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@  Liquid  detergents  containing  boric  acid  to  stabilize  enzymes. 

  Heavy-duty  liquid  detergents  containing  anionic  surfac- 
tant,  fatty  acid,  builder,  proteolytic  or  amylolytic  enzyme, 
boric  acid  or  a  boron  compound  capable  of  forming  boric 
acid  in  the  composition,  and  calcium  ion  are  disclosed.  Boric 
acid  provides  improved  enzyme  stability  in  the  com- 
positions. 



T e c h n i c a l   F i e l d  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   h e a v y - d u t y   l i q u i d  

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

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

a m y l o l y t i c   e n z y m e ,   b o r i c   a c i d   or  a  b o r o n   c o m p o u n d   c a p a b l e  
of  f o r m i n g   b o r i c   a c i d   in  t he   c o m p o s i t i o n ,   and  c a l c i u m  

i o n .   B o r i c   a c i d   has   been   f o u n d   to  p r o v i d e   i m p r o v e d  

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

The  s t a b i l i z a t i o n   of  e n z y m e s   is   p a r t i c u l a r l y   d i f f i -  

c u l t   in  b u i l t ,   h e a v y - d u t y   l i q u i d   d e t e r g e n t s   c o n t a i n i n g  

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

s u r f a c t a n t s ,   e s p e c i a l l y   a l k y l   s u l f a t e s ,   t e n d   to  d e n a t u r e  

e n z y m e s   and  r e n d e r   them  i n a c t i v e .   D e t e r g e n t   b u i l d e r s   c a n  

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

a n d / o r   s t a b i l i t y .  

W h i l e   many  d i f f e r e n t   enzyme  s t a b i l i z e r s   have   b e e n  

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

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

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

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

U .S .   P a t e n t   4 , 2 6 1 , 8 6 8 ,   Hora  e t   a l ,   i s s u e d   A p r i l   1 4 ,  

1 9 8 1 ,   d i s c l o s e s   l i q u i d   d e t e r g e n t s   c o n t a i n i n g   as  a n  

e n z y m e - s t a b i l i z i n g   s y s t e m ,   2-25%  of  a  p o l y f u n c t i o n a l  

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

a m i n e ,   d i - i s o p r o p a n o l a m i n e ,   t r i i s o p r o p a n o l a m i n e   a n d  

t r i s ( h y d r o x y m e t h y l )   a m i n o m e t h a n e ,   and  0 . 2 5 - 1 5 %   of  a  b o r o n  

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

and  s o d i u m   o r t h o - ,   m e t a -   and  p y r o b o r a t e .   The  c o m p o s i -  

t i o n s   can   c o n t a i n   10-60%  s u r f a c t a n t ,   i n c l u d i n g   a n i o n i c s ,  

and  up  to   40%  b u i l d e r .  

U.S .   P a t e n t   4 , 4 0 4 , 1 1 5 ,   T a i ,   i s s u e d   S e p t e m b e r   1 3 ,  

1 9 8 3 ,   d i s c l o s e s   l i q u i d   c l e a n i n g   c o m p o s i t i o n s ,   p r e f e r a b l y  

b u i l t   l i q u i d   d e t e r g e n t s ,   c o n t a i n i n g   e n z y m e ,   1-15%  a l k a l i  

m e t a l   p e n t a b o r a t e ,   0-15%  a l k a l i   m e t a l   s u l f i t e ,   and  0 - 1 5 %  



of  a  p o l y o l   h a v i n g   2-6  h y d r o x y   g r o u p s .   The  c o m p o s i t i o n s  
can   c o n t a i n   1-60%  s u r f a c t a n t ,   p r e f e r a b l y   a  m i x t u r e   o f  

a n i o n i c   and  n o n i o n i c   in  a  w e i g h t   r a t i o   of   6:1  to   1 : 1 ,  
w i t h   or   w i t h o u t   s o a p .   The  c o m p o s i t i o n s   a l s o   p r e f e r a b l y  
c o n t a i n   5-50%  b u i l d e r .  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   J 7 8 0 2 8 5 1 5 ,   a s s i g n e d   t o  

N a g a s e   and  C o . ,   L t d . ,   p u b l i s h e d   A u g u s t   15,   1978 ,   d i s -  

c l o s e s   l i q u i d   d e t e r g e n t s   c o n t a i n i n g   s o r b i t o l   and  b o r a x   a s  

an  e n z y m e - s t a b i l i z i n g   s y s t e m .  

C a n a d i a n   P a t e n t   9 4 7 , 2 1 3 ,   D u l a t   e t   a l ,   i s s u e d   May  1 4 ,  

1 9 7 4 ,   d i s c l o s e s   d e t e r g e n t s   c o n t a i n i n g   e n z y m e s   and  a  m i x e d  

p h o s p h a t e / b o r a t e   b u i l d e r   s y s t e m .   ( T h i s   same  t e c h n o l o g y  

a p p e a r s   to   be  d i s c l o s e d   in  U .S .   D e f e n s i v e   P u b l i c a t i o n  

T 8 7 5 , 0 2 0 ,   p u b l i s h e d   J u n e   23,   1 9 7 0 . )  

C a n a d i a n   P a t e n t   1 , 0 9 2 , 0 3 6 ,   H o r a   e t   a l ,   i s s u e d  

D e c e m b e r   23,  1 9 8 0 ,   d i s c l o s e s   e n z y m a t i c   l i q u i d   d e t e r g e n t s  

c o n t a i n i n g   4-25%  p o l y o l   and  b o r i c   a c i d   (or   b o r o n -  

e q u i v a l e n t )   in   a  w e i g h t   r a t i o   of   p o l y o l   to   b o r i c   a c i d  

l e s s   t h a n   1.  The  c o m p o s i t i o n s   can  c o n t a i n   10-60%  s u r f a c -  

t a n t   and  up  t o   40%  b u i l d e r ,   a l t h o u g h   t h e y   a r e   p r e f e r a b l y  
u n b u i l t .  

B r i t i s h   P a t e n t   A p p l i c a t i o n   2 , 0 7 9 , 3 0 5 ,   B o s k a m p ,  

p u b l i s h e d   J a n u a r y   20,  1982,   d i s c l o s e s   b u i l t   l i q u i d  

d e t e r g e n t s   c o n t a i n i n g   enzyme ,   4-25%  p o l y o l ,   b o r i c   a c i d  

(or   b o r o n - e q u i v a l e n t ) ,   in  a  w e i g h t   r a t i o   of   p o l y o l   t o  

b o r i c   a c i d   g r e a t e r   t h a n   1,  and  0 . 1 - 2 %   of   a  n e u t r a l i z e d  

c r o s s - l i n k e d   p o l y a c r y l a t e .   The  c o m p o s i t i o n s   can  c o n t a i n  

1-60%  s u r f a c t a n t   and  up  to  60%  b u i l d e r .  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   8 0 2 2 3 ,   B o s k a m p ,   p u b -  

l i s h e d   J u n e   1,  1 9 8 3 ,   d i s c l o s e s   l i q u i d   d e t e r g e n t s   c o n t a i n -  

i n g   e n z y m e ,   2-15%  b o r i c   a c i d ,   2-25%  p o l y o l   or  p o l y f u n c -  

t i o n a l   a m i n o   c o m p o u n d ,   and  5-20%  of   a  s u l f u r - b a s e d  

r e d u c i n g   s a l t .   The  c o m p o s i t i o n s   can   c o n t a i n   1 -60% 

s u r f a c t a n t   and  up  to   60%  b u i l d e r .  



German  P a t e n t   A p p l i c a t i o n   3 , 3 3 0 , 3 2 3 ,   p u b l i s h e d   M a r c h  

1,  1984 ,   d i s c l o s e s   in  E x a m p l e s   1  and  2  l i q u i d   d e t e r g e n t s  

c o n t a i n i n g   a n i o n i c   s u r f a c t a n t ,   e n z y m e ,   c a l c i u m   and  2% 

s o d i u m   b o r a t e .  

U .S .   P a t e n t   4 , 3 1 8 , 8 1 8 ,   L e t t o n   e t   a l ,   i s s u e d   March   9 ,  

1982 ,   d i s c l o s e s   l i q u i d   d e t e r g e n t s   c o n t a i n i n g   an  e n z y m e -  

s t a b i l i z i n g   s y s t e m   c o m p r i s i n g   c a l c i u m   i on   and  a  l o w  

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

f o r m a t e .  

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

T h i s   i n v e n t i o n   r e l a t e s   to  h e a v y - d u t y   l i q u i d   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 ,   by  w e i g h t :  

(a)  f rom  a b o u t   10%  to  a b o u t   50%  of   an  a n i o n i c  

s y n t h e t i c   s u r f a c t a n t ;  

(b)  f rom  a b o u t   3%  to  a b o u t   30%  of   a  C10-C22  f a t t y  

a c i d ;  

(c)  f rom  a b o u t   2%  to  a b o u t   15%  of  a  w a t e r - s o l u b l e  

d e t e r g e n c y   b u i l d e r ;  

(d)  f rom  a b o u t   0.01%  to  a b o u t   5%  of  a  p r o t e o l y t i c  

or  a m y l o l y t i c   e n z y m e ;  

(e)  f rom  a b o u t   0.25%  to  a b o u t   10%  of  b o r i c   a c i d   o r  

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

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

(f)  f rom  a b o u t   1  to   a b o u t   30  m i l l i m o l e s   of  c a l c i u m  

ion   p e r   l i t e r   of   c o m p o s i t i o n ;   a n d  

(g)  f rom  a b o u t   20%  to  a b o u t   80%  of  w a t e r .  

D e t a i l e d   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

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

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

p r o t e o l y t i c   or  a m y l o l y t i c   e n z y m e ,   b o r i c   a c i d   or  a  b o r o n  

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

t i o n ,   c a l c i u m   i o n ,   and  w a t e r .   B o r i c   a c i d   p r o v i d e s  

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

l i q u i d   d e t e r g e n t s   h e r e i n .   W h i l e   n o t   i n t e n d i n g   to  b e  

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



c a l c i u m   form  i n t r a m o l e c u l a r   b o n d s   w h i c h   e f f e c t i v e l y  
c r o s s - l i n k   or  s t a p l e   an  enzyme  m o l e c u l e   t o g e t h e r ,   t h e r e b y  

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

i n g l y ,   b o r i c   a c i d   a p p e a r s   to  be  a  b e t t e r   e n z y m e   s t a b i l i -  

z e r   in  t h e   p r e s e n t   c o m p o s i t i o n s   t h a n   in  c o m p o s i t i o n s  

w h i c h   a r e   l e s s   s t r e s s f u l   to   e n z y m e s ,   s u c h   as  t h o s e  

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

b u i l d e r .  

A n i o n i c   S y n t h e t i c   S u r f a c t a n t  

The  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 o n t a i n  

f rom  a b o u t   10%  to  a b o u t   50%,  p r e f e r a b l y   f rom  a b o u t   12%  t o  

a b o u t   35%,  and  m o s t   p r e f e r a b l y   f rom  a b o u t   15%  to  a b o u t  

25%,  by  w e i g h t   of  an  a n i o n i c   s y n t h e t i c   s u r f a c t a n t .  

S u i t a b l e   a n i o n i c   s u r f a c t a n t s   a r e   d i s c l o s e d   in   U.S .   P a t e n t  

4 , 2 8 5 , 8 4 1 ,   B a r r a t   e t   a l ,   i s s u e d   A u g u s t   25,  1981 ,   and  i n  

U.S .   P a t e n t   3 , 9 2 9 , 6 7 8 ,   L a u g h l i n   e t   a l ,   i s s u e d   D e c e m b e r  

30,   1 9 7 5 ,   b o t h   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 .  

U s e f u l   a 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   w a t e r - s o l u b l e  

s a l t s ,   p a r t i c u l a r l y   t he   a l k a l i   m e t a l ,   ammonium  and  a l k y l -  

o l a m m o n i u m   ( e . g . ,   m o n o e t h a n o l a m m o n i u m   or  t r i e t h a n o l a m -  

monium)   s a l t s ,   of  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   g r o u p  

c o n t a i n i n g   f rom  a b o u t   10  to   a b o u t   20  c a r b o n   a t oms   and  a  

s u l f o n i c   a c i d   or  s u l f u r i c   a c i d   e s t e r   g r o u p .   ( I n c l u d e d   i n  

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   of   a r y l   g r o u p s . )  

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

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   (C8-C18  c a r b o n   a t o m s )   s u c h   as  t h o s e  

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

o i l ;   and  t h e   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 he   a l k y l  

g r o u p   c o n t a i n s   f rom  a b o u t   9  to   a b o u t   15  c a r b o n   a t o m s ,   i n  

s t r a i g h t   c h a i n   or  b r a n c h e d   c h a i n   c o n f i g u r a t i o n ,   e . g . ,  
t h o s e   of   t h e   t y p e   d e s c r i b e d   in   U.  S.  P a t e n t s   2 , 2 2 0 , 0 9 9  

and  2 , 4 7 7 , 3 8 3 .   E s p e c i a l l y   v a l u a b l e   a r e   l i n e a r   s t r a i g h t  

c h a i n   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 v e r a g e   n u m b e r  

of  c a r b o n   a t o m s   in   t h e   a l k y l   g r o u p   i s   f rom  a b o u t   11  t o  

1 4 .  



O t h e r   a n i o n i c   s u r f a c t a n t s   h e r e i n   a r e   t h e   w a t e r -  

s o l u b l e   s a l t s   o f :   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   f r o m  

a b o u t   8  to  a b o u t   24  ( p r e f e r a b l y   a b o u t   12  to   18)  c a r b o n  

a t o m s ;   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  C8-18   a l c o h o l s   ( e . g . ,   t h o s e   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 ) ;   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 s   c o n t a i n i n g   f rom  a b o u t   1  to   a b o u t   4  u n i t s   o f  

e t h y l e n e   o x i d e   p e r   m o l e c u l e   and  f rom  a b o u t   8  to   a b o u t   1 2  

c a r b o n   a toms   in  t h e   a l k y l   g r o u p ;   and  a l k y 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 s   c o n t a i n i n g   a b o u t   1  to   a b o u t   4  u n i t s   o f  

e t h y l e n e   o x i d e   p e r   m o l e c u l e   and  f rom  a b o u t   10  to   a b o u t   2 0  

c a r b o n   a t oms   in  t h e   a l k y l   g r o u p .  
O t h e r   u s e f u l   a 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   w a t e r -  

s o l u b l e   s a l t s   of  e s t e r s   o f   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   f rom  a b o u t   6  to   20  c a r b o n   a t oms   in  t he   f a t t y  

a c i d   g r o u p   and  f rom  a b o u t   1  to   10  c a r b o n   a toms   in   t h e  

e s t e r   g r o u p ;   w a t e r - s o l u b l e   s a l t s   of   2 - a c y l o x y -   a l k a n e - l -  

s u l f o n i c   a c i d s   c o n t a i n i n g   f rom  a b o u t   2  to  9  c a r b o n   a t o m s  

in   t h e   a c y l   g r o u p   and  f rom  a b o u t   9  to   a b o u t   23  c a r b o n  

a t o m s   in  t he   a l k a n e   m o i e t y ;   w a t e r - s o l u b l e   s a l t s   of  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   f r o m   a b o u t   12  to  24  c a r b o n   a t o m s ;  

and   b e t a - a l k y l o x y   a l k a n e   s u l f o n a t e s   c o n t a i n i n g   f rom  a b o u t  

1  to   3  c a r b o n   a t o m s   in  t h e   a l k y l   g r o u p   and  f rom  a b o u t   8 

t o   20  c a r b o n   a t oms   in  t h e   a l k a n e   m o i e t y .  

P r e f e r r e d   a n i o n i c   s u r f a c t a n t s   a r e   t he   C10-C18  a l k y l  

s u l f a t e s   and  a l k y l   e t h o x y   s u l f a t e s   c o n t a i n i n g   an  a v e r a g e  

o f   up  to   a b o u t   4  e t h y l e n e   o x i d e   u n i t s   p e r   mole  of   a l k y l  

s u l f a t e ,   C11-C13  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 ,   a n d  

m i x t u r e s   t h e r e o f .  

The  c o m p o s i t i o n s   p r e f e r a b l y   c o n t a i n   f rom  a b o u t   1%  t o  

a b o u t   5%,  more  p r e f e r a b l y   f rom  a b o u t   2%  to  a b o u t   4%,  b y  

w e i g h t   of  u n e t h o x y l a t e d   a l k y l   s u l f a t e .   T h e s e   a l k y l  

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

a r e   v e r y   d e n a t u r i n g   to   e n z y m e s .   B o r i c   a c i d   i s   b e l i e v e d  

t o   be  p a r t i c u l a r l y   e f f e c t i v e   a t   s t a b i l i z i n g   e n z y m e s   i n  

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



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

s y n t h e t i c   s u r f a c t a n t s   known  in  t h e   a r t ,   s u c h   as  t h e  

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

t a n t s   d e s c r i b e d   in   t h e   a b o v e - c i t e d   B a r r a t   e t   a l   a n d  

L a u g h l i n   e t   a l   p a t e n t s .  

A  p r e f e r r e d   c o s u r f a c t a n t ,   u s e d   a t   a  l e v e l   o f   f r o m  

a b o u t   2%  to  a b o u t   25%,  p r e f e r a b l y   f rom  a b o u t   3%  to   a b o u t  

15%,  more   p r e f e r a b l y   f rom  a b o u t   4%  to   a b o u t   10%,  b y  

w e i g h t   of   t h e   c o m p o s i t i o n ,   i s   an  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   of   t h e   f o r m u l a   R1(OC2H4)nOH,   w h e r e i n   R1  i s   a  

C 1 - C 1 6   a l k y l   g r o u p   o r  a   C8-C12  a l k y l   p h e n y l   g r o u p ,  n   i s  

f r o m   a b o u t   3  to   a b o u t   9,  and  s a i d   n o n i o n i c   s u r f a c t a n t   h a s  

an  HLB  ( h y d r o p h i l e - l i p o p h i l e   b a l a n c e )   of   f rom  a b o u t   10  t o  

a b o u t   13.  T h e s e   s u r f a c t a n t s   a r e   more   f u l l y   d e s c r i b e d   i n  

U . S .   P a t e n t s   4 , 2 8 5 , 8 4 1 ,   B a r r a t   e t   a l ,   i s s u e d   A u g u s t   2 5 ,  

1 9 8 1 ,   and  4 , 2 8 4 , 5 3 2 ,   L e i k h i m   e t   a l ,   i s s u e d   A u g u s t   1 8 ,  

1 9 8 1 ,   b o t h   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 a r t i c u l a r -  

ly   p r e f e r r e d   a r e   c o n d e n s a t i o n   p r o d u c t s   o f   C 1 2 - C 1 5   a l c o -  

h o l s   w i t h   f rom  a b o u t   3  to   a b o u t   8  m o l e s   o f   e t h y l e n e   o x i d e  

p e r   mole   of   a l c o h o l ,   e . g . ,   C12-C13  a l c o h o l   c o n d e n s e d   w i t h  

a b o u t   6 .5   m o l e s   of   e t h y l e n e   o x i d e   p e r   m o l e   of   a l c o h o l .  

O t h e r   p r e f e r r e d   c o s u r f a c t a n t s ,   u s e d   a t   a  l e v e l   o f  

f r o m   a b o u t   0.5%  to  a b o u t   3%,  p r e f e r a b l y   f r o m   a b o u t   0 . 7 %  

to   a b o u t   2%,  by  w e i g h t   a r e   c e r t a i n   q u a t e r n a r y   a m m o n i u m ,  

a m i n e   or  amine   o x i d e   s u r f a c t a n t s .   The  q u a t e r n a r y   a m m o n -  

ium  s u r f a c t a n t s   u s e f u l   h e r e i n   a r e   of   t h e   f o r m u l a :  

w h e r e i n   R   i s   an  a l k y l  o r   a l k y l   b e n z y l   g r o u p   h a v i n g   f r o m  

a b o u t   6  to   a b o u t   16  c a r b o n   a toms   in  t h e   a l k y l   c h a i n ;   e a c h  

R3  is   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of   - C H 2 C H 2 - ,  

- C H 2 C H ( C H 3 ) - ,   - C H 2 C H ( C H 2 0 H ) - ,   -CH2CH2CH2- ,   and  m i x t u r e s  

t h e r e o f ;   e a c h   R4  i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

C1-C4  a l k y l ,   C1-C4  h y d r o x y a l k y l ,   b e n z y l ,   and  h y d r o g e n  

when   y  i s   n o t   0;  R5  i s   t h e   same  as  R 4  or  i s   an  a l k y l  

c h a i n   w h e r e i n   t h e   t o t a l   n u m b e r   of   c a r b o n   a t o m s   of   R2  p l u s  
R5  i s   f rom  a b o u t   8  to   a b o u t   16;  e a c h   y  i s   f rom  0  to   a b o u t  



10  and  t h e   sum  of   t h e   y  v a l u e s   i s   f rom  0  to   a b o u t   15;  a n d  

X  i s   any  c o m p a t i b l e   a n i o n .  

P r e f e r r e d   o f   t h e   a b o v e   a r e   t h e   a l k y l   q u a t e r n a r y  

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

a l k y l   s u r f a c t a n t s   d e s c r i b e d   in   t h e   a b o v e   f o r m u l a   when  R5 

i s   s e l e c t e d   f rom  t h e   same  g r o u p s   as  R4.  The  m o s t   p r e -  
f e r r e d   q u a t e r n a r y   ammonium  s u r f a c t a n t s   a r e   t h e   c h l o r i d e ,  

b r o m i d e   and  m e t h y l s u l f a t e   C8-16   a l k y l   t r i m e t h y l a m m o n i u m  

s a l t s ,   C8-16   a l k y l   d i ( h y d r o x y e t h y l ) m e t h y l a m m o n i u m   s a l t s ,  

t h e   C 8 - 1 6   a l k y l   h y d r o x y e t h y l d i m e t h y l a m m o n i u m   s a l t s ,   C 8 - 1 6  
a l k y l o x y p r o p y l   t r i m e t h y l a m m o n i u m   s a l t s ,   and  t h e   C 8 - 1 6  
a l k y l o x y p r o p y l   d i h y d r o x y e t h y l m e t h y l a m m o n i u m   s a l t s .   O f  

t h e   a b o v e ,   t h e   C 1 0 - C 1 4   a l k y l   t r i m e t h y l a m m o n i u m   s a l t s   a r e  

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

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

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

and  m e t h y l s u l f a t e .  

U n d e r   c o l d   w a t e r   w a s h i n g   c o n d i t i o n s ,   i . e . ,   l e s s   t h a n  

a b o u t   65°F  ( 1 8 . 3 ° C ) ,   t h e   C 8 - 1 0  a l k y l   t r i m e t h y l a m m o n i u m  

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

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

t h a n   t h e   l o n g e r   c h a i n   q u a t e r n a r y   ammonium  s u r f a c t a n t s .  

Amine  s u r f a c t a n t s   u s e f u l   h e r e i n   a r e   of  t h e   f o r m u l a :  

w h e r e i n   t h e   R2,  R  ,   R 4 ,  R 5  a n d  y   s u b s t i t u e n t s   a r e   a s  

d e f i n e d   a b o v e   f o r   t h e   q u a t e r n a r y   ammonium  s u r f a c t a n t s .  

P a r t i c u l a r l y   p r e f e r r e d   a r e   t h e   C 1 2 - 1 6   a l k y l   d i m e t h y l  

a m i n e s .  

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

f o r m u l a :  

w h e r e i n   t h e   R2,  R3,  R 4 ,  R 5  a n d   y  s u b s t i t u e n t s   a r e   a l s o   a s  

d e f i n e d   a b o v e   f o r   t h e   q u a t e r n a r y   ammonium  s u r f a c t a n t s .  

P a r t i c u l a r l y   p r e f e r r e d   a r e   t h e   C 1 2 - 1 6   a l k y l   d i m e t h y l  

a m i n e   o x i d e s .  



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

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

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

p r o t o n a t e d   in  t h e   p r e s e n t   c o m p o s i t i o n s .   For   e x a m p l e ,  

p r e f e r r e d   c o m p o s i t i o n s   h e r e i n   can  c o n t a i n   f rom  a b o u t   0 . 5 %  

to   a b o u t   1.5%  o f   t h e   q u a t e r n a r y   ammonium  s u r f a c t a n t ,   o r  

f r o m   a b o u t   1%  to   a b o u t   3%  of   t h e   a m i n e   or   a m i n e   o x i d e  

s u r f a c t a n t s .  

F a t t y   A c i d  

The  c o m p o s i t i o n s   of   t he   p r e s e n t   i n v e n t i o n   a l s o  

c o n t a i n   f r o m   a b o u t   3%  to  a b o u t   30%,  more   p r e f e r a b l y   f r o m  

a b o u t   5%  to   a b o u t   20%,  m o s t   p r e f e r a b l y   f rom  a b o u t   8%  t o  

a b o u t   15%,  by  w e i g h t   of   a  f a t t y   a c i d   c o n t a i n i n g   f r o m  

a b o u t   10  to   a b o u t   22  c a r b o n   a t o m s .   The  f a t t y   a c i d   c a n  

a l s o   c o n t a i n   f rom  a b o u t   1  to  a b o u t   10  e t h y l e n e   o x i d e  

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

f a t t y   a c i d s   c o n t a i n i n g   f rom  a b o u t   10  to   a b o u t   14  c a r b o n  

a t o m s .   In  a d d i t i o n ,   t h e   w e i g h t   r a t i o   o f   C10-C12   f a t t y  

a c i d   to   C14  f a t t y   a c i d   s h o u l d   be  a t   l e a s t   1,  p r e f e r a b l y  

a t   l e a s t   1 . 5 .  

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

n a t u r a l   s o u r c e s   s u c h   as  p l a n t   or   a n i m a l   e s t e r s   ( e . g . ,  

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

o i l )   or  s y n t h e t i c a l l y   p r e p a r e d   ( e . g . ,   v i a   t h e   o x i d a t i o n  

o f   p e t r o l e u m   or   by  h y d r o g e n a t i o n   of   c a r b o n   m o n o x i d e   v i a  

t h e   F i s h e r - T r o p s c h   p r o c e s s ) .   E x a m p l e s   of   s u i t a b l e  

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

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

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

f a t t y   a c i d s ,   f r o m   a b o u t   5 :1   to  1:1  ( p r e f e r a b l y   a b o u t   3 : 1 )  

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

m i x t u r e s   o f   t h e   a b o v e   w i t h   m i n o r   a m o u n t s   ( e . g . ,   10%-30% 

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

k e r n e l   f a t t y   a c i d .  



W a t e r - S o l u b l e   D e t e r g e n c y   B u i l d e r  

The  c o m p o s i t i o n s   h e r e i n   c o n t a i n   f rom  a b o u t   2%  t o  

a b o u t   15%,.  p r e f e r a b l y   f rom  a b o u t   3%  to   a b o u t   10%,  m o r e  

p r e f e r a b l y   f rom  a b o u t   4%  to  a b o u t   8%,  by  w e i g h t   of  a  

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

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

U .S .   P a t e n t   4 , 2 8 4 , 5 3 2 ,   L e i k h i m   e t   a l ,   i s s u e d   A u g u s t   1 8 ,  

1 9 8 1 ,   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 o l y c a r b o x y l a t e  

b u i l d e r s   a r e   p r e f e r r e d .  

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

v a r i o u s   a m i n o p o l y c a r b o x y l a t e s ,   c y c l o a l k a n e   p o l y c a r b o x y -  

l a t e s ,   e t h e r   p o l y c a r b o x y l a t e s ,   a l k y l   p o l y c a r b o x y l a t e s ,  

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

b e n z e n e   p o l y c a r b o x y l a t e s ,   and  p o l y a c e t a l   p o l y c a r b o x y l -  

a t e s .  

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

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

p o t a s s i u m   n i t r i l o t r i a c e t a t e ;   t he   w a t e r - s o l u b l e   s a l t s   o f  

p h y t i c   a c i d ,   e . g . ,   s o d i u m   and  p o t a s s i u m   p h y t a t e s ,   d i s -  

c l o s e d   in   U . S .   P a t e n t   1 , 7 3 9 , 9 4 2 ,   E c k e y ,   i s s u e d   March  2 7 ,  

1956 ,   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 ;   t h e   p o l y c a r -  

b o x y l a t e   m a t e r i a l s   d e s c r i b e d   in  U .S .   P a t e n t   3 , 3 6 4 , 1 0 3 ,  

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 ;   and  t h e   w a t e r - s o l u b l e  

s a l t s   of   p o l y c a r b o x y l a t e   p o l y m e r s   and  c o p o l y m e r s   d e s -  

c r i b e d   in   U . S .   P a t e n t   3 , 3 0 8 , 0 6 7 ,   D i e h l ,   i s s u e d   March  7 ,  

1 9 6 7 ,   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 .  

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

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

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

t i c s :   (a)  a  minimum  m o l e c u l a r   w e i g h t   of  a b o u t   350  

c a l c u l a t e d   as  to  t h e   a c i d   fo rm;   (b)  an  e q u i v a l e n t   w e i g h t  

of   a b o u t   50  to   a b o u t   80  c a l c u l a t e d   as  to   a c i d   fo rm;   (3)  

a t   l e a s t   45  mole   p e r c e n t   of  t h e   m o n o m e r i c   s p e c i e s   h a v i n g  

a t   l e a s t   two  c a r b o x y l   r a d i c a l s   s e p a r a t e d   f rom  e a c h   o t h e r  

by  n o t   more   t h a n   two  c a r b o n   a t o m s :   (d)  t h e   s i t e   o f  



a t t a c h m e n t   of   t h e   p o l y m e r   c h a i n   of   any  c a r b o x y l -  

c o n t a i n i n g   r a d i c a l   b e i n g   s e p a r a t e d   by  n o t   more   t h a n   t h r e e  

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

a t t a c h m e n t   of   t h e   n e x t   c a r b o x y l - c o n t a i n i n g   r a d i c a l .  

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

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

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

c i t r a c o n i c   a c i d .  

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

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

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

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

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

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

O t h e r   p o l y c a r b o x y l a t e s   f o r   u s e   h e r e i n   a r e   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   d e s c r i b e d   in   U .S .   P a t e n t  

4 , 1 4 4 , 2 2 6 ,   i s s u e d   M a r c h   13 ,   1979  to   C r u t c h f i e l d   e t   a l ,  

and   U .S .   P a t e n t   4 , 1 4 6 , 4 9 5 ,   i s s u e d   March   27,   1979  t o  

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

in   U . S .   P a t e n t   3 , 2 1 3 , 0 3 0 ,   D i e h l ,   i s s u e d   O c t o b e r   19,  1 9 6 5 ,  

U . S .   P a t e n t   3 , 4 3 3 , 0 2 1 ,   Roy,   i s s u e d   J a n u a r y   14,  1968 ,   U . S .  

P a t e n t   3 , 2 9 2 , 1 2 1 ,   G e d g e ,   i s s u e d   J a n u a r y   9,  1969  and  U . S .  

P a t e n t   2 , 5 9 9 , 8 0 7 ,   B e r s w o r t h ,   i s s u e d   J u n e   10,  1 9 5 2 ,   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   p o l y p h o s -  

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

e t h y l e n e   d i p h o s p h o n i c   a c i d ,   e t h a n e   1 - h y d r o x y - 1 , 1 - d i p h o s -  

p h o n i c   a c i d ,   and  e t h a n e - 1 , 1 , 2 - t r i p h o s p h o n i c   a c i d .  

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

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

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

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

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

a c i d .  



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

s o l u b l e   t r i p o l y p h o s p h a t e s ,   p y r o p h o s p h a t e s ,   and  t h e  

p o l y m e r i c   m e t a p h o s p h a t e s   h a v i n g   a  d e g r e e   of   p o l y m e r i z a -  
t i o n   of   f rom  a b o u t   6  to  21.  H o w e v e r ,   t h e   t r i p o l y p h o s -  

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

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

s t o r a g e   in   a q u e o u s   s o l u t i o n s .   S i n c e   t h e   o r t h o p h o s p h a t e s  

p r e c i p i t a t e   b u t   do  n o t   s e q u e s t e r   w a t e r - h a r d n e s s   i o n s ,   t h e  

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

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

t e n d e n c y   to  p r e c i p i t a t e   f rom  c o n c e n t r a t e d   s o l u t i o n s   a t  

low  s t o r a g e   t e m p e r a t u r e s .  
C i t r a t e s   a r e   h i g h l y   p r e f e r r e d   b u i l d e r   m a t e r i a l s .  

The  c o m p o s i t i o n s   a l s o   p r e f e r a b l y   c o n t a i n   f rom  a b o u t   0 . 1 %  

to   a b o u t   1%,  p r e f e r a b l y   from  a b o u t   0.2%  to  a b o u t   0 .6%,   b y  

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

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

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

a c i d ,   or  d i e t h y l e n e t r i a m i n e   p e n t a a c e t i c   a c i d   to  e n h a n c e  

c l e a n i n g   p e r f o r m a n c e   when  p r e t r e a t i n g   f a b r i c s .  

E n z y m e  

The  c o m p o s i t i o n s   of   t he   p r e s e n t   i n v e n t i o n   c o n t a i n  

f r o m   a b o u t   0.01%  to  a b o u t   5%,  p r e f e r a b l y   f rom  a b o u t   0 . 0 5 %  

to  a b o u t   2%,  by  w e i g h t   of  t h e   c o m p o s i t i o n   of  a  p r o t e o -  

l y t i c   or   a m y l o l y t i c   e n z y m e .   P r o t e o l y t i c   e n z y m e s   a r e  

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

a c t i v i t y   of   f rom  a b o u t   0 . 0 0 5   to  a b o u t   0 . 1 ,   more  p r e f e r -  

a b l y   f rom  a b o u t   0 . 0 1   to  a b o u t   0 . 0 7 ,   mos t   p r e f e r a b l y   f r o m  

a b o u t   0 . 0 1 2   to   a b o u t   0 . 0 4 ,   Anson   u n i t s   p e r   gram  o f  

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

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

s p e c i e s   known  to  be  a d a p t e d   f o r   u se   in  d e t e r g e n t   c o m p o s i -  

t i o n s .   C o m m e r c i a l   enzyme  p r e p a r a t i o n s   s u c h   as  " A l c a l a s e "  

s o l d   by  Novo  I n d u s t r i e s ,   and  " M a x a t a s e "   s o l d   by  G i s t -  



B r o c a d e s ,   D e l f t ,   The  N e t h e r l a n d s ,   a r e   s u i t a b l e .   O t h e r  

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

a v a i l a b l e   u n d e r   t h e   t r a d e n a m e s   SP-72   ( " E s p e r a s e " )   m a n u -  

f a c t u r e d   and  s o l d   by  Novo  I n d u s t r i e s ,   A /S ,   C o p e n h a g e n ,  

D e n m a r k   and  " A Z - P r o t e a s e "   m a n u f a c t u r e d   and  s o l d   b y  

G i s t - B r o c a d e s ,   D e l f t ,   The  N e t h e r l a n d s .  

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

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

t h e y   have   no  d e t e c t a b l e   o d o r   a t   a  c o n c e n t r a t i o n   o f   l e s s  

t h a n   a b o u t   0 . 0 0 2   Anson   u n i t s   p e r   gram  in  one  l i t e r   o f  

d i s t i l l e d   w a t e r .   They  p r e f e r a b l y   h a v e   no  d e t e c t a b l e   o d o r  

a t   a  c o n c e n t r a t i o n   of   l e s s   t h a n   a b o u t   0 . 0 0 2 5 ,   m o r e  

p r e f e r a b l y   l e s s   t h a n   a b o u t   0 . 0 0 3 ,   Anson   u n i t s   p e r   g r a m  

p e r   l i t e r   of  d i s t i l l e d   w a t e r .  

P r o t e a s e s   h e r e i n   can  be  o d o r   p u r i f i e d   by  any  m e t h o d  

known  in  t h e   a r t .   E x a m p l e s   i n c l u d e   t h e   s o l v e n t   p r e -  

c i p i t a t i o n   m e t h o d s   d e s c r i b e d   in   P r e c i p i t a t i o n   of   t h e  

E n z y m e s   and  T h e i r   S t a b i l i t y   in   High  A l c o h o l   C o n c e n -  

t r a t i o n s   by  B a u e r   e t   a l   in   t h e   I s r a e l   J .   Chem.  5 ( 3 ) ,  

p a g e s   1 1 7 - 2 0   (1967)   and  Enzyme  P r e p a r a t i o n s   by  S u g i u r a   e t  

a l   and  Y a k u s a i g a k u   1967 ,   Volume  2 7 ( 2 ) ,   p a g e s   1 3 5 - 9 .  

S o l v e n t   i n i t i a t e d   p r e c i p i t a t i o n   of  a  c r u d e   c o m m e r -  

c i a l   enzyme  s o l u t i o n   r e s u l t s   in   m o s t   of  t h e   e n z y m a t i c  

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

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

l i q u i d .   D e c a n t a t i o n   or  c e n t r i f u g a t i o n   of  t h e   s u p e r n a t a n t  

l i q u i d   f rom  t h e   p r e c i p i t a t e d   enzyme   r e s u l t s   in  an  e n z y m e  

f r a c t i o n   w i t h   e n r i c h e d   e n z y m a t i c   a c t i v i t y / g r a m   a n d  

i m p r o v e d   o d o r   and  c o l o r .  

V a r i o u s   s o l v e n t s   or  s o l v e n t   p a i r   c o m b i n a t i o n s   can   b e  

u s e d   to   e f f e c t   t h e   d e s i r e d   p r e c i p i t a t i o n .   For   e x a m p l e ,  

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



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

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

of  w a t e r   and  30-70%  by  w e i g h t   e t h a n o l .   T h i s   a p p e a r s   t o  

be  o p t i m a l   to   p r e v e n t   enzyme   d e a c t i v a t i o n   and  m a x i m u m  

r e c o v e r y   of  a c t i v i t y .  

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

A m y l a s e s   u s e f u l   h e r e i n   i n c l u d e   " R a p i d a s e "   s o l d   b y  
G i s t - B r o c a d e s   and  " T e r m a m y l "   s o l d   by  Novo  I n d u s t r i e s .  

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

p u r i f y i n g   p r o t e a s e s ,   can   a l s o   p r o v i d e   some  f i n i s h e d  

p r o d u c t   o d o r   a n d / o r   c o l o r   b e n e f i t s .   H o w e v e r ,   a m y l a s e s  

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

much  l o w e r   l e v e l s   t h a n   t h e   p r o t e a s e s ,   so  m a l o d o r s   a r e  

g e n e r a l l y   n o t   as  s e v e r e .  

A  more   c o m p l e t e   d i s c l o s u r e   of  s u i t a b l e   e n z y m e s   c a n  

be  f o u n d   in  U .S .   P a t e n t   4 , 1 0 1 , 4 5 7 ,   P l a c e   e t   a l ,   i s s u e d  

J u l y   18,  1 9 7 8 ,   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 .  

B o r i c   A c i d  

The  c o m p o s i t i o n s   h e r e i n   c o n t a i n   f rom  a b o u t   0.25%  t o  

a b o u t   10%,  p r e f e r a b l y   f rom  a b o u t   0.5%  to  a b o u t   5%,  m o r e  

p r e f e r a b l y   f rom  a b o u t   0.75%  to  a b o u t   3%,  by  w e i g h t   o f  

b o r i c   a c i d   or  a  c o m p o u n d   c a p a b l e   of  f o r m i n g   b o r i c   a c i d   i n  

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

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

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

( e . g . ,   s o d i u m   o r t h o - ,   m e t a -   and  p y r o b o r a t e ,   and  s o d i u m  

p e n t a b o r a t e )   a r e   s u i t a b l e .   S u b s t i t u t e d   b o r i c   a c i d s  

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

p - b r o m o   p h e n y l b o r o n i c   a c i d )   can  a l s o   be  u s e d   in  p l a c e   o f  

b o r i c   a c i d .  

C a l c i u m   I o n  

The  c o m p o s i t i o n   a l s o   c o n t a i n s   f rom  a b o u t   1  to   a b o u t  

30,   p r e f e r a b l y   f rom  a b o u t   2  to  a b o u t   20,  more  p r e f e r a b l y  

f r o m   a b o u t   5  to   a b o u t   15,  and  mos t   p r e f e r a b l y   f rom  a b o u t  

8  t o   a b o u t   12  m i l l i m o l e s   of   c a l c i u m   ion   p e r   l i t e r .   T h e  



l e v e l   of   c a l c i u m   i on   s h o u l d   be  s e l e c t e d   so  t h a t   t h e r e   i s  

a l w a y s   some  min imum  l e v e l   a v a i l a b l e   f o r   t h e   e n z y m e ,   a f t e r  

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

e t c . ,   in   t h e   c o m p o s i t i o n .   Any  w a t e r - s o l u b l e   c a l c i u m   s a l t  

can  be  u s e d   as  t h e   s o u r c e   of  c a l c i u m   i o n ,   i n c l u d i n g  

c a l c i u m   c h l o r i d e ,   c a l c i u m   f o r m a t e ,   and  c a l c i u m   a c e t a t e .  

A  s m a l l   a m o u n t   of   c a l c i u m   i o n ,   g e n e r a l l y   f rom  a b o u t   0 . 0 5  

to   a b o u t   0 .4   m i l l i m o l e s   p e r   l i t e r ,   i s   o f t e n   a l s o   p r e s e n t  
in  t h e   c o m p o s i t i o n   due  to   c a l c i u m   in  t h e   e n z y m e   s l u r r y  

and  f o r m u l a   w a t e r .  

W a t e r  

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

20%  to  a b o u t   80%,  p r e f e r a b l y   f rom  a b o u t   30%  to  a b o u t   60%, 

more  p r e f e r a b l y   f rom  a b o u t   35%  to  a b o u t   50%,  by  w e i g h t   o f  

w a t e r .  

O p t i o n a l   C o m p o n e n t s  

The  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   can  a l s o  

c o n t a i n   o t h e r   m a t e r i a l s   known  in  t h e   a r t   to   e n h a n c e  

enzyme   s t a b i l i t y .   P a r t i c u l a r l y   p r e f e r r e d   a r e   p o l y o l s  

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

p r e f e r a b l y   c o n t a i n   f rom  2  to   6  c a r b o n   a t o m s   and  f rom  2  t o  

6  h y d r o x y   g r o u p s .   E x a m p l e s   i n c l u d e   p r o p y l e n e   g l y c o l  

( e s p e c i a l l y   1 ,2  p r o p a n e   d i o l ,   w h i c h   i s   p r e f e r r e d ) ,  

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

g l u c o s e .   The  p o l y o l   g e n e r a l l y   r e p r e s e n t s   f rom  a b o u t   1% 

to  a b o u t   15%,  p r e f e r a b l y   f rom  a b o u t   1.5%  to  a b o u t   10%, 

mos t   p r e f e r a b l y   f rom  a b o u t   2%  to  a b o u t   7%,  by  w e i g h t   o f  

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

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

a b o u t   1 . 3 .  

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

s h o r t   c h a i n   c a r b o x y l a t e s   d e s c r i b e d   in  U .S .   P a t e n t  

4 , 3 1 8 , 8 1 8 ,   L e t t o n   e t   a l ,   i s s u e d   March   9,  1982 ,   i n c o r -  

p o r a t e d   h e r e i n   by  r e f e r e n c e .   The  f o r m a t e s   a r e   p r e f e r r e d  

and  can  be  u s e d   a t   l e v e l s   of  f rom  a b o u t   0.05%  to  a b o u t  



5%,  p r e f e r a b l y   f rom  a b o u t   0.2%  to  a b o u t   2%,  m o s t   p r e f e r -  

a b l y   f rom  a b o u t   0.4%  to  a b o u t   1 .5%,   by  w e i g h t   of  t h e  

c o m p o s i t i o n .   F o r m a t e s   have   been   f o u n d   to  f u r t h e r   e n h a n c e  

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

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

a l o n e .  

The  c o m p o s i t i o n s   h e r e i n   have   an  i n i t i a l   pH  of   f r o m  

a b o u t   6 .5   to   a b o u t   10,  p r e f e r a b l y   f rom  a b o u t   7  to   a b o u t  

9,  m o s t   p r e f e r a b l y   f rom  a b o u t   7 .5   to   a b o u t   8 . 8 ,   a t   a  

c o n c e n t r a t i o n   o f   10%  by  w e i g h t   in  w a t e r   a t   68°F  ( 2 0 ° C ) .  

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

t r i e t h a n o l a m i n e .   M o n o e t h a n o l a m i n e   and  t r i e t h a n o l a m i n e  

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

i n c l u d e d   a t   l e v e l s   of  f rom  a b o u t   0.5%  to   a b o u t   10%, 

p r e f e r a b l y   f rom  a b o u t   1%  to  a b o u t   4%,  by  w e i g h t   of  t h e  

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

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

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

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

b r i g h t e n e r s   known  in  t h e   a r t .   Such  o p t i o n a l   c o m p o n e n t s  

g e n e r a l l y   r e p r e s e n t   l e s s   t h a n   a b o u t   15%,  p r e f e r a b l y   f r o m  

a b o u t   1%  to  a b o u t   10%,  by  w e i g h t   of  t h e   c o m p o s i t i o n .  

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

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

EXAMPLE  I  

The  f o l l o w i n g   c o m p o s i t i o n s   were   p r e p a r e d .  





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

p r o t e a s e   h a l f - l i f e   a t   100°F  ( 3 7 . 8 ° C ) ,   was  as  f o l l o w s .  

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

p r o t e a s e   and  a m y l a s e   h a l f - l i v e s   a t   90°F  ( 3 2 . 2 ° C ) ,   was  a s  

f o l l o w s .  

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

p r o t e a s e   and  a m y l a s e   h a l f - l i v e s   a t   100°F  ( 3 7 . 8 ° C ) ,   was  a s  

f o l l o w s .  

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

p r o t e a s e   and  a m y l a s e   h a l f - l i v e s   a t   100°F  ( 3 7 . 8 ° C ) ,   was  a s  

f o l l o w s .  

Enzyme  s t a b i l i t y   in  C o m p o s i t i o n s   D  and  E,  as  m e a s -  

u r e d   by  p r o t e a s e   and  a m y l a s e   h a l f - l i v e s   a t   1 0 0 ° F  



( 3 7 . 8 ° C ) ,   was  as  f o l l o w s .   (NC  means   no  s i g n i f i c a n t  

c h a n g e   in   s t a b i l i t y   a f t e r   s i x   w e e k s . )  

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

much  b e t t e r   enzyme   s t a b i l i z e r   t h a n   s o d i u m   f o r m a t e   i n  

C o m p o s i t i o n s   A-E  of  t h e   i n v e n t i o n .   In  a d d i t i o n ,   t h e  

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

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

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

The  use   of  b o r i c   a c i d   to  s t a b i l i z e   e n z y m e s   i n  

C o m p o s i t i o n s   A-E  in  p l a c e   o f   s o d i u m   f o r m a t e   a l s o   a l l o w s  

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

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

p r e c i p i t a t i o n   when  s t o r e d   a t   low  t e m p e r a t u r e s   or  u n d e r  

f r e e z e - t h a w   c o n d i t i o n s .  

EXAMPLE  I I  

The  f o l l o w i n g   c o m p o s i t i o n s   w e r e   p r e p a r e d .  



Enzyme  s t a b i l i t y   in  C o m p o s i t i o n s   A  and  B,  as  m e a s -  

u r e d   by  h a l f - l i v e s   a t   100°F   ( 3 7 . 8 ° C ) ,   was  as  f o l l o w s .  

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

b e t t e r   enzyme   s t a b i l i z e r   in   C o m p o s i t i o n s   A  and  B  ( n o t  



c o m p o s i t i o n s   w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i o n )   t h a n   i s  

b o r i c   a c i d .   F u r t h e r m o r e ,   t h e   a d d i t i o n   of   1%  b o r i c   a c i d  

to   C o m p o s i t i o n s   A1,  A2  and  A3  (as  in  A4,  A5,  and  A6) 

r e d u c e s   p r o t e a s e   s t a b i l i t y   to   l e s s   t h a n   or  e q u a l   to   t h a t  

o b t a i n e d   w i t h o u t   f o r m a t e   in  c o n t r o l   C o m p o s i t i o n   A 1 .  



1.  A  h e a v y - d u t y   l i q u i d   d e t e r g e n t   c o m p o s i t i o n   c o m p r i s -  

i n g ,   by  w e i g h t :  

(a)  f rom  a b o u t   10%  to  a b o u t   50%  of  an  a n i o n i c  

s y n t h e t i c   s u r f a c t a n t ;  

(b)  f rom  a b o u t   3%  to  a b o u t   30%  of   a  C10-C22   f a t t y  

a c i d ;  

(c)  f rom  a b o u t   2%  to  a b o u t   15%  of   a  w a t e r - s o l u b l e  

d e t e r g e n c y   b u i l d e r ;  

(d)  f rom  a b o u t   0.01%  to  a b o u t   5%  of   a  p r o t e o l y t i c  

or   a m y l o l y t i c   e n z y m e ;  

(e)  f rom  a b o u t   0.25%  to  a b o u t   10%  of  b o r i c   a c i d   o r  

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

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

(f)  f rom  a b o u t   1  to  a b o u t   30  m i l l i m o l e s   of  c a l c i u m  

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

(g)  f rom  a b o u t   20%  to  a b o u t   80%  of   w a t e r .  

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

a b o u t   15%  to   a b o u t   25%  of  t h e   a n i o n i c   s y n t h e t i c   s u r f a c -  

t a n t .  

3.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   2  c o m p r i s i n g   f r o m  

a b o u t   1%  to  a b o u t   5%  of  an  u n e t h o x y l a t e d   C10-C18   a l k y l  

s u l f a t e .  

4.  A  c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   2  c o m p r i s i n g   f r o m  

a b o u t   8%  to  a b o u t   15%  of   a  s a t u r a t e d   f a t t y   a c i d   c o n t a i n -  

i n g   f rom  a b o u t   10  to   a b o u t   14  c a r b o n   a t o m s .  

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

a b o u t   3%  to  a b o u t   10%  of   b u i l d e r ,   w h i c h   i s   a  p o l y c a r b o x y -  

l a t e .  

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

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



7.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   6  c o m p r i s i n g   f r o m  

a b o u t   0.1%  to  a b o u t   1%  of  a  w a t e r - s o l u b l e   s a l t   of  e t h y l -  

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

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

t e t r a a c e t i c   a c i d ,   or   d i e t h y l e n e t r i a m i n e   p e n t a a c e t i c   a c i d .  

8.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   7  c o m p r i s i n g   f r o m  

a b o u t   0.75%  to  a b o u t   3%  of   b o r i c   a c i d .  

9.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   8  c o m p r i s i n g   f r o m  

a b o u t   5  to   a b o u t   15  m i l l i m o l e s   of   c a l c i u m   i o n   p e r   l i t e r  

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

10.  A  c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   9  c o m p r i s i n g   f r o m  

a b o u t   15%  to  a b o u t   25%  a n i o n i c   s u r f a c t a n t ,   w h i c h   i s   a  

m i x t u r e   c o m p r i s i n g   C10-C18   a l k y l   s u l f a t e ,   C10-C18   a l k y l  

e t h o x y   s u l f a t e   c o n t a i n i n g   an  a v e r a g e   of  up  to   a b o u t   4 

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

C11-C13  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 ,   w i t h   a b o u t   1%  t o  

a b o u t   5%  b e i n g   an  u n e t h o x y l a t e d   C10-C18  a l k y l   s u l f a t e .  

11.  A  c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   10  c o m p r i s i n g   f r o m  

a b o u t   8%  to  a b o u t   15%  of  a  s a t u r a t e d   f a t t y   a c i d  

c o n t a i n i n g   f rom  a b o u t   10  to   a b o u t   14  c a r b o n   a t o m s .  

12.  A  c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   1  f u r t h e r   c o m p r i s -  

ing   f rom  a b o u t   1%  to  a b o u t   15%  of  a  p o l y o l   c o n t a i n i n g  

f rom  2  to   6  c a r b o n   a toms   and  f rom  2  to   6  h y d r o x y   g r o u p s .  

13.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   11  f u r t h e r  

c o m p r i s i n g   f rom  a b o u t   2%  to  a b o u t   7%  of  1 ,2  p r o p a n e   d i o l .  



14.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1  c o n t a i n i n g   a 

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

0.05%  to  a b o u t   5%,  p r e f e r a b l y   from  a b o u t   0.4%  to  a b o u t  

1.5%  of  a  w a t e r   s o l u b l e   f o r m a t e .  
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