   d o e s   n o t   a d v e r s e l y   a f f e c t  

d e t e r g e n t   e f f i c i e n c y .  

The  w a t e r - s o l u b l e   s o a p s   w h i c h   c a n   be  u s e d   i n  

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

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

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

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

a c i d s   h a v i n g   f rom  8  to   24,   e s p e c i a l l y   10  to   18  c a r b o n  

a t o m s .   The  s o a p s   can   be  made  by  d i r e c t  

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

t a l l o w ,   pa lm  o i l ,   l a r d ,   g r e a s e s ,   c o c o n u t   or  p a l m  

k e r n e l   o i l s   and  many  o t h e r s ,   or  t h e y   can   be  made  b y  

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



and  f a t s   or  f r o m   t h o s e   made  s y n t h e t i c a l l y   or  d e r i v e d  

f rom  p e t r o l e u m   and  l i k e   s o u r c e s .   S o a p s   f rom  n a t u r a l  

o i l s   and  f a t s ,   or  f r o m   f a t t y   a c i d s   d e r i v e d   f r o m   t h e m ,  

w i l l   be  p r e d o m i n a n t l y  - s t r a i g h t - c h a i n e d   w i t h   an  e v e n  

number   of  c a r b o n   a t o m s .   The  s y n t h e t i c   f a t t y   a c i d s   o r  
t h o s e   f rom  p e t r o l e u m   s o u r c e s   can   be  s t r a i g h t -   o r  
b r a n c h - c h a i n e d   c o n t a i n i n g   even   and  odd  n u m b e r   o f  

c a r b o n   a t o m s .   P r e f e r r e d   s o a p s   a r e   t h o s e   made  f r o m  

m i x t u r e s   of  t a l l o w ,   g r e a s e ,   or  pa lm  o i l s   to  p r o v i d e  

the   l o n g e r   c h a i n ,   e . g . ,   C 1 6 - 1 8   f a t t y   a c i d   r e s i d u e s  

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

c h a i n ,   e . g . ,   C 1 0 - 1 4   f a t t y   a c i d   r e s i d u e s .  

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

t h e  w a t e r   s o l u b l e   s a l t s   and  a l k a l i   m e t a l   s a l t s   o f  

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

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

8  to  22  c a r b o n   a t o m s   and  a  r a d i c a l   s e l e c t e d   f r o m  

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

I n c l u d e d   in  t h e   t e r m   a l k y l   i s   t he   a l k y l   p o r t i o n   o f  

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

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

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

h i g h e r   a l c o h o l s   of  C8  to  C18  c a r b o n   a t o m s  

p r o d u c e d   by  s p l i t t i n g   t he   g l y c e r i d e s   of  t a l l o w   o r  

c o c o n u t   o i l ,   and  s o d i u m   or  p o t a s s i u m   a l k y l  

b e n z e n e s u l f o n a t e s   in  w h i c h   t h e   a l k y l   g r o u p   c o n t a i n s  

a b o u t   9  to  15  c a r b o n   a t o m s .   O t h e r   e x a m p l e s   of  a l k a l i  

m e t a l   a l k y l b e n z e n e   s u l f o n a t e s   a r e   t h o s e   in  w h i c h   t h e  

a l k y l   r a d i c a l   i s   a  s t r a i g h t   or  b r a n c h e d   c h a i n .  

a l i p h a t i c   r a d i c a l   c o n t a i n i n g   a b o u t   10  to   20  c a r b o n  

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

e s p e c i a l l y   t h o s e   e t h e r s   of  t h e   h i g h e r   a l c o h o l s  

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

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

s o d i u m   or  p o t a s s i u m   s a l t s   of  s u l f u r i c   a c i d   e s t e r s   o f  

the   r e a c t i o n   p r o d u c t   of  one  mole   of  a  h i g h e r   f a t t y  



a l c o h o l   and  a b o u t   1  to  6  m o l e s   of  e t h y l e n e   o x i d e ;  

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

o x i d e   e t h e r   s u l f a t e   w i t h   a b o u t   1  to   10  u n i t s   o f  

e t h y l e n e   o x i d e   per   m o l e c u l e   and  in  w h i c h   t h e   a l k y l  

r a d i c a l s   c o n t a i n   a b o u t   9  to  12  c a r b o n   a t o m s ;   t h e  

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

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

w h e r e ,   f o r   e x a m p l e ,   t he   f a t t y   a c i d s   a r e   d e r i v e d   f r o m  

c o c o n u t   o i l ;   s o d i u m   or  p o t a s s i u m   s a l t s   of  f a t t y   a c i d  

a m i d e   of  a  m e t h y l   t a u r i d e   in  w h i c h   t h e   f a t t y   a c i d s ,  

f o r   e x a m p l e ,   a r e   d e r i v e d   f rom  c o c o n u t   o i l ;   s u l f o n a t e d  

p o l y c a r b o x y l i c   a c i d s   d e r i v e d   f r o m   p y r o l y z e d   c a l c i u m  

c i t r a t e ;   and  o t h e r s   known  in  t h e   a r t .  

N o n i o n i c   s u r f a c t a n t s   c a n   be  b r o a d l y  

d e s c r i b e d   as  c o m p o u n d s   w h i c h   do  n o t   i o n i z e   b u t  

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

o x y g e n a t e d   s i d e   c h a i n ,   such   as  p o l y o x y e t h y l e n e ,   w h i l e  

t h e   h y d r o p h o b i c   p a r t   of  t he   m o l e c u l e   may  come  f r o m  

f a t t y   a c i d s ,   a l k y l   p h e n o l s ,   f a t t y   a l c o h o l s ,   f a t t y  
a m i d e s   or  f a t t y   a m i n e s .   E x a m p l e s   of  n o n i o n i c  

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

or  more   a l k y l e n e   o x i d e s   of  two  to   f o u r   a t o m s ,   s u c h   a s  

e t h y l e n e   o x i d e   or  p r o p y l e n e   o x i d e ,   p r e f e r a b l y  

e t h y l e n e   o x i d e   a l o n e   or  w i t h   o t h e r   a l k y l e n e   o x i d e s ,  

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

f a t t y   a l c o h o l ,   f a t t y   a c i d ,   s t e r o l ,   a  f a t t y   g l y c e r i d e ,  

a  f a t t y   a m i n e ,   an  a r y l   a m i n e ,   a  f a t t y   m e r c a p t a n ,   t a l l  

o i l ,   e t c .   N o n i o n i c   s u r f a c t a n t s   a l s o   i n c l u d e   t h o s e  

p r o d u c t s   p r o d u c e d   by  c o n d e n s i n g   one   or  m o r e  

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

m e t h a n o l a m i n e ,   e t h a n o l a m i n e ,   p r o p a n o l a m i n e ,   e t c . ,  

w i t h   a  f a t t y   a c i d   such   as  l a u r i c   a c i d ,   p a l m i t i c   a c i d ,  

t a l l   o i l   f a t t y   a c i d ,   a b i e t i c   a c i d ,   e t c . ,   to  p r o d u c e  

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

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

a m i n e   o x i d e s   and  p h o s p h i n e   o x i d e s   and  p r e f e r a b l y   t h e  



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

o x i d e s   w h e r e i n   two  of   t he   a l k y l   g r o u p s   a r e   l o w e r  

a l k y l   g r o u p s   of  1  to   4  c a r b o n   a t o m s   and  the   t h i r d  

a l k y l   g r o u p   is   a  h i g h e r   a l k y l   g r o u p   of  8  to  18  c a r b o n  

a t o m s .   E x a m p l e s  o f   t h e s e   i n c l u d e  

d i m e t h y l d o d e c y l a m i n e   o x i d e ,   d i m e t h y l d o d e c y l -  

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

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

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

l i k e .  

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

s u r f a c t a n t s   a r e   c o n d e n s a t i o n   p r o d u c t s   of  a  

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

h y d r o g e n   a tom  and  a  l o w e r   a l k y l e n e   o x i d e   fo r   e x a m p l e ,  

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

c o n t a i n i n g   f rom  a b o u t   e i g h t   to  a b o u t   18  c a r b o n   a t o m s  

and  f rom  a b o u t   t h r e e   to   a b o u t   30  mols   of  e t h y l e n e  

o x i d e   pe r   mol  of  t h e   a l c o h o l ,   or  t h e   c o n d e n s a t i o n  

p r o d u c t   of  an  a l k y l   p h e n o l   c o n t a i n i n g   f rom  a b o u t  

e i g h t   to  a b o u t   18  c a r b o n   a t o m s   in  the   a l k y l   g r o u p   a n d  

f rom  t h r e e   to  a b o u t   30  mols   of  e t h y l e n e   o x i d e   pe r   m o l  

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

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

o x i d e   w i t h   a  h y d r o p h o b i c   c o m p o u n d   f o r m e d   b y  

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

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

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

s u l f o n i c   a c i d   monomer   and  a  p o l y a l k y l e n e   g l y c o l  

m o n o a c r y l a t e .   A c r y l a m i d o   a l k a n e   s u l f o n i c   a c i d  

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

and  w a t e r - s o l u b l e   s a l t s   t h e r e o f   e s p e c i a l l y   s a l t s  

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

s u b s t i t u t e   ammonium  s a t s .   The  t e r m   " c o p o l y m e r s " ,   a s  

u sed   h e r e i n ,   s h a l l   mean  a  p o l y m e r  o f  t w o   or  m o r e  

d i f f e r e n t   m o n o m e r s .   A c r y l a m i d o   a l k a n e   s u l f o n i c   a c i d s  

s u i t a b l e   h e r e i n   a r e   d e f i n e d   as  f o l l o w s :  



w h e r e   R  i s   h y d r o g e n   or  m e t h y l ,   p r e f e r a b l y   h y d r o g e n ;  
R1  and  R2  a r e   a l k y l   g r o u p s   e a c h   i n d i v i d u a l l y  

c o n t a i n i n g   1  to   4  c a r b o n   a t o m s ,   p r e f e r a b l y   1  to  2 

c a r b o n   a t o m s .   S u i t a b l e   a c r y l a m i d o   a l k a n e   s u l f o n i c  

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

f u m i n g   s u l f u r i c   a c i d ,   and  C4  t o   C10  o l e f i n s .   T h e  

p r e f e r r e d   m o n o m e r s   b e i n g   2 - a c r y l a m i d o - 2 - m e t h y l  

p r o p a n e   s u l f o n i c   a c i d   and  i t s   w a t e r - s o l u b l e   s a l t s ,  

w h i c h   a r e   c o m m e r c i a l   c h e m i c a l s .  

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

a r e   d e f i n e d   as  f o l l o w s :  

w h e r e   R3  i s   h y d r o g e n   or  m e t h y l ,   p r e f e r a b l y   m e t h y l ;  
R 4  i s   an  a l k y l e n e   g r o u p   of  1  t o   4,  p r e f e r a b l y   2  t o  

3  c a r b o n   a t o m s ;   R5  is  s e l e c t e d   f r o m   h y d r o g e n ,  

a l k y l ,   and  a l k e n y l   g r o u p s   of  1  to   30 ,   p r e f e r a b l y   1  t o  

18  c a r b o n   a t o m s ,   a r y l   g r o u p s   o f   6  to   14  b u t  

p r e f e r a b l y   6  to   10  c a r b o n   a t o m s ,   and  a r a l k y l   g r o u p s  
of  7  to  30  b u t   p r e f e r a b l y   7  to   20  c a r b o n   a t o m s ;   and  n  

is   a  n u m b e r   in  t he   r a n g e   of  2  to   50,  p r e f e r a b l y   a b o u t  

5  to  15.   In  t h e   most   p r e f e r r e d   e m b o d i m e n t ,   R5  i s  

h y d r o g e n .   S u i t a b l e   p o l y a l k y l e n e   g l y c o l  

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

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

w e i g h t   of  306  and  526,   w h i c h   a r e   c o m m e r c i a l   p r o d u c t s .  

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

w e i g h t   (Mw)  of  a b o u t   2 0 , 0 0 0   i s   now  p r e s e n t e d   f o r  

i l l u s t r a t i v e   p u r p o s e s .   P u r s u a n t   to   t h e   p r o c e d u r e  



o u t l i n e d   h e r e i n ,   2 - a c r y l a m i d o - 2 - m e t h y l   p r o p a n e  

s u l f o n i c   a c i d   (AMPS)  was  p o l y m e r i z e d   by  f r e e   r a d i c a l  

p o l y m e r i z a t i o n   w i t h   p o l y e t h y l e n e   g l y c o l  

m o n o m e t h a c r y l a t e   (PEGMM).  The  PEGMM  had  an  a v e r a g e  

m o l e c u l a r   w e i g h t   o f   a b o u t   526  and  c o n t a i n e d   a b o u t   1 0  

mo l s   of  e t h y l e n e o x y   u n i t s   p e r   mol  of  m o n o m e r .  

F o l l o w i n g   t he   p r o c e d u r e ,   3 . 8 4 g   of  f i f t y   p e r c e n t  

s o d i u m   h y d r o x i d e   and   0 . 0 3 g   of  h y d r o x y l a m i n e   s u l f a t e  

were   d i s s o l v e d   in  20g  of  w a t e r .   The  m i x t u r e   w a s  

c o o l e d   and  lOg  of  AMPS  was  s l o w l y   a d d e d   to  m i x t u r e .  

T h e n ,   40g  PEGMM  and   0 . 0 3 g   of  m e r c a p t o p r o p i o n i c   a c i d  

were   a d d e d .   The  s o l u t i o n   was  c h a r g e d   to  a  r e s e r v o i r  

c o n n e c t e d   to  a  m e t e r i n g   pump  and  t h e   pump  s e t   t o  

d e l i v e r   t he   m o n o m e r s   in  one  h o u r .   A  s y r i n g e   w a s  

c h a r g e d   w i t h   0 . 3 g   of  s o d i u m   p e r s u l f a t e   and  9  ml  o f  

w a t e r .   The  s y r i n g e   was  p l a c e d   in  a  s y r i n g e   pump  s e t  

to  d e l i v e r   t he   s o l u t i o n   o v e r   a  p e r i o d   of  one  h o u r .  

A  250  ml  3 - n e c k   r o u n d   b o t t o m   f l a s k   w a s  

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

a  n i t r o g e n   i n l e t ,   a  t h e r m o m e t e r   and  t h e r m o w a t c h ,   a n d  

monomer  and  i n i t i a t o r   i n l e t s .   The  f l a s k   was  c h a r g e d  
w i t h   91g  w a t e r   and  was  t h e n   f l u s h e d   w i t h   n i t r o g e n   a n d  

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

w a t e r   was  s t i r r e d   and  h e a t e d   to   80°C  a n d  m e t e r i n g   w a s  

b e g u n .   When  a l l   monomer   and  s o d i u m   p e r s u l f a t e   w a s  

i n ,   t he   m i x t u r e   was  h e a t e d   a t   80°C  f o r   one  hour   t o  

c o m p l e t e   p o l y m e r i z a t i o n .   D e g r e e   of  p o l y m e r i z a t i o n  

was  e s s e n t i a l l y   100%.  The  p r o d u c t   was  a  c l e a r  

s o l u t i o n   w i t h   a  s l i g h t l y   y e l l o w   t i n t .   The  y i e l d   w a s  

1 6 4 . 6 g   and  t h e   s o l u t i o n   c o n t a i n e d   27.9%  c o p o l y m e r  

c o n t a i n i n g   4 0 / 6 0   p o l y m e r i z e d   u n i t s   of  AMPS  to  PEGMM. 

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

have   m o l e c u l a r   w e i g h t   (Mw)  in  t h e   r a n g e   of  a b o u t  

2 , 0 0 0   to  2 0 0 , 0 0 0   b u t   p r e f e r a b l y   5 , 0 0 0   to  1 0 0 , 0 0 0 .  

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

be  too   v i s c o u s   and   t h u s   make  i t   more   d i f f i c u l t   t o  



work  w i t h ,   t h i s   p r o b l e m   can   be  m i n i m i z e d ,   as  b y  

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

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

c o n t a i n i n g   5  to  95%  by  w e i g h t ,   p r e f e r a b l y  1 0   to   60%,  

and  e s p e c i a l l y   20  to  50%,  of   p o l y m e r i z e d   m o n o m e r  

u n i t s   d e r i v e d   f rom  a c r y l a m i d o  a l k a n e   s u l f o n i c   a c i d s  

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

i . e . ,   95  to   5,  p r e f e r a b l y   90  t o   40%  and  e s p e c i a l l y   80  

to  50%  by  w e i g h t ,   of  t he   c o p o l y m e r s   b e i n g   p o l y m e r i z e d  

monomer   u n i t s   of  t h e   p o l y a l k y l e n e   g l y c o l  

m o n o a c r y l a t e s .  

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

m o n o a c r y l a t e s   have   m o l e c u l a r   w e i g h t   (Mw)  in  t h e   r a n g e  
of  a b o u t   2 , 0 0 0   to  5 0 , 0 0 0 .  

In  a d d i t i o n   to  one  or  more   of  t h e   a c r y l a m i d o  

a l k a n e   s u l f o n i c   a c i d   m o n o m e r s   and  one  or  more  of  t h e  

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

t h e   p r i n c i p a l   m o n o m e r s ,   one  or  more   of  o t h e r   a d d i t i v e  

m o n o m e r s   can   a l s o   be  u sed   h e r e i n   to   p r e p a r e   t h e  

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

a d d i t i v e   monomers   a r e   s e l e c t e d   f rom  @ , ß - u n s a t u r a t e d  

c a r b o x y l i c   a c i d   monomers   w h i c h   i n c l u d e  

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

a c i d s   c o n t a i n i n g   3  to  8  c a r b o n   a t o m s ,   e s t e r s   t h e r e o f ,  

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

m o n o c a r b o x y l i c   a c i d s   c o n t a i n i n g   3  to  5  c a r b o n   a t o m s ,  

t h e i r   l o w e r   a l k y l   e s t e r s ,   and  t h e i r   a n h y d r i d e s .  

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

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 ,   i t a c o n i c   a c i d ,   m a l e i c  

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

m e t h y l   a c r y l a t e   and  m e t h a c r y l a t e   and  e t h y l   a c r y l a t e  

and  m e t h a c r y l a t e .   On  t h e   b a s i s   of  100  w e i g h t   p a r t s  

of  a l l   m o n o m e r s ,   amount   of  s u c h   a c i d   m o n o m e r s   can   b e  

up  to  60  w e i g h t  p a r t s ,   p r e f e r a b l y   5  to  40  w e i g h t  

p a r t s .  

Amount   of  t he   h o m o p o l y m e r s   and  c o p o l y m e r s  



t h a t   can   be  u s e d   in  t he   v a r i o u s   d e t e r g e n t  

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

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

e x a m p l e s   of  a  number   of  d i f f e r e n t   d e t e r g e n t  

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

t h e   c o m p o n e n t s   a r e   g i v e n   in  w e i g h t   p a r t s   and  t h e   t e r m  

" p o l y m e r "   i n c l u d e s   h o m o p o l y m e r s   and  c o p o l y m e r s  

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

Bar  Soap  C o m p o s i t i o n   For   P e r s o n a l   U s e  

L i q u i d   hand   s o a p   can  be  p r e p a r e d   by  d i l u t i n g   w i t h  

w a t e r   t h e   ba r   s o a p   d e t e r g e n t   c o m p o s i t i o n   to   a b o u t   5 

to  30%  s o l i d s .  

Bar   S o a p  C o m p o s i t i o n   For   L a u n d r y   U s e  

Dry  Soap  L a u n d r y   P o w d e r   C o m p o s i t i o n  



A n i o n i c   L a u n d r y   Powder   D e t e r g e n t   C o m p o s i t i o n  

N o n i o n i c  L a u n d r y   Powder   D e t e r g e n t   C o m p o s i t i o n  

L i q u i d   D i s h w a s h i n g   D e t e r g e n t   C o m p o s i t i o n  

Mixed  S u r f a c t a n t   L a u n d r y  

Powder   D e t e r g e n t   C o m p o s i t i o n  



G e n e r a l l y   s p e a k i n g ,   t h e   r e l a t i v e   r a t i o   o f  

t he   w a t e r - s o l u b l e   o r g a n i c   s u r f a c t a n t   to  t h e   p o l y m e r  

can  v a r y   f rom  1 2 5 / 1   to  1 / 1 0 ,   p r e f e r a b l y   50 /1   t o  

1 / 1 .   In  ba r   s o a p   c o m p o s i t i o n s   f o r   p e r s o n a l   u s e ,  

t he   r a t i o   of  s u r f a c t a n t   to  p o l y m e r   can   v a r y   f r o m  

4 0 / 1   to  3 / 1 ;   in  b a r   s o a p   c o m p o s i t i o n s   fo r   l a u n d r y  

u s e ,   t he   r a t i o   i s   f r o m   3 0 / 1   to  2 / 1 ;   in  dry   p o w d e r  

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

4 0 / 1   to  3 / 1 ;   in  a n i o n i c   l a u n d r y   d e t e r g e n t  

c o m p o s i t i o n s ,   t h e   r a t i o   can   v a r y   f rom  1 2 5 / 1   to  2 / 1 ;  

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

t he   r a t i o   can  v a r y   f rom  7 5 / 1   to  1 / 1 ;   in  l i q u i d  

d i s h w a s h i n g   c o m p o s i t i o n s ,   t he   r a t i o   can   v a r y   f r o m  

4 5 / 1   to  1 / 1 ;   and  in  m i x e d  s u r f a c t a n t   l a u n d r y   p o w d e r  

c o m p o s i t i o n s ,   t h e   r a t i o   can   v a r y   f rom  50 /1   to  1 / 1 0 .  

I t   has   b e e n   d i s c o v e r e d   t h a t   t he   use   of  t h e  

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

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

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

f u n c t i o n .   Such   a t t r i b u t e s   i n c l u d e   t h e   f o l l o w i n g :  

d i r e c t   r e p l a c e m e n t   of  t h e   f a t t y   i s e t h i o n a t e   s o a p  
a d d i t i v e s ,   and  p a r t i a l   r e p l a c e m e n t   of  t he   n o n i o n i c  

s u r f a c t a n t s   in  l i q u i d   d i s h w a s h i n g   p r o d u c t s .  

The  p o l y m e r s   d i s c l o s e d   h e r e i n   p r o v i d e  

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

d i s p e r s a n c y   p r o p e r t y .   T h i s   is   b a s e d   on  the   f a c t  

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

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

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

w h e r e a s   h o m o p o l y m e r s   of  t h e   p o l y a l k y l e n e   g l y c o l  

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

o n e - h a l f   t he   l i m e   s o a p   d i s p e r s i n g   p r o p e r t y .  

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

c r i t i c a l l y   d e p e n d e n t   n o t   o n l y   on  t he   r e l a t i v e  

p r o p o r t i o n   of  t h e   m o n o m e r s   bu t   a l s o   on  t h e  

m o l e c u l a r   w e i g h t   (Mw)  t h e r e o f .  



A  number   of  h o m o p o l y m e r s   and  c o p o l y m e r s  

we re   p r e p a r e d   v a r y i n g   in  c o m p o s i t i o n   and  m o l e c u l a r  

w e i g h t   w h i c h   were   t h e n   s u b j e c t e d   to  a  l i m e  

d i s p e r s i o n   t e s t   in  o r d e r   to  d e t e r m i n e   t h e i r  

e f f e c t i v e n e s s   to  d i s p e r s e   l i m e   scum.   T h i s   t e s t  

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

p u b l i s h e d   l i t e r a t u r e .   The  o b j e c t i v e   of  t h e   t e s t   i s  

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

min imum  a m o u n t   of  a  l i m e   s o a p   d i s p e r s a n t   n e e d e d   t o  

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

o l e a t e ,   a  l i m e   s o a p .   The  r e s u l t   is   e x p r e s s e d   a s  

l i m e   s o a p   d i s p e r s i o n   i n d e x   (LSDI)  w h i c h   i s  

c a l c u l a t e d   as  f o l l o w s :  

The  h i g h e r   t h e   LSDI,   t h e   b e t t e r   is   t h e   e f f i c i e n c y   o f  

t h e   l i m e   s o a p   d i s p e r s a n t .   G e n e r a l l y ,   LSDI  i s   a  

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

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

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

u t i l i z e s   t h e   f o l l o w i n g   r e a g e n t s :  

(a)  s o d i u m   o l e a t e   s o l u t i o n   t h a t   i s   made  b y  

d i s s o l v i n g   0 . 5 0 g   of  USP  s o d i u m   o l e a t e   in  100  m l  

d e m i n e r a l i z e d   w a t e r   w i t h   pH  a d j u s t e d   to  1 0 . 5   w i t h  

s o d i u m   h y d r o x i d e   or  h y d r o c h l o r i c   a c i d ;  

(b)  h a r d n e s s   s o l u t i o n   t h a t   i s   p r e p a r e d   b y  

d i s s o l v i n g   1 . 9 6 0 0 g   of  C a C l 2  2 H 2 O   c r y s t a l s   a n d  

1 . 3 5 5 3 g   of   MgCl 2 '  6H20  c r y s t a l s   in  2000  ml  o f  

d e m i n e r a l i z e d   w a t e r   and  a d j u s t e d   to  a  pH  of  1 0 . 5 .  

T o t a l   h a r d n e s s   is   1000  ppm  e x p r e s s e d   as  c a l c i u m  

c a r b o n a t e ;  

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

d i s s o l v i n g   0 . 2 5 g   of  d r y   p o l y m e r   in  100  ml  o f  



d e m i n e r a l i z e d   w a t e r   and  a d j u s t e d   to  pH  of  1 0 . 5 .  

The  t e s t   p r o c e d u r e   is   c a r r i e d   ou t   a t   r o o m  

t e m p e r a t u r e   of  25°C  by  p i p e t i n g   5  ml  of  the   s o d i u m  

o l e a t e   s o l u t i o n   i n t o   a  1 0 0 - m l   s t o p p e r e d   g r a d u a t e d  

c y l i n d e r   f o l l o w e d   by  0 .5   ml  of  t h e   LSD  p o l y m e r  

s o l u t i o n .   C o n t e n t s   of  t he   c y l i n d e r   a r e   s w i r l e d ,   10  m l  

of  t he   h a r d n e s s   s o l u t i o n   is   a d d e d   to  t h e   c y l i n d e r   a n d  

e n o u g h   d e m i n e r a l i z e d   w a t e r   is  a d d e d   to  make  up  t h e  

t o t a l   v o l u m e   to  30  ml .   The  c y l i n d e r   is   s t o p p e r e d   a n d  

t h e n   g e n t l y   a g i t a t e d   by  i n v e r t i n g   i t   and  r e t u r n i n g   i t  

to  i t s   o r i g i n a l   u p r i g h t   p o s i t i o n ,   w h i c h   is  r e p e a t e d   20 

t i m e s .   At  l e a s t   one  m i n u t e   is  a l l o w e d   to  e l a p s e   a n d  

t h e n   the   c o n t e n t s   a r e   o b s e r v e d   c r i t i c a l l y .   I f   c o a r s e  

a g g l o m e r a t e s   of  c a l c i u m   o l e a t e   c o a g u l a t e   and  f l o a t  o n  

t o p ,   i t   is   a p p a r e n t   t h a t   n o t   e n o u g h   of  t he   l i m e   s o a p  

d i s p e r s a n t   has   b e e n   u s e d .  

The  t e s t   i s   c o n t i n u e d   by  r e p e a t i n g   a b o v e  

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

of  t h e   LSD  p o l y m e r   s o l u t i o n   by  0 .5   ml.  The  p r o c e d u r e  

is   r e p e a t e d   in   i n c r e m e n t s   of  0 .5   ml  of  t he   LSD 

p o l y m e r .   As  a m o u n t   of  t he   LSD  p o l y m e r   is  i n c r e a s e d ,  

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

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

to  f l o a t   on  t h e   s u r f a c e .   The  end  p o i n t   is   r e a c h e d  

when  t h e r e   a r e   no  l o n g e r   any  c a l c i u m   o l e a t e   p a r t i c l e s  

s e e n   f l o a t i n g   on  t h e   s o l u t i o n   s u r f a c e   and  t he   e n t i r e  

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

i n d i c a t i o n   of  t o t a l   d i s p e r s i o n .   The  l ime   s o a p  

d i s p e r s i o n   i n d e x   (LSDI)  can  be  c a l c u l a t e d   as  f o l l o w s :  

, 



S a m p l e s   of  h o m o p o l y m e r s   of  p o l y a l k y l e n e  

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

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

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

w e i g h t   (Mw)  were   p r e p a r e d   and  t h e n   t e s t e d   in  t h e   f o r m  

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

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

i n d i c a t i o n   of  i t s   e f f e c t i v e n e s s   as  a  l ime   s o a p  

d i s p e r s a n t .   The  h i g h e r   t h e   LSDI  t h e   more  e f f e c t i v e  

is   t h e   m a t e r i a l .   The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e  

I  b e l o w   f o r   t h e   v a r i o u s   h o m o p o l y m e r s   and  c o p o l y m e r s  

w h e r e i n   AMPS  is   a  c o n t r a c t i o n   f o r  

2 - a c r y l a m i d o - 2 - m e t h y l   p r o p a n e   s u l f o n i c   a c i d   t h a t   w a s  

u s e d   in  t h e   fo rm  of  a  s o d i u m   s a l t ,   PEGMM  is   a  

c o n t r a c t i o n   f o r   p o l y e t h y l e n e   g l y c o l   m o n o m e t h a c r y l a t e ,  

DEEA  r e p r e s e n t s   d i - e t h o x y   e t h y l   a c r y l a t e ,   AA  i s   a  
c o n t r a c t i o n  f o r   a c r y l i c   a c i d ,   MeA  r e p r e s e n t s  

m e t h y l a c r y l a t e ,   and  LSDI  r e p r e s e n t s   l ime   s o a p  
d i s p e r s i o n   i n d e x .  







The  4 0 / 6 0   c o p o l y m e r ,   w h i c h   gave   LSDI  o f  

2 6 . 7 ,   as  n o t e d   in  T a b l e   I ,   a b o v e ,   was  a g a i n  

s y n t h e s i z e d   and  d e t e r m i n a t i o n   of  t he   LSDI  w a s  

r e p e a t e d .   The  new  s a m p l e   of  t h e   c o p o l y m e r   gave   L S D I  

of  2 8 . 6   w h i c h   c o n f i r m e d   e a r l i e r   r e s u l t s   as  t o  

e f f i c a c y   of  t h e   c o p o l y m e r   as  to   i t s   l i m e   s o a p  

d i s p e r s i n g   p r o p e r t y .   D u r i n g   e v a l u a t i o n   of  t he   n e w  

s a m p l e ,   i t   was  o b s e r v e d   t h a t   pH  of  t he   s o d i u m   o l e a t e  

t e s t   s o l u t i o n   s h o u l d ' b e   1 0 . 5   and  o n l y   f r e s h   r e a g e n t  

s o l u t i o n   s h o u l d   be  u s e d   f o r   t h e   t e s t .   I f   o l d  

s o l u t i o n   i s   u s e d ,   t h e   h y d r o l y z e d   s o d i u m   o l e a t e   or  t h e  

a c i d - s o a p   c o m p l e x   r e s u l t s   in  LSDI  v a l u e s   t h a t   a r e   t o o  

low.   A l s o ,   i f   pH  of  t h e   s o d i u m   o l e a t e   r e a g e n t  

s o l u t i o n   i s   t o o   h i g h ,   s u c h   as  a b o u t   12,  the   L S D I  

v a l u e s   o b t a i n e d   r e m a i n   on  t he   low  s i d e .  

The  LSDI  v a l u e s   of  t h e   p o l y m e r s   d e s c r i b e d  

h e r e i n   a r e   f a r   h i g h e r   t h a n   any  known  c o m m e r c i a l   l i m e  

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

have   LSDI  v a l u e s   in  t h e   r a n g e   of  2  to  6,  and  a r e  

c o m p a r a b l e   or  b e t t e r   t h a n   t h e   u p p e r   r a n g e   of  L S D I  

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

have   LSDI  v a l u e s   in   t h e   r a n g e   of   8  to  2 5 .  

PRIOR  ART  EXAMPLE 

C o p o l y m e r s   of   a c r y l i c   a c i d   (AA)  a n d  

p o l y o x y e t h y l e n e   g l y c o l   m o n o m e t h a c r y l a t e   (PEGMM), 

d i s c l o s e d   in  U . S .   p a t e n t   3 , 7 1 9 , 6 4 7   as  s u i t a b l e  

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

were   p r e p a r e d   in  t h e   same  m a n n e r   as  t he   c o p o l y m e r s  

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

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

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

c o r r e s p o n d   to  t h e   p o l y a l k y l e n e   g l y c o l   m o n o a c r y l a t e s  

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

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

w e i g h t   of  a b o u t   2 0 , 0 0 0 .   R e s u l t s   of  t h e s e   t e s t s   a r e  

g i v e n   in  T a b l e   I I ,   b e l o w ,   w h e r e   w e i g h t   r a t i o   o f  



i n g r e d i e n t s   i s   g i v e n   f o l l o w e d   by  l i m e   d i s p e r s i o n  

i n d e x .  

B a s e d   on  t h e   d a t a   in   T a b l e   I ,   the   o p t i m u m  

c o p o l y m e r   of  2 - a c r y l a m i d o - 2 - m e t h y l   p r o p a n e   s u l f o n i c  

a c i d   (AMPS)  and  p o l y e t h y l e n e   g l y c o l  

m o n o m e t h a c r y l a t e   (PEGMM)  a t   2 0 , 0 0 0   m o l e c u l a r   w e i g h t  
had  LSDI  of  2 6 . 7   a t   4 0 / 6 0   w e i g h t   r a t i o   w h e r e a s   a t  

t h e   same  w e i g h t   r a t i o   in  t h i s   e x p e r i m e n t ,   LSDI  w a s  

o n l y   4 . 4 .   F u r t h e r m o r e ,   w h e r e a s   t h e   o p t i m u m   LSDI  

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

4 0 / 6 0   w e i g h t   r a t i o ,   t h e   o p t i m u m   LSDI  f o r   t h e  

AA/PEGMM  c o p o l y m e r s   o c c u r r e d   a t   2 0 / 8 0   w e i g h t   r a t i o  

w h e r e a s   v a l u e   of  1 3 . 3   LSDI  was  o b t a i n e d   as  c o m p a r e d  

to  1 6 . 0   f o r   t h e   h e r e i n   c l a i m e d   c o p o l y m e r s .   I t  

s h o u l d   be  a p p a r e n t   t h a t   t h e   u s e   of  AMPS  i n s t e a d   o f  

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

p r o v i d e   d i f f e r e n t   r e s u l t s   in  t e r m s   of  l i m e   s o a p  

d i s p e r s i n g   f u n c t i o n .  



1.  C l e a n i n g   c o m p o s i t i o n   f o r   w a s h i n g  

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

s u r f a c t a n t   s e l e c t e d   f rom  a n i o n i c   s u r f a c t a n t s ,  

n o n 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 ,   and  a  

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

p o l y a l k y l e n e   g l y c o l   m o n o a c r y l a t e s ,   c o p o l y m e r s   of  a t  

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

l e a s t   one  p o l y a l k y l e n e   g l y c o l   m o n o a c r y l a t e ,   a n d  

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

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

a r e   d e f i n e d   as   f o l l o w s :  

w h e r e   R3  i s   h y d r o g e n   or  m e t h y l ,   R4  i s   an  a l k y l e n e  

g r o u p   of   1  to   4  c a r b o n   a t o m s ,   R5  i s   h y d r o g e n ,   a n  

a l k y l   or  a l k e n y l   g r o u p   of  1  to  30  c a r b o n   a t o m s ,   a n  

a r y l   g r o u p   of   6  to  10  c a r b o n   a t o m s ,   or  an  a r a l k y l  

g r o u p   of  7  to  30  c a r b o n   a t o m s ,   and  n  i s  a   number   i n  

t h e   r a n g e   of  2  to  5 0 .  

2.  C o m p o s i t i o n   of  c l a i m   1  w h e r e i n   s a i d  

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

f o l l o w i n g :  

w h e r e   R  i s   e i t h e r   h y d r o g e n   or  m e t h y l   and  R 1  a n d  

R2  a r e   i n d i v i d u a l l y   s e l e c t e d   f rom  a l k y l   g r o u p s  
c o n t a i n i n g   1  to   4  c a r b o n   a t o m s .  

3.  C o m p o s i t i o n   of  c l a i m   2  w h e r e i n   t h e  

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



d i s p e r s a n t   i s   in  t h e   r a n g e   of  1 2 5 / 1   to   1 / 1 0 ,   s a i d  

c o p o l y m e r s   a r e   c o m p o s e d   of  5  to  95%  by  w e i g h t   o f  

p o l y m e r i z e d   u n i t s   d e r i v e d   f rom  s a i d   a c r y l a m i d o   a l k a n e  

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

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

s a i d   c o p o l y m e r s   i n c l u d i n g   up  to  60%  by  w e i g h t ,   b a s e d  

on  t h e   t o t a l   monomer   w e i g h t ,   of  p o l y m e r i z e d   u n i t s   o f  

one  or   more   a d d i t i v e   m o n o m e r s   s e l e c t e d   f r o m  

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

a c i d s   c o n t a i n i n g   3  to  8  c a r b o n   a t o m s ,   e s t e r s   t h e r e o f ,  

and  a n h y d r i d e s   t h e r e o f .  

4.  C o m p o s i t i o n   of  c l a i m   3  w h e r e i n   s a i d  

c o p o l y m e r s   a r e   c o m p o s e d   of  10  to  60%  by  w e i g h t   o f  

p o l y m e r i z e d   u n i t s   d e r i v e d   f rom  s a i d   a c r y l a m i d o   a l k a n e  

s u l f o n i c   a c i d s ,   90  to  40%  by  w e i g h t   b e i n g   p o l y m e r i z e d  

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

up  to   40%  by  w e i g h t   of  p o l y m e r i z e d   u n i t s   of   one   o r  

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

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

3  to  5  c a r b o n   a t o m s ,   l o w e r   a l k y l   e s t e r s   t h e r e o f   a n d  

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

w e i g h t   (Mw)  in  t he   r a n g e   of  2 , 0 0 0   to   2 0 0 , 0 0 0   and  s a i d  

h o m o p o l y m e r s   have   m o l e c u l a r   w e i g h t   (Mw)  in   t h e   r a n g e  
of  2 , 0 0 0   to   5 0 , 0 0 0 .  

5.  C o m p o s i t i o n   of  c l a i m   4  w h e r e i n   R   a n d  
R 2  a r e   i n d i v i d u a l l y   s e l e c t e d   f rom  a l k y l   g r o u p s  
c o n t a i n i n g   1  to   2  c a r b o n   a t o m s ,   R4  i s   a l k y l e n e  

g r o u p   of   2  to   3  c a r b o n   a t o m s ,   R5  i s   h y d r o g e n ,   and  n  
i s   a  n u m b e r   of  a b o u t   5  to   15,  and  w h e r e i n   s a i d  

w a t e r - s o l u b l e   s a l t s   of  s a i d   l i m e   s o a p   d i s p e r s a n t s   a r e  
s e l e c t e d   f rom  a l k a l i   m e t a l   s a l t s ,   ammonium  s a l t s ,   a n d  
s u b s t i t u t e d   ammonium  s a l t s .  

6.  C o m p o s i t i o n   of  c l a i m   5  w h e r e i n   s a i d  
s u l f o n i c   a c i d   i s   2 - a c r y l a m i d o - 2 - m e t h y l   p r o p a n e  
s u l f o n i c   a c i d ,   s a i d   m o n o a c r y l a t e   i s   p o l y e t h y l e n e  



g l y c o l   m o n o m e t h a c r y l a t e   c o n t a i n i n g   a b o u t   10  e t h y l e n e  

o x i d e   u n i t s ,   and  m o l e c u l a r   w e i g h t   (Mw)  of  s a i d   l i m e  

s o a p   d i s p e r s a n t   "is  a b o u t   6 0 , 0 0 0 .  

7.  C o m p o s i t i o n   of   c l a i m   7  s e l e c t e d   f rom  ( a )  

b a r   soap   c o m p o s i t i o n s   f o r   p e r s o n a l   use   w h e r e i n   r a t i o  

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

a b o u t   4 0 / 1   to   3 / 1 ,   (b)  ba r   s o a p   c o m p o s i t i o n s   f o r  

l a u n d r y   u se   w h e r e   t he   r a t i o   i s   a b o u t   3 0 / 1   to  2 / 1 ,   ( c )  

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

i s   a b o u t   4 0 / 1   to  3 / 1 ,   (d)  a n i o n i c   l a u n d r y   p o w d e r  

d e t e r g e n t   c o m p o s i t i o n s   w h e r e   t h e   r a t i o   i s   a b o u t   1 2 5 / 1  

to  2 / 1 ,   (e)  n o n i o n i c   l a u n d r y   p o w d e r   d e t e r g e n t  

c o m p o s i t i o n s   w h e r e   t he   r a t i o   i s   a b o u t   75 /1   to  1 / 1 ,  

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

w h e r e   t h e   r a t i o   i s   a b o u t   4 5 / 1   to   1 / 1 ,   and  (g)  m i x e d  

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

r a t i o   i s   a b o u t   5 0 / 1   to  1 / 1 0 .  

8.  Me thod   f o r   c l e a n i n g   s o i l e d   f a b r i c ,  

s o i l e d   h a r d   s u r f a c e ,   or  s o i l e d   human  body  in  a n  

a q u e o u s   e n v i r o n m e n t   c o m p r i s i n g   t h e   s t e p   of  c o n t a c t i n g  

s a i d   f a b r i c ,   h a r d   s u r f a c e   or  human  body   w i t h   t h e  

c o m p o s i t i o n   of   c l a i m   7  u n t i l   s u b s t a n t i a l   r e m o v a l   o f  

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

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

an  a c r y l a m i d o   a l k a n e   s u l f o n i c   a c i d   monomer  and  a  

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

and  s a i d   m o n o a c r y l a t e   a r e   d e f i n e d   r e s p e c t i v e l y   a s  
f o l l o w s :  



where   R  i s   h y d r o g e n   or  m e t h y l ,   R1  and  R2  a r e  

i n d i v i d u a l l y   s e l e c t e d   f rom  a l k y l   g r o u p s   of   1  t o   4 

c a r b o n   a t o m s ,   R3  i s   h y d r o g e n   or  m e t h y l ,   R4  i s  

an  a l k y l e n e   g r o u p   of   1  to  3  c a r b o n   a t o m s ,   R5  i s  

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

1  to  30  c a r b o n   a t o m s ,   a r y l   g r o u p s   of  6  to   14  c a r b o n  

a t o m s ,   and  a r a l k y l   g r o u p s   of  7  to   30  c a r b o n   a t o m s ,  

and  n  i s   a  n u m b e r   in   t h e   r a n g e   of   2  to   5 0 .  

10.   P o l y m e r   of  c l a i m   9  w h e r e i n   R  i s  

m e t h y l ,   R1  and   R2  a r e   i n d i v i d u a l l y   s e l e c t e d  

from  a l k y l   g r o u p s   of   1  to   2  c a r b o n   a t o m s ,   R3  i s  

m e t h y l ,   R4  i s   an  a l k y l e n e   g r o u p   of  2  to  3  c a r b o n  

a t o m s ,   R5  i s   h y d r o g e n ,   n  i s   in  t h e   r a n g e   of   a b o u t  

5  to  15 ,   a m o u n t   of  s a i d   s u l f o n i c   a c i d   monomer   i s   5 

to  95%  by  w e i g h t ,  b a s e d   on  t h e   t o t a l   w e i g h t   o f  

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

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

h a v i n g   m o l e c u l a r   w e i g h t   (Mw)  in  t h e   r a n g e   of   a b o u t  

2 , 0 0 0   to   2 0 0 , 0 0 0 .  
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