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©  Composition  for  cleaning  drains. 
57  The  present  invention  provides  a  formulation  for  clean- 
ing  drains  clogged  with  organic  material  deposits  which 
comprises  a  plurality  of  water  soluble  beads,  wherein  each 
bead  comprises  a  mixture  of  at  least  one  active  drain 
cleaning  ingredient  dispersed  in  a  water  soluble  polymer 
such  that  the  active  ingredient  is  substantially  chemically 
isolated  from  any  other  active  ingredient  present  in  the  same 
bead  and  the  active  ingredient  or  ingredients  in  the  other 
beads  prior  to  dissolution  of  the  polymer.  In  one  embodi- 
ment,  the  product  additionally  comprises  a  liquid  component 
which  comprises  one  or  more  active  drain  cleaning  ingre- 
dients,  wherein  the  active  ingredient(s)  in  the  beads  and  the 
active  ingredient(s)  in  the  liquid  are  kept  substantially 
chemically  isolated  from  one  another  until  the  two  compo- 
nents  are  added  to  the  drain. 



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

S p e c i f i c a l l y ,   t h e   i n v e n t i o n   r e l a t e s   to  such   c o m p o s i t i o n s  

w h e r e i n   one  o r   more  c o m p o n e n t s   a r e   m i x e d   w i t h   a  w a t e r  

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

BACKGROUND  OF  THE  INVENTION 

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

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

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

p r e v e n t i n g   o r   i m p e d i n g   w a t e r   f rom  d r a i n i n g   p r o p e r l y .  

B a t h r o o m   s i n k s ,   t u b s   and  s h o w e r   d r a i n s   may  s i m i l a r l y  

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

in  s u c h   a r e a s   as  t he   d r a i n   s i n k   t r a p .   A  wide   v a r i e t y   o f  

p r e p a r a t i o n s   a r e   a v a i l a b l e   f o r   d i s s o l v i n g   and  r e m o v i n g  

such   d e p o s i t s .   Most   c o n v e n t i o n a l   d r a i n   c l e a n i n g   p r o d u c t s  

c o n t a i n   c a u s t i c s ,   s u c h   as  s t r o n g   s o d i u m   h y d r o x i d e .   T h e  

a l k a l i   s a p o n i f i e s   w h a t e v e r   f a t t y   m a t e r i a l   i s   p r e s e n t   i n  

t he   d e p o s i t   s u c h   t h a t   i t   i s   c o n v e r t e d   i n t o   a  w a t e r  

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

I f   t he   c l o g   i s   due  to   h a i r ,   t he   c a u s t i c   a c t s   as  a  

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

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

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

m a t e r i a l s   and  i n j u r e   p e o p l e   on  c o n t a c t .  



A n o t h e r   d i s a d v a n t a g e   of  c o n v e n t i o n a l   d r a i n   c l e a n e r s  

is  t h a t   t h e y   a r e   n o t   s i t e   s p e c i f i c .   T h a t   i s ,   i f   t h e  

d r a i n   c l e a n e r   has   to  p a s s   t h r o u g h   a  c o l u m n   of  b a c k e d - u p  

w a t e r   to  r e a c h   t h e   c l o g ,   as  is  o f t e n   the   c a s e ,   a  p o r t i o n  

of  t he   a c t i v e   i n g r e d i e n t   can  d i s s o l v e   in  t he   w a t e r   a w a y  
f rom  t he   c l o g .   T h i s   p o r t i o n   is   w a s t e d ,   and  t h e  

c o n c e n t r a t i o n   of  a c t i v e   i n g r e d i e n t   a t   t he   c l o g   s i t e   i s  

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

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

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

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

d r a i n   can  be  r e a c h e d   by  m e c h a n i c a l   means   w i t h o u t   h a v i n g  

to  d i s m a n t l e   p a r t   of  t he   d r a i n   l i n e .  

The  h a z a r d s   and  d i s a d v a n t a g e s   of  t h e s e   c o n v e n t i o n a l  

m e t h o d s  h a v e   l e d   to   s e a r c h e s   f o r   a l t e r n a t e   and  b e t t e r  

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

c o n t a i n i n g   h a i r   a n d / o r   v e g e t a b l e   m a t t e r .   One  a l t e r n a t i v e  

r o u t e   has   i n v o l v e d   t h e   use   of  e n z y m e - c o n t a i n i n g  

c o m p o s i t i o n s .   E n z y m e s   can  c o n v e r t   common  d r a i n   c l o g g i n g  

m a t e r i a l s   to   w a t e r   s o l u b l e   m a t e r i a l s   w h i c h   can  be  r e m o v e d  

e a s i l y .   A  p o t e n t i a l   d r a w b a c k   to   t h e i r   use   is   t h a t   t h e y  

may  h a v e   a  s h o r t   s h e l f   l i f e   w h i c h ,   in  many  c a s e s ,   i s  

a t t r i b u t a b l e   to  i n t e r a c t i o n   b e t w e e n   t h e   v a r i o u s  

c o m p o n e n t s   of  t h e   enzyme   s y s t e m .   T h i s . i n t e r a c t i o n   i s  

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

be  e n c o u n t e r e d   d u r i n g   s h i p m e n t   of  t he   enzyme  p r e p a r a t i o n .  

F u r t h e r ,   f o r   e n z y m e s   to  be  m o s t   e f f e c t i v e   in  t h e  

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

m u s t   be  p r e c e d e d   by  a  b r e a k i n g   down  of   t he   p r o t e i n  

m a t e r i a l   to   e x p o s e   i t   to  e n z y m a t i c   a c t i o n .  

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

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

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

e n z y m a t i c   d i s s o l u t i o n   of  p r o t e i n   s u c h   as  h a i r .   F u r t h e r ,  

t h e r e   is  a  need   f o r   such   a  d r a i n   c l e a n e r   p r o d u c t   h a v i n g   a  



l o n g   s h e l f   l i f e   e v e n   i f   e x p o s e d   to  h i g h  

t e m p e r a t u r e s .  

SUMMARY  OF  THE  INVENTION 

According  to  one  a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,   we  p r o v i d e  

a  f o r m u l a t i o n   for   c l e a n i n g   d r a i n s   c logged  wi th   o r g a n i c   m a t e r i a l  

d e p o s i t s   which  c cmpr i s e s   a  p l u r a l i t y   of  water   s o l u b l e   b e a d s ,  

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

a c t i v e   d r a i n   c l e a n i n g   i n g r e d i e n t   d i s p e r s e d   in  a  w a t e r  

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

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

i n g r e d i e n t   p r e s e n t   in  t h e   same  b e a d   and  t h e   a c t i v e  

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

d i s s o l u t i o n   of  t h e   p o l y m e r .   In  one   e m b o d i m e n t ,   t h e  

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

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

w h e r e i n   t h e   a c t i v e   i n g r e d i e n t ( s )   in  t h e   b e a d s   and  t h e  

a c t i v e   i n g r e d i e n t ( s )   in  t h e   l i q u i d   a r e   k e p t   s u b s t a n t i a l l y  

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

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

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  d r a i n   c l e a n e r  

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

d e p o s i t s   in  d r a i n   p i p e s   by  means   of  e n z y m a t i c   a c t i o n .  

The  p r o d u c t s   c o m p r i s e   one  or  more  e n z y m e s   a n d ,  

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

e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   e a c h   a c t i v e   i n g r e d i e n t   o f  

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

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

s o l u b l e   b e a d s   or  p e l l e t s .   In  an  a l t e r n a t i v e   e m b o d i m e n t ,  

two  or  more  a c t i v e   i n g r e d i e n t s   a r e   c o n t a i n e d   in  t h e   s a m e  

b e a d s ,   p r o v i d e d   t h a t   t he   i n g r e d i e n t s   e i t h e r   a re   n o t  

i n t e r a c t i v e   or  a r e   h e l d   in  the   bead   in  s u c h   a  way  t h a t  

t h e y   do  no t   i n t e r a c t .   For   e x a m p l e ,   i n g r e d i e n t s   w h i c h  



i n t e r a c t   in  s o l u t i o n   may  be  n o n r e a c t i v e   when  c o n t a i n e d   i n  

a  s o l i d   b e a d ,   or  t he   bead   may  c o m p r i s e   m u l t i p l e   l a y e r s  

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

s e p a r a t e   f rom  one  a n o t h e r .   The  p o l y m e r   r e m a i n s   i n t a c t  

u n t i l   i t   is   e x p o s e d   to   w a t e r ,   w h e r e u p o n   i t   d i s s o l v e s   a n d  

r e l e a s e s   t he   a c t i v e   i n g r e d i e n t   or  i n g r e d i e n t s .  

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

p r o d u c t   c o n t a i n s ,   in  a d d i t i o n   to  one  or  more  t y p e s   o f  

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

l i q u i d   f o r m .   T h i s   l i q u i d   c o m p o n e n t   c o m p r i s e s   one  or  m o r e  

a c t i v e   d r a i n   c l e a n i n g   i n g r e d i e n t s .   In  t h i s   e m b o d i m e n t   o f  

t he   i n v e n t i o n ,   t he   b e a d   c o m p o n e n t   and  the   l i q u i d  

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

one  a n o t h e r   u n t i l   t h e y   a r e   added   to  t he   d r a i n .   T h i s  

e m b o d i m e n t   w i l l   be  d i s c u s s e d   in  g r e a t e r   d e t a i l   b e l o w .  

I t   has   b e e n   f o u n d   t h a t   m i x i n g   a c t i v e   d r a i n   c l e a n i n g  

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

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

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

f o r m u l a t i o n s   may  c o n t a i n   more  t h a n   one  k i n d   of  e n z y m e ,  

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

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

v a r i e t y   of  s u b s t a n c e s   can  be  e f f e c t i v e l y   r e m o v e d .   I n  

some  c a s e s ,   h o w e v e r ,   m i x i n g   the   e n z y m e s   d i r e c t l y   i s  

d e t r i m e n t a l   to   s h e l f   l i f e   b e c a u s e   t he   e n z y m e s   c a n  

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

a d d i t i o n a l   i n g r e d i e n t s   can  s i m i l a r l y   so  i n t e r a c t   w i t h   o n e  

a n o t h e r   or   w i t h   t h e   e n z y m e s .   By  p u t t i n g   i n d i v i d u a l  

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

or   by  c o m b i n i n g   two  or  more  i n g r e d i e n t s   t o g e t h e r   i n t o  

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

i n t e r a c t ,   any  n u m b e r   of  e n z y m e s   and  o t h e r   i n g r e d i e n t s   c a n  

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

w i t h   one  a n o t h e r   or  d e g r a d i n g   o v e r   t i m e .   The  s h e l f   l i f e  

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



A n o t h e r   a d v a n t a g e   of  f o r m i n g   a c t i v e   i n g r e d i e n t s   i n t o  

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

The  b e a d s   f a l l   t h r o u g h  a n y   s t a n d i n g   w a t e r   in  t he   d r a i n  

and  s i n k   to  t h e   c l o g ;   m o s t ,   i f   no t   a l l ,   of  t h e  

c o m p o s i t i o n   r e a c h e s   t he   d e p o s i t   in  the   d r a i n   p r i o r   t o  

d i s s o l u t i o n   of  t he   p o l y m e r .   F u r t h e r ,   s i n c e   t h e  

d i s s o l u t i o n   t i m e   of  t he   p o l y m e r   is   d e p e n d e n t   upon  t h e  

s i z e   of  the   bead   and  the   r a t i o   of  p o l y m e r   to   a c t i v e  

i n g r e d i e n t   in  t he   b e a d ,   a  s e q u e n c i n g ,   or  o r d e r i n g ,   o f  

r e a c t i o n s   can  be  s e t   up.   For   e x a m p l e ,   i f   t he   e n z y m e s   i n  

t he   c o m p o s i t i o n   a r e   a c t i v e   w i t h i n   a  p a r t i c u l a r   pH  r a n g e ,  

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

d i s s o l v e   more   q u i c k l y   t h a n   t h e   b e a d s   c o n t a i n i n g   t h e  

e n z y m e .   When  t he   p o l y m e r   in  t he   enzyme  b e a d s  

s u b s e q u e n t l y   d i s s o l v e s ,   t h e   enzyme   w i l l   be  r e l e a s e d   i n t o  

an  e n v i r o n m e n t   h a v i n g   a  pH  a t   w h i c h   the   enzyme   is  m o s t  

a c t i v e .  

In  g e n e r a l ,   t h e r e   a r e   two  t y p e s   of  o r g a n i c   d e p o s i t s  

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

o t h e r   v e g e t a b l e   m a t t e r ,   and  h a i r .   I t   has   b e e n   f o u n d   t h a t  

p r o d u c t s   can   be  made  in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n  

w h i c h   a r e   e f f e c t i v e   in  r e m o v i n g   b o t h   t y p e s   of  d e p o s i t s  

f rom  d r a i n s .  

Commonly   a s s i g n e d   U . S .   P a t e n t   A p p l i c a t i o n   S e r i a l  

Number   6 5 0 , 5 1 0 ,   f i l e d   S e p t e m e r   14,  1 9 8 4 ,   d i s c l o s e s   e n z y m e  

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

and  o t h e r   v e g e t a b l e   m a t e r i a l .   The  e n z y m e s   r e m o v e   t h e s e  

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

a s s o c i a t e d   w i t h   t he   c e l l   w a l l s   of  t he   m a t e r i a l .   O n c e  

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

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

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

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

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



c o m p l e t e   l i s t i n g   of  t h e s e   p o l y m e r s ,   and  the   e n z y m e s   w h i c h  

d e g r a d e   t h e m ,   is   p r o v i d e d   in  T a b l e   1 .  

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

and /o r   non- food   p l a n t   m a t e r i a l - c o n t a i n i n g   d e p o s i t s   c o m p r i s e  

a  m i x t u r e   of  a t   l e a s t   one  p e c t i n a s e   and  at   l e a s t   o n e  

c e l l u l a s e .   The  p e c t i n a s e s   can  be  e i t h e r   e s t e r a s e s   o r  

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

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



m i c r o o g r a n i s m s   of  the  genus  A s p e r i g i l l u s ,   such  as  n ige r   or  j a p o n i c u s ,  
or  the  genus  T r i chode rma ,   such  as  r e e s e i   or  v i r i d e , o r   the  g e n u s  
A u r e o b a s i d i u n   e .g .   A u r e o b a s i d i u n   p u l l u l a n s .   P r e f e r r e d   c e l l u l a s e s  

are  d e r i v e d   from  m i c r o o r g a n i s m s   of  the  genus  T h i e l a v i a   e .g.   T h i e l a v i a  

t e r r e s t r i s ,   the  genus  T r i c h o d e m a   e .g .   Tr ichoderma  r e e s e i   and  t h e  

genus  S p o r o t r i c h u m   e .g .   Sporo t r i chum  c e l l u l o p h i l u m .   I t  
is  d e s i r a b l e   to  m a i n t a i n   t h e s e   e n z y m e s   at   a  pH  in  t h e  

r a n g e   of  a b o u t   3 .5   to   a b o u t   5 . 5   to  e n h a n c e   t h e i r   a b i l i t y  

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

Commonly   a s s i g n e d   U . S .   P a t e n t   A p p l i c a t i o n   S e r i a l  

Number   4 8 5 , 4 7 3 ,   f i l e d   A p r i l   15,  1983 ,   d i s c l o s e s   e n z y m e  

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

and  h a i r - c o n t a i n i n g   d e p o s i t s .   In  a c c o r d a n c e   w i t h   t h e  

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

can   be  d i s s o l v e d   by  the   a c t i o n   of  a  m i x t u r e   of  a  h a i r  

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

d i s u l f i d e   r e d u c i n g   a g e n t   w h i c h   a re   m a i n t a i n e d   at   a  pH 

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

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

c y s t e i n e   c r o s s - l i n k s   h a i r   p r o t e i n s   i n t o   a  c r y s t a l l i n e  

s t r u c t u r e .   T h i s   c r o s s - l i n k e d   c r y s t a l l i n e   fo rm  is   h i g h l y  

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

d i s u l f i d e   b o n d s   a re   b r o k e n   the   p r o t e o l y t i c   enzyme   can  a c t  

to   b r e a k   t h e   c o v a l e n t   b a c k b o n e   of  t he   p r o t e i n   ( i . e . ,   t o  

h y d r o l y z e   t he   p e p t i d e   b o n d s   of  t he   p r o t e i n ) .  

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

t h o s e   w h i c h   a r e   a c t i v e   u n d e r   n e u t r a l   to   a l k a l i n e  

c o n d i t i o n s .   P r e f e r r e d   e n z y m e s   a re   d e r i v e d   f r o m  

m i c r o o r g a n i s m s   of  t he   g e n u s   B a c i l l u s ,   s u c h   as  B.  s u b t i l i s  

or  B.  a m y l o l i q u e f a c i e n s .   In  a d d i t i o n ,   an  enzyme  such  as  the  p l a n t  
p r o t e a s e   papa in   or  an  a l k a l i n e   p r o t e a s e   d e r i v e d   from  a  m i c r o o r g a n i s m  
of  the  genus  S t r e p t o m y c e s ,   e .g .   S t rep tomyces   g r i s e u s ,  m a y   be  u s e d .  

A  s i n g l e   p r o t e a s e   or  m i x t u r e   of  s e v e r a l   d i f f e r e n t   p r o t e a s e s   can  be  u s e d .  
D i s u l f i d e   r e d u c i n g   a g e n t s   i n c l u d e   any  w h i c h   f u n c t i o n   a t  
an  a l k a l i n e   pH  to  s o f t e n   h a i r   s t r u c t u r e .   P r e f e r r e d  
d i s u l f i d e   r e d u c i n g   a g e n t s   i n c l u d e   t h i o g l y c o l a t e s ,   a s ,   f o r  



e x a m p l e ,   t he   c a l c i u m ,   ammonium,   p o t a s s i u m   and  s o d i u m  

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

r e a g e n t s ,   such   a s / 3 - m e r c a p t o e t h a n o l ,   may  be  u s e d .  

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

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

may  c o n t a i n   o t h e r   i n g r e d i e n t s   w h i c h   a c t   to  e n h a n c e   t h e  

e n z y m e ' s   d r a i n   c l e a n i n g   a b i l i t y .   For   e x a m p l e ,   as  n o t e d  

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

w i t h i n   a  p a r t i c u l a r   pH  r a n g e .   One  i n g r e d i e n t   of  t h e  

d r a i n   c l e a n i n g   b e a d s   of  t h i s   i n v e n t i o n   may  be  a  b u f f e r   t o  

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

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

i n c l u d e   d e t e r g e n t s ,   s t a b i l i z e r s ,   t h i c k e n i n g   a g e n t s   a n d  

c o f a c t o r s   f o r   t he   e n z y m e s .   The  d e t e r g e n t s   may  be  a n i o n i c  

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

o c t y l   p h e n o x y p o l y e t h o x y e t h a n o l   and  p o l y o x y e t h y l e n e  

s o r b i t a n   m o n o - o l e a t e .   A  p r e f e r r e d   d e t e r g e n t   is   s o d i u m  

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

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

of  x a n t h a n   gum.  A  p r e f e r r e d   s t a b i l i z e r   i s  

N , N , N ' , N ' - t e t r a k i s   ( 2 - h y d r o x y p r o p y l ) e t h y l e n e   d i a m i n e .  

P ropy l ene   g lyoo l   may  a l so   be  employed  as  a  s t a b i l i z e r .  

C o f a c t o r s   may  be  i n c l u d e d   to  e n h a n c e   enzyme  a c t i v i t y   o r  

t h e i r   s t a b i l i t y   once   t h e y   have   been   r e l e a s e d   f rom  t h e  

p o l y m e r   bead   at   t he   s i t e   of  the   c l o g .   For   e x a m p l e ,   i f  

one  of  t h e   e n z y m e s   in  t he   c o m p o s i t i o n   is   a  l i p a s e ,   a  

l i p i d   s o l u b i l i z i n g   m a t e r i a l   can  be  i n c l u d e d   as  a  

c o m p o n e n t   to  e n a b l e   t he   l i p a s e   to  a c t   more  e f f e c t i v e l y   o n  

t he   f a t s   p r e s e n t   in  the   d r a i n   c l o g g i n g   d e p o s i t .   T h e s e  

v a r i o u s   o p t i m a l   i n g r e d i e n t s   can  be  a d d e d   in  a m o u n t s  

s u f f i c i e n t   to  e n h a n c e   e n z y m a t i c   a c t i v i t y .  

The  d r a i n   c l e a n e r   bead   f o r m u l a t i o n s   of  t h i s   i n v e n -  

t i o n   can  be  s p e c i f i c   f o r   h a i r - c o n t a i n i n g   d e p o s i t s ,   f o r  

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

m i x t u r e   of  h a i r - d i s s o l v i n g   and  v e g e t a b l e   m a t e r i a l -  

d e g r a d i n g   e n z y m e s .   For  t he   l a t t e r ,   t he   s e q u e n c e   of  b e a d  



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

d i s s o l v e   a d j u s t   t he   pH  to  a  l e v e l   c o n d u c i v e   to  a c t i v i t y  

by  e i t h e r   t h e   h a i r - d i s s o l v i n g   or   v e g e t a b l e   d i s s o l v i n g  

e n z y m e s .   The  s e l e c t e d   enzyme   bead   t h e n   d i s s o l v e s   a n d  

a c t s   on  t h e   c l o g .   B e a d s   t h e n   d i s s o l v e   w h i c h   r a i s e   o r  
l o w e r   t he   pH,  as  r e q u i r e d ,   f o r   p r o p e r   a c t i o n   by  t h e  

r e m a i n i n g   e n z y m e ,   w h i c h   d i s s o l v e s   l a s t .   In  t h i s   way,   t h e  

pH  l e v e l   a t   t he   c l o g   is   o p t i m i z e d   at   d i f f e r e n t   t i m e  

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

A l t e r n a t i v e l y ,   t he   d i f f e r e n t   e n z y m e s   and  b u f f e r s   can  b e  

c o n t a i n e d   in  d i f f e r e n t   l a y e r s   of  t he   same  b e a d s .   T h e  

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

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

enzyme   to  a c t   on  t he   d e p o s i t   and  so  o n .  

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

( P E G ) ,  f o r   e x a m p l e ,   h a v i n g   a  m o l e c u l a r   w e i g h t   o f  

f rom  a b o u t   6 , 0 0 0   to   a b o u t   2 0 , 0 0 0 .   H i g h e r   m o l e c u l a r  

w e i g h t   PEG  is   p r o d u c e d   by  l i n k i n g  2   or   3  s m a l l e r   p o l y m e r  

c h a i n s   w i t h   e p o x y   l i n k e r s .   G e n e r a l l y ,   t he   a m o u n t   o f  

p o l y m e r   in  e a c h   bead   is   f rom  a b o u t   40  to  a b o u t   99%  b y  

v o l u m e ,   w i t h   a b o u t   60  to   a b o u t   80%  p r e f e r r e d .   T h e  

r e m a i n i n g   p o r t i o n   c o m p r i s e s   t he   a c t i v e   i n g r e d i e n t ( s )   a n d  

w a t e r .   The  a c t u a l   c o n c e n t r a t i o n   of  p o l y m e r   in  t h e  

v a r i o u s   b e a d s   w i l l   d e p e n d   on  the   n a t u r e   of  t he   c o m p o n e n t ,  

t h a t   i s ,   w h e t h e r   t h e   i n g r e d i e n t   is   an  e n z y m e ,   d e t e r g e n t ,  

r e d u c i n g   a g e n t ,   e t c . ,   and  on  t h e   need   or  d e s i r a b i l i t y   f o r  

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

w i l l   r e a c t   in  t he   d r a i n   in  an  o r d e r e d   or  s e q u e n t i a l  

m a n n e r .   The  w e i g h t   to   w e i g h t   r a t i o   of  t h e   v a r i o u s   a c t i v e  

i n g r e d i e n t s   in  t he   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   to   t h e  

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

a n o t h e r   can   v a r y ,   d e p e n d i n g   upon  a  v a r i e t y   of  f a c t o r s ,  

i n c l u d i n g   t h e   s t r e n g t h   of  t h e   e n z y m e ( s )   and  t h e   p r e s e n c e  

of  v a r i o u s   o p t i o n a l   i n g r e d i e n t s .   For  e x a m p l e ,   in  a  b e a d  

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



a c t i v e   i n g r e d i e n t   is   c o n t a i n e d   in  each   b e a d ,   a b o u t   5  t o  

a b o u t   50%  of  the   b e a d s   can   c o m p r i s e   a  m i x t u r e   of  a n  

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

w e i g h t   to  w e i g h t   r a t i o   of  enzyme  to  PEG  r a n g i n g   f r o m  

a b o u t   1:1  to   a b o u t   1 : 1 0 0 0 ,   and  a b o u t   10  to   a b o u t   95%  o f  

the  beads  c a n  c c n p r i s e   a  m i x t u r e   of  a  d i s u l f i d e   r e d u c i n g  

a g e n t   d i s p e r s e d   in  PEG,  t h e   w e i g h t   to  w e i g h t   r a t i o   o f  

r e d u c i n g   a g e n t   to   PEG  r a n g i n g   f rom  a b o u t   1:1  to  a b o u t  

1 : 1 0 0 0 .   O p t i o n a l l y ,   a b o u t   0 .1   to  a b o u t   20%  of  the  b e a d s  

can  c o m p r i s e   a  m i x t u r e   of  an  a d d i t i o n a l   i n g r e d i e n t ,   s u c h  

as  s o d i u m   d o d e c y l s u l f a t e ,   d i s p e r s e d   in  PEG,  the   w e i g h t   t o  

w e i g h t   r a t i o   of  SDS  to  PEG  r a n g i n g   f rom  a b o u t   1:1  t o  

a b o u t   1 : 1 0 0 0 .   In  c o m p o s i t i o n s   f o r   d e g r a d i n g   v e g e t a b l e  

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

p e c t i n a s e ( s )   to   p o l y m e r   can   r a n g e   f rom  a b o u t   1:1  to  a b o u t  

1 : 5 0 0 .  

Both   d i s s o l u t i o n   t i m e   and  m e l t   t e m p e r a t u r e   a r e  

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

c o a t i n g .   G e n e r a l l y ,   t h e   m o i s t u r e   c o n t e n t   is  l e s s   t h a n  

a b o u t   10%  of  t he   p o l y m e r   by  v o l u m e   and  p r e f e r a b l y   f r o m  

a b o u t   0 . 0 1   to   a b o u t   2%.  Bead  d i a m e t e r   can  v a r y   f rom  l e s s  

t h a n   1 /2   m i l l i m e t e r   to  g r e a t e r   t h a n   7  m i l l i m e t e r s .  

P r e f e r a b l y ,   bead   d i a m e t e r   i s   b e t w e e n   a b o u t   0 . 5  

m i l l i m e t e r s   and  a b o u t   5  m i l l i m e t e r s .  

The  e n z y m e s   and  o t h e r   i n g r e d i e n t s   to  be  mixed   w i t h  

t h e   p o l y m e r   may  be  in  e i t h e r   l i q u i d   or  s o l i d   f o r m .   T h e  

e n z y m e   s o u r c e ,   f o r   i n s t a n c e ,   may  be  e i t h e r   a  f e r m e n t a t i o n  

b r o t h   or  a  d r i e d   enzyme   p o w d e r .   In  e i t h e r   c a s e ,   t h e  

p o l y m e r   is  m e l t e d ,   t h e n   m i x e d   w i t h   t he   l i q u i d   or  s o l i d  

c o m p o n e n t   of  t he   d r a i n   c l e a n i n g   c o m p o s i t i o n .   The  b e a d s ,  

or   p e l l e t s ,   t h e n   can  be  f o r m e d   in  a  v a r i e t y   of  w a y s .   F o r  

e x a m p l e ,   t he   p o l y m e r -   c o m p o n e n t   m i x t u r e   can  be  f o r m e d  

i n t o   d r o p l e t s ,   t h e n   r e s o l i d i f i e d .   A l t e r n a t i v e l y ,   t h e  

l i q u i d   m i x t u r e   can  be  s p r e a d   i n t o   a  t h i n   s h e e t   wh ich   i s  



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

a d d i t i o n ,   t h e   m a t e r i a l   can  be  e x t r u d e d   and  c u t .  

As  n o t e d   p r e v i o u s l y ,   in  a  f u r t h e r   e m b o d i m e n t   of  t h i s  

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

a d d i t i o n   to   i t s   s o l i d   bead   c o m p o n e n t   a  l i q u i d   c o m p o n e n t  
w h i c h   a l s o  c o m p r i s e s   one  or  more   a c t i v e   d r a i n   c l e a n i n g  

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

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

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

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

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

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

i n g r e d i e n t s   w h i c h   do  n o t   have   a  s h o r t   s h e l f   l i f e   and  w i l l  

no t   s u b s t a n t i a l l y   i n t e r a c t   w i t h   o t h e r   i n g r e d i e n t s   in  t h e  

l i q u i d .   T h i s   l i q u i d / s o l i d   f o r m u l a t i o n   may  be  s p e c i f i c  

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

c o n t a i n i n g   d e p o s i t s   or  f o r   d e p o s i t s   c o n t a i n i n g   a  

c o m b i n a t i o n   of  m a t e r i a l .  

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

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

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

d i s u l f i d e   r e d u c i n g   a g e n t   m a i n t a i n e d   a t   a  pH  t h a t   e n h a n c e s  

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

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

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

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

may  be  in  an  a q u e o u s   s o l u t i o n .   The  d i s u l f i d e   r e d u c i n g  

a g e n t   may  be  any  of  t h o s e   s e t   f o r t h   a b o v e .   A  p r e f e r r e d  

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

c a t i o n   is  ammonium  t h i o g l y c o l a t e .   An  a d v a n t a g e   to  u s i n g  

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

t h i o g l y c o l i c   a c i d   is  t h a t   t he   ammonium  t h i o g l y c o l a t e   i s  

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

t h i o g l y c o l a t e   in  the   d r a i n   can  p r o v i d e   a  pH  e n v i r o n m e n t  



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

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

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

be  p r o v i d e d   s i m p l y   by  m i x i n g   ammonium  h y d r o x i d e   w i t h  

t h i o g l y c o l i c   a c i d .   The  c o n c e n t r a t i o n   of  t h e   a m m o n i u m  

t h i o g l y c o l a t e   can  r a n g e   f rom  a b o u t   30-35%  to  a b o u t   1%, 

d e p e n d i n g   upon  the   a m o u n t   u s e d .   S u f f i c i e n t   a m m o n i u m  

t h i o g l y c o l a t e   is   n e e d e d   to  b r e a k   t he   d i s u l f i d e   b o n d s   o f  

t h e   h a i r .   P r e f e r a b l y ,   t h e   r e d u c i n g   a g e n t   is   p r o v i d e d   i n  

f a i r l y   c o n c e n t r a t e d   f o r m ,   so  t h a t   when  a d d e d   to  t h e  

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

p r e s e n t   and  r e a c h   the   d e p o s i t .   The  e n z y m e - c o n t a i n i n g  

b e a d s   a r e   p r o d u c e d   as  d e s c r i b e d   a b o v e ,   and  t h e   w e i g h t   t o  

w e i g h t   r a t i o   of  enzyme  to  r e d u c i n g   a g e n t   t y p i c a l l y  

r e m a i n s   w i t h i n   t he   r a t i o   of   a b o u t   1:1  to   a b o u t   1 : 2 0 0 .  

In  t h i s   e x a m p l e   of   t he   l i q u i d / s o l i d   f o r m u l a t i o n ,   t h e  

e n z y m e - c o n t a i n i n g   bead   c o m p o n e n t   p r e f e r a b l y   a l s o   m a y  

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

d i s c l o s e d   in  c o - p e n d i n g ,   c o m m o n l y   a s s i g n e d   U . S .   p a t e n t  

a p p l i c a t i o n   S .N .   6 8 1 , 6 3 6 ,   f i l e d   D e c e m b e r   14,   1 9 8 4 ,   a n d  

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   a d d i t i o n   of   a n  

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

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

e n z y m e ( s )   of  t he   f o r m u l a t i o n   s u c h   t h a t   t h e i r   r a t e   o f  

a c t i v i t y   i s   e n h a n c e d .   G e n e r a l l y ,   t he   a m o u n t   of   b i s u l f i t e  

a d d e d   i s   w i t h i n   the   r a n g e   of  a b o u t   0 . 0 0 1   to   a b o u t   0 . 1  

w e i g h t   p e r c e n t   of  t h e   t o t a l   f o r m u l a t i o n .   The  w e i g h t   t o  

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

r a n g e s   f rom  a b o u t   1 : 1 0   t o   a b o u t   1 : 1 0 0 0   and  p r e f e r a b l y  

r a n g e s   f rom  a b o u t   1 : 5 0   to  a b o u t   1 : 5 0 0 .   A  p r e f e r r e d  

b i s u l f i t e   compound   is  s o d i u m   b i s u l f i t e .  

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

u s i n g   t h i s   l i q u i d / s o l i d   f o r m u l a t i o n ,   the   e n z y m e -  

c o n t a i n i n g   bead  p r o d u c t   t y p i c a l l y   is  a d d e d   to  the   d r a i n  

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



c o n t a i n i n g   l i q u i d .   By  a d d i n g   the   p r o d u c t s   in  t h i s   o r d e r ,  

t he   e n z y m e - c o n t a i n i n g   b e a d s   can  b e g i n   to  d i s s o l v e   w h i l e  

t he   d i s u l f i d e   r e d u c i n g   a g e n t   s o f t e n s   the   h a i r .   Once  t h e  

d i s u l f i d e   b o n d s   in  t h e   h a i r   have   been  b r o k e n ,   t h e  

p r o t e o l y t i c   enzyme  w i l l   be  a v a i l a b l e   to  b r e a k   t h e  

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

d i s i n t e g r a t e   t he   h a i r .   P r i o r   to  a d d i n g   the   l i q u i d / s o l i d  

f o r m u l a t i o n   to  the   d r a i n ,   the   l i q u i d   and  s o l i d  

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

one  a n o t h e r ,   as  in  s e p a r a t e   c o n t a i n e r s   or  p a c k a g e s ,   t o  

a v o i d   p r e m a t u r e   d i s s o l u t i o n   of  the   enzyme  b e a d s .  

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   how  a  m u l t i -  

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

t h i s   i n v e n t i o n   can  be  made  and  the   e f f e c t i v e n e s s   of  s u c h  

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

E x a m p l e   I  

A  d r a i n   c l e a n e r   b e a d   p r o d u c t   was  p r e p a r e d   h a v i n g  

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

i n g r e d i e n t s :   s o d i u m   d o d e c y l s u l f a t e   ( S D S ) ,   a  h i g h  

a l k a l i n e   p r o t e a s e   ( o b t a i n e d   f rom  Enzyme  D e v e l o p m e n t  

C o r p o r a t i o n ) ,   and  s o d i u m   t h i o g l y c o l a t e   ( N a - T G A ) .   T h e  

p o l y m e r   u s e d   was  p o l y e t h y l e n e   g l y c o l   ( F i s h e r   B r a n d  

P E G 8 0 0 0 ) .   The  b e a d s   w e r e   p r o d u c e d   by  e x t r u d i n g   a  m i x t u r e  

of   t he   a c t i v e   i n g r e d i e n t   and  the   p o l y m e r   t h r o u g h   a  

n e e d l e .   T a b l e   I I   b e l o w   l i s t s   t h e  a c t i v e   i n g r e d i e n t s   a n d  

t h e   c o n d i t i o n s   u n d e r   w h i c h   t he   b e a d s   were   p r o d u c e d .  



The  a p p r o p r i a t e   a m o u n t   of  p o l y m e r   was  w e i g h e d   o u t  

i n t o   a  b e a k e r   and  h e a t e d   at   low  h e a t   ( 5 5 ° C - 6 5 ° C )   on  a  h o t  

p l a t e   ( n o n - s t i r r i n g ) .   A  P h a r m a c i a   K16  c o l u m n   w a s  

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

a d j u s t e d   a c c o r d i n g l y   ( s e e   T a b l e   I I ) .   The  a c t i v e  

c o m p o n e n t   was  t h e n   a d d e d   to   t he   PEG  and  m i x e d   w e l l .   I n  

t h e   c a s e   of  enzyme  b e a d s ,   t he   enzyme   s o l u t i o n   was  a d d e d  

j u s t   p r i o r   to  bead   p r o d u c t i o n ,   the   m i x t u r e   b e i n g   s t i r r e d  

o n l y   one  to   two  m i n u t e s   b e f o r e   b e i n g   p o u r e d   i n t o   t h e  

c o l u m n   to  p r e v e n t   d e a c t i v a t i o n   of  t h e   e n z y m e .   A d d i t i o n a l  

w a t e r   was  a d d e d   as  i n d i c a t e d   on  t he   c h a r t .   In  t h e   c a s e  

of  SDS  b e a d s ,   the   m i x t u r e   was  s t i r r e d   g e n t l y   to  a v o i d  

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

in  t h e   c o l u m n .   S o d i u m   t h i o g l y c o l a t e   (Na-TGA)  was  made  b y  

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

b a s e   was  a d d e d   so  t h a t   t he   pH  of  t h e   f i n a l   f o r m u l a t i o n   a t  

t he   d r a i n   s i t e   c o u l d   be  a d j u s t e d   to  e n h a n c e   t he   a c t i v i t y  

of  t he   e n z y m e .   In  t he   i n i t i a l   s t e p ,   NaOH  p e l l e t s   w e r e  



g r o u n d   and  s l o w l y   added   to   l i q u i d   t h i o g l y c o l i c   a c i d   ( o n  

i c e )   and  m i x e d   u n t i l   a l l   had  been   a d d e d .   T h i s   m i x t u r e  

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

p r e s e r v e   the   s t a b i l i t y   of  t he   compound   u n t i l   u sed   in  b e a d  

p r o d u c t i o n .   To  p r o d u c e   t h e   b e a d s ,   t he   NA-TGA  was  m i x e d  

w i t h   t he   p r o p e r   a m o u n t   of  w a t e r   ( s e e   T a b l e   I I ) .   T h e  

r e s u l t i n g   m i x t u r e   was  t h e n   g r o u n d   and  added   to  the   PEG.  

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

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

p i e c e   s e c u r e d .   Ai r   t h e n   was  pumped  v i a   a  M a s t e r f l e x   pump 
( u s i n g   pump  head   s i z e   7014  and  c o m p a t i b l e   t u b i n g )   t h r o u g h  

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

i n t e r n a l   a i r   p r e s s u r e .   The  p r e - p o l y m e r   s o l u t i o n   was  t h u s  

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

s t a i n l e s s   s t e e l   v a l v e ,   and  t h e n   t h r o u g h   and  o u t   of  a  
n e e d l e   of  a p p r o p r i a t e   g a u g e ,   as  i n d i c a t e d   in  T a b l e   I I .  

The  c o l u m n   b o t t o m   p i e c e   t u b i n g   c o n n e c t o r ,   v a l v e   a n d  

n e e d l e   w e r e   w r a p p e d   w i t h   h e a t   t a p e   and  r e g u l a t e d   to  t h e  

same  t e m p e r a t u r e   as  t he   c o l u m n .   The  a i r   f l o w   r a t e   w a s  

a d j u s t e d   a c c o r d i n g l y   to  i n s u r e   i n d i v i d u a l   bead   f o r m a t i o n .  

D r o p l e t s   f rom  the   n e e d l e   were   a l l o w e d   to  f a l l   o n t o   a  

r o t a t i n g   d i s c   to  form  b e a d s .   Cool   a i r   was  b lown  o v e r   t h e  

b e a d s   to  a i d   in  r a p i d   s o l i d i f i c a t i o n .   A l t e r n a t i v e l y ,   a  

r e f r i g e r a t e d   s u r f a c e   can  be  u s e d .   B e a d s   t h e n   p a s s   a  

s t a t i o n a r y   s c r a p e r   w h i c h   r e m o v e s   the   b e a d s   f rom  t h e  

r o t a t i n g   d i s c   and  d e p o s i t s   them  i n t o   a  c o l l e c t i o n  

v e s s e l .  

E x a m p l e   I I  

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

in  E x a m p l e   I  were   u sed   f o r   h a i r   d e g r a d a t i o n   t e s t s   i n  

t e s t   t u b e s .   To  each   of  5  t e s t   t u b e s   2  g r a m s   of  d ry   h a i r  

was  p a c k e d   i n t o   t he   b o t t o m   and  50  ml  of  w a t e r   was  a d d e d .  

To  t h i s   5  g r a m s   of  the   b e a d e d   p r o d u c t   as  p r o d u c e d   i n  

E x a m p l e   I  were   a d d e d .   The  p r o d u c t   c o n s i s t e d   of  1 . 5 6   gm 



of  enzyme  b e a d s ,   0 . 7 8   gm  of  SDS  b e a d s   and  3 .52   gm  of  TGA 

b e a d s .   The  b e a d s   were   a d d e d   to  t he   t e s t   t ube   and  a l l o w e d  

to   s i t   u n s t i r r e d   f o r   16  h o u r s .   At  t h i s   t ime  the   h a i r   w a s  

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

h a i r   f rom  e a c h   t e s t   t u b e   was  r e m o v e d ,   w a s h e d ,   d r i e d   a n d  

w e i g h e d   to  d e t e r m i n e   t h e   t o t a l   a m o u n t   of   d e g r a d a t i o n .  

The  d e g r a d a t i o n   in  t e s t   t u b e s   1-5  was  9 1 . 7 ,   8 6 . 2 ,   8 5 . 1 ,  

8 0 . 3  a n d   8 2 . 7 % ,   r e s p e c t i v e l y ,   f o r   an  a v e r a g e   of  8 6 . 0 %  

d e g r a d a t i o n .   T h i s   r e p r e s e n t s   1 . 7 2   g r a m s   of  h a i r   t h a t   w a s  

t o t a l l y   d e g r a d e d .  

E x a m p l e   I I I  

Beads   p r o d u c e d   by  t h e   g e n e r a l   m e t h o d   as  d e s c r i b e d   i n  

E x a m p l e   1  were   a d d e d   to   a  h a i r   c l o g g e d   t e s t   d r a i n   t r a p .  

For   t h i s   t e s t   15  g r a m s   of  d r y   h a i r   was  p a c k e d   i n t o   t h e  

t r a p   p o r t i o n   of   t he   d r a i n   and  10  g  of  d r a i n   c l e a n e r   b e a d s  

were   a p p l i e d   to  t he   d r a i n   t r a p   w h i c h   c o n t a i n e d   w a t e r .  

The  a p p l i c a t i o n   was  5  t i m e s   t h e   a m o u n t   added   in  E x a m p l e   2 

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

t h e   h a i r   was  7 . 5   t i m e   as  g r e a t .   A f t e r   o v e r n i g h t   t r e a t -  

men t   ( a p p r o x i m a t e l y   16  h o u r s )   t h e   d r a i n s   were   f l u s h e d  

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

r e s u l t e d .   The  h a i r   was  c o l l e c t e d ,   w a s h e d ,   d r i e d   a n d  

w e i g h e d .   T h e r e   was  a  57 .7%  d e g r a d a t i o n   of  the   o r i g i n a l  

h a i r   as  c a l c u l a t e d   f rom  t h a t   r e m a i n i n g   in  the   d r a i n   a f t e r  

o v e r n i g h t   t r e a t m e n t .  

E x a m p l e   I V  

The  g e n e r a l   p r o c e d u r e   of  E x a m p l e   3  was  f o l l o w e d   a n d  

t h e   amoun t   of  h a i r   t h a t   d e g r a d e d   a f t e r   o v e r n i g h t  

t r e a t m e n t   was  62.6%  as  c a l c u l a t e d   f rom  the   amoun t   of  h a i r  

t h a t   was  f l u s h e d   f rom  t h e   p r e v i o u s l y   c l o g g e d   d r a i n .  



E x a m p l e   V 

An  a p p l i c a t i o n   (10  g r a m s )   of  the   s o l i d   d r a i n   c l e a n e r  

was  used   to  c l e a r   a  s l o w - r u n n i n g   d r a i n   in  a  home 

w h e r e u p o n   i t   was  p r e s u m e d   t h a t   the   m a j o r   c a u s e   of  t h e  

c l o g   was  h a i r .   The  d r a i n   was  t e s t e d   fo r   w a t e r   f l ow  ( 9  

l i t e r s )   b e f o r e   and  a f t e r   t he   t r e a t m e n t .   The  t r e a t m e n t  

l a s t e d   3 . 2 5   h o u r s .   The  f l o w   t i m e s   a re   l i s t e d   in  T a b l e  

I I .   T h e r e   was  a  d e c r e a s e   in  t o t a l   t ime   of  f l o w  

a t t r i b u t e d   to  the   t r e a t m e n t   and  the   d r a i n   was  no  l o n g e r  

s low  r u n n i n g .  

E x a m p l e   V I  

A  d r a i n   c l e a n e r   bead   p r o d u c t   can  be  made  w h e r e i n   t h e  

b e a d s   c o n t a i n   a l l   of  t he   a c t i v e   i n g r e d i e n t s ,   e a c h   f o u n d  

w i t h i n   a  s e p a r a t e   l a y e r   of  t he   b e a d s .  

Core  b e a d s   a re   made  as  d e s c r i b e d   in  E x a m p l e   I  c o m -  

p r i s i n g   p o l y e t h y l e n e   g l y c o l   and  TGA.  A  s e p a r a t e   m i x t u r e  

is  made  of  t he   p o l y e t h y l e n e   g l y c o l   and  SDS.  The  c o r e  

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

s u f f i c i e n t   to  c o a t   t he   b e a d s   w i t h   the   l i q u i d   S D S - P E G  

m i x t u r e   but   i n s u f f i c i e n t   to  c a u s e   the   b e a d s   to  m e l t .   T h e  

c o a t e d   b e a d s   t hen   a r e   w i t h d r a w n   and  c o o l e d   to  a l l o w   t h e  

c o a t i n g   to  s o l i d i f y .   T h i s   p r o c e d u r e   can  be  r e p e a t e d   a s  

many  t i m e s   as  n e c e s s a r y   to  c o a t   the   c o r e   b e a d s   w i t h   t h e  

d e s i r e d   amount   of  SDS.  The  d i p p i n g ,   c o a t i n g   and  c o o l i n g  



p r o c e s s   t h e n   is   r e p e a t e d   w i t h   t he   t w o - l a y e r   b e a d s   and  a  

l i q u i d   m i x t u r e   of  t he   p r o t e o l y t i c   enzyme  and  PEG.  When  

a d d i n g   t h e   e n z y m e - P E G   l a y e r   to   the   b e a d s   i t   is   d e s i r a b l e  

to  q u i c k l y   c o o l   t he   c o a t e d   b e a d s   so  as  to  m i n i m i z e   a n y  

enzyme  t h e r m a l   d e a c t i v a t i o n .  

O t h e r   a p p r o a c h e s   can  be  u s e d   to  p r o d u c e   m u l t i -  

l a y e r e d   b e a d s .   The  c o r e   b e a d s   can  c o m p r i s e   the   e n z y m e -  
PEG  m i x t u r e   and  be  c o a t e d   w i t h   TGA  and  w i t h   SDS.  As  

shown  in  E x a m p l e   I ,   t h e   enzyme  and  PEG  t y p i c a l l y   can  b e  

mixed   a t   a  l o w e r   t e m p e r a t u r e   t h a n   can  the   TGA  or  SDS  a n d  

PEG.  If   t h e   e n z y m e - P E G   m i x t u r e   is   the   c o r e   b e a d ,   c a r e  

mus t   be  t a k e n   so  t h a t   t h e   c o r e   bead   d o e s   no t   m e l t   w h e n  

the   o t h e r   bead   l a y e r s   a r e   f o r m e d ,   such   as  by  c o o l i n g   t h e  

b e a d s   b e f o r e   d i p p i n g   them  in  t he   m e l t e d   TGA-  or  S D S - P E G  

m i x t u r e s .  

E x a m p l e   V I I  

P r e - p o l y m e r   s o l u t i o n s   were   made  as  in  E x a m p l e   I ,  

w i t h   the   e x c e p t i o n   t h a t   t h e   TGA  and  SDS  p r e p o l y m e r s  

were  made  a t   70*C  and  t h e   enzyme   p r e p o l y m e r   was  made  a t  

55*C.  A l l   t h r e e   s o l u t i o n s   were   mixed   t o g e t h e r   to  fo rm  a  

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

were   t h e n   made  a c c o r d i n g   to  t h e   g e n e r a l   p r o c e d u r e   a s  

d e s c r i b e d   in  e x a m p l e   I .  

F i v e   g r a m s   of  t h e   b e a d s   we re   a d d e d   to  a  t e s t   t u b e  

c o n t a i n i n g   two  g r a m s   of  h a i r   and  50  ml.  of  w a t e r   a n d  

a l l o w e d   to  s i t   u n d i s t u r b e d   f o r   22  h o u r s .   At  t h i s   t i m e  

the   h a i r   was  o b s e r v e d   to   have   u n d e r g o n e   s i g n i f i c a n t  

d e g r a d a t i o n .   The  h a i r   was  r e m o v e d   f rom  t h e   t e s t   t u b e ,  

w a s h e d ,   d r i e d ,   and  w e i g h e d .   O n l y   0 . 8 2 9   g.  of  h a i r  

r e m a i n e d   ( 58 .6%  of   t h e   h a i r   had  been   d e g r a d e d ) .  



E x a m p l e   V I I I  

P r e p a r a t i o n   of   L i q u i d / S o l i d  
D r a i n   C l e a n e r   F o r m u l a t i o n  

Ammonium  h y d r o x i d e   ( 2 9 . 2 m l )   was  a d d e d   to  1 2 . 5 m l   o f  

c o o l e d   t h i o g l y c o l i c   a c i d   a l o n g   w i t h   0 . 6 9 m l   of  l a v e n d e r  

s c e n t   and  m i x e d   w e l l .   T h i s   s o l u t i o n   was  p o u r e d   i n t o   a  

g r a d u a t e d   c y l i n d e r   and  t he   v o l u m e   was  b r o u g h t   up  to  6 0 m l  

w i t h   d i H 2 0 .   T h i s   s o l u t i o n   p l u s   7 .8gm  of  enzyme   b e a d s  

c o n s t i t u t e d   a  s i n g l e   a p p l i c a t i o n   of  l i q u i d / s o l i d   d r a i n  

c l e a n e r .   The  enzyme  b e a d s   we re   made  a c c o r d i n g   to  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   in  E x a m p l e   I ,   w i t h   t h e  

e x c e p t i o n   t h a t  s o d i u m   b i s u l f i t e   (SBS)  was  a d d e d   to  t h e  

e n z y m e   s o l u t i o n   b e f o r e   i t   was  mixed   w i t h   t h e   P E G .  

S u f f i c i e n t   SBS  was  a d d e d   t h a t   t he   l i q u i d   p r e - p o l y m e r  

c o n t a i n e d   0 .05%  S B S .  

E x a m p l e   I X  

T w e n t y   g r a m s   of  h a i r   and  one  g ram  of   a  c a l c i u m   s o a p  
c u r d   w e r e   mixed   and  p a c k e d   i n t o   e a c h   of  f i v e   d r a i n  

t r a p s .   One  l i t e r   of  w a t e r   was  p o u r e d   t h r o u g h   t he   d r a i n  

and  t h e   f l o w   r a t e   d e t e r m i n e d .  

An  a p p l i c a t i o n   of  t h e   l i q u i d / s o l i d   d r a i n   c l e a n e r  

f o r m u l a t i o n   ( 0 . 4   oz .   e n z y m e   b e a d s ,   2  oz .   a m m o n i u m  

t h i o g l y c o l a t e )   p r e p a r e d   in  E x a m p l e   V I I I   was  a d d e d   to  e a c h  

d r a i n .   The  enzyme   b e a d s   w e r e   a d d e d   f i r s t ,   f o l l o w e d   b y  

t h e   ammonium  t h i o g l y c o l a t e .   A f t e r   8  h o u r s   t he   d r a i n s  

we re   f l u s h e d   w i t h   one  l i t e r   of   w a t e r .   H a i r   was  c o l l e c t e d  

f rom  e a c h   t r a p   and  f i l t e r e d   t h r o u g h   a  125  m i c r o n   s i e v e .  

A l l   t h e   i n s o l u b l e s   were   c o l l e c t e d ,   d r i e d   and  w e i g h e d .  

The  r e s u l t s   a r e   shown  in  T a b l e   4  b e l o w .   A  c l e a r e d  

d r a i n   i n d i c a t e d   t h a t   a l l   h a i r   was  d i s l o d g e d   f rom  t h e  

d r a i n   t r a p .  





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

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

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

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

d r a i n   c l e a n i n g   i n g r e d i e n t   d i s p e r s e d   in  a  w a t e r -  

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

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

a c t i v e   i n g r e d i e n t   p r e s e n t   in  t h e   same  b e a d   a n d  

t h e   a c t i v e   i n g r e d i e n t   or  i n g r e d i e n t s   in  t h e   o t h e r  

b e a d s .  

2.  A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   1  w h e r e i n  

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

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

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

a g e n t s   and  s t a b i l i z e r s   d i s p e r s e d   in  a  w a t e r - s o l u b l e  

p o l y m e r .  

3.  A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 

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

4.  A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 

w h e r e i n   a t   l e a s t   some  of  t h e   b e a d s   c o n t a i n   t w o  

or  more  a c t i v e   d r a i n   c l e a n i n g   i n g r e d i e n t s   and  a r e  

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

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

5.  A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 

w h e r e i n   a t   l e a s t   some  of   t h e   b e a d s   c o n t a i n   t w o  

or  more   a c t i v e   i n g r e d i e n t s ,   e a c h   o f   w h i c h   is   d i s p e r s e d  

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

6.  A  f o r m u l a t i o n   as  c l a i m e d   in  any  one  of  c l a i m s   1 

to   5  w h e r e i n   t h e   w a t e r - s o l u b l e   p o l y m e r   i s   p o l y e t h y -  

l e n e   g l y c o l .  

7.  A  f o r m u l a t i o n   as  c l a i m e d   in  any  one  of  t h e  

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

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

a  l i q u i d   c o m p o n e n t   w h i c h   c o m p r i s e s   one  or  m o r e  
a c t i v e   d r a i n - c l e a n i n g   i n g r e d i e n t s ,   t h e   a c t i v e   i n g r e -  

d i e n t ( s )   in  t he   b e a d s   and  t h e   a c t i v e   i n g r e d i e n t ( s )  



in  t h e   l i q u i d   b e i n g   k e p t   s u b s t a n t i a l l y   c h e m i c a l l y  

i s o l a t e d   f rom  one  a n o t h e r   u n t i l   t h e   two  c o m p o n e n t s  

a r e   a d d e d   to   t h e   d r a i n .  

8.  A  f o r m u l a t i o n   as  c l a i m e d   in  any  one  of  c l a i m s  

1  to   7  fo r   c l e a n i n g   d r a i n s   c l o g g e d   w i t h   a  h a i r -  

c o n t a i n i n g   d e p o s i t   w h e r e i n   t h e   a c t i v e   i n g r e d i e n t s  

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

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

9.  A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   7  f o r   c l e a n i n g  

d r a i n s   c l o g g e d   w i t h   a  h a i r - c o n t a i n i n g   d e p o s i t   w h i c h  

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

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

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

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

10 .   A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   8  or  c l a i m  

9  w h e r e i n   t h e   d i s u l f i d e - r e d u c i n g   a g e n t   i s   s e l e c t e d  

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

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

s o d i u m   t h i o g l y c o l a t e .  

11 .   A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   8  or  c l a i m  

9  w h e r e i n   t h e   d i s u l f i d e - r e d u c i n g   a g e n t   i s   B - m e r c a p t o -  

e t h a n o l .  

12 .   A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   10  w h i c h  

c o m p r i s e s :  

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

a b o u t   5%  to  a b o u t   50%  of   t h e   b e a d s   c o m p r i s e   a  m i x t u r e  

o f   an  a l k a l i n e   p r o t e a s e   d i s p e r s e d   in  p o l y e t h y l e n e  

g l y c o l   (PEG),   t h e   w e i g h t   to   w e i g h t   r a t i o   of   e n z y m e  
to   PEG  r a n g i n g   f r o m   a b o u t   1 : 1   to   a b o u t   1 : 1 0 0 0 ;   a n d  

a b o u t   1 0 - t o   a b o u t   95%  of   t h e   b e a d s   c o m p r i s e   a  m i x t u r e  

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

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

. c o l a t e   to  PEG  r a n g i n g   f rom  a b o u t   1 :1   to   a b o u t   1 : 1 0 0 0 .  

13 .   A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   10  w h i c h  

c o m p r i s e s :  

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

a b o u t   5%  to  a b o u t   50%  of   t h e   b e a d s   c o m p r i s e   a  m i x t u r e  

o f   an  a l k a l i n e   p r o t e a s e   d i s p e r s e d   in  p o l y e t h y l e n e  



g l y c o l   (PEG) ,   t he   w e i g h t   to   w e i g h t   r a t i o   of  e n z y m e  

to   PEG  r a n g i n g   f rom  a b o u t   l : l   to   a b o u t   1 : 1 0 0 0 ;   a n d  

a b o u t   10  to   a b o u t   95%  of  t h e   b e a d s   c o m p r i s e   a  m i x t u r e  

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

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

c o l a t e   to   PEG  r a n g i n g   f rom  a b o u t   1 :1   to  a b o u t   1 : 1 0 0 0 ;  

and  a b o u t   0.1%  to  a b o u t   20%  of   t h e   b e a d s   c o m p r i s e  

a  m i x t u r e   of   s o d i u m   d o d e c y l s u l f a t e   (SDS)  d i s p e r s e d  

in  PEG,  t h e   w e i g h t   to   w e i g h t   r a t i o   of   SDS  to  PEG 

r a n g i n g   f rom  a b o u t   1 :1   to   a b o u t   1 : 1 0 0 0 .  

14.  A  f o r m u l a t i o n   as  c l a i m e d   in  any  one  of  c l a i m s  

9  to   11  h a v i n g   l i q u i d   c o m p o n e n t   c o m p r i s i n g   a  d i s u l f i d e -  

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

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

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

15.   A  f o r m u l a t i o n   as  c l a i m e d   in  any  one  of   c l a i m s  

1  to   6  f o r   c l e a n i n g   d r a i n s   c l o g g e d   w i t h   food   a n d / o r  

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

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

c o m p r i s e   a t   l e a s t   one  p e c t i n a s e   and  a t   l e a s t   o n e  

c e l l u l a s e .  

16.   A  f o r m u l a t i o n   as  c l a i m e d   in  c l a i m   15  w h e r e i n  

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

a d d i t i o n a l l y   c o m p r i s e   one   or  more  e n z y m e s   s e l e c t e d  

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

and  l i p a s e s .  

17.  A  f o r m u l a t i o n   as  c l a i m e d   in  any  one  of  c l a i m s  

8  to   16  w h i c h   a l s o   c o m p r i s e s   a t   l e a s t   one  a d d i t i o n a l  

i n g r e d i e n t   s e l e c t e d   f rom  b u f f e r s ,   d e t e r g e n t s ,   s t a b i l i z e r s ,  

t h i c k e n i n g   a g e n t s   and  e n z y m e   c o f a c t o r s  

18.  A  m e t h o d   f o r   c l e a n i n g   a  d r a i n   c l o g g e d   w i t h  

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

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

as  c l a i m e d   in  c l a i m   1 .  

19.   A  m e t h o d   f o r   c l e a n i n g   a  d r a i n   c l o g g e d   w i t h  

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

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

as  c l a i m e d   in  any  one  of   c l a i m s   3  to  5 .  



20.  A  m e t h o d   f o r   c l e a n i n g   a  d r a i n   c l o g g e d   w i t h  

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

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

as  c l a i m e d   in  c l a i m   7 .  

21.  A  m e t h o d   f o r   c l e a n i n g   a  d r a i n   c l o g g e d   w i t h  

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

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

as  c l a i m e d   in  c l a i m   8 .  

22.   A  m e t h o d   f o r   c l e a n i n g   a  d r a i n   c l o g g e d   w i t h  

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

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

as  c l a i m e d   in  c l a i m   1 4 .  

23.  A  m e t h o d   f o r   c l e a n i n g   a  d r a i n   c l o g g e d   w i t h  

a  f o o d   a n d / o r   n o n - f o o d   p l a n t   m a t e r i a l - c o n t a i n i n g  

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

w i t h   an  e f f e c t i v e   a m o u n t   of   a  f o r m u l a t i o n   as  c l a i m e d  

in  c l a i m   1 5 .  
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