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@  Built  liquid  detergent  compositions  containing  ternary  active  systems. 

Stable  liquid  detergent  compositions  containing  non- 
ionic,  amine  oxide  and  alcohol  polyethoxylate  sulfate 
surfactants  and  a  water-soluble  detergency  builder  are 
disclosed.  The  compositions  are  single  phase  isotropic 
liquids  which  exhibit  improved  freezethaw  stability.  The 
polyethoxylate  sulfate  surfactant  enhances  detergency 
performance  on  textiles  that  have  been  softened  with  a 
conventional  cationic  fabric  softener. 



B a c k g r o u n d   of  the  I n v e n t i o n  

This  i n v e n t i o n   r e l a t e s   to  s tab le   liquid  d e t e r g e n t   c o m p o s i t i o n s  

hav ing   s u p e r i o r   d e t e r g e n t   p r o p e r t i e s .  

T h e r e   has  been  c o n s i d e r a b l e   demand   for  l iquid  d e t e r g e n t  

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

v a r i e t y   of  c o n d i t i o n s   i nc lud ing   cool  water   c o n d i t i o n s .   In  o r d e r   t o  

obta in   s u p e r i o r   d e t e r g e n c y   u n d e r   a  wide  v a r i e t y   of  c o n d i t i o n s ,   a 

n u m b e r   of  c o m p o n e n t s   are  n e e d e d .   The  f o rmu la t i on   of  s t a b l e  

liquid  d e t e r g e n t   compos i t i ons   is  d i f f i cu l t   when  the  c o m p o n e n t s  

tend  to  s e p a r a t e   into  d i s c r e t e   p h a s e s .  

U.S.   Pa t en t   4 , 2 4 7 , 4 2 4 ,   Kuzel  et  al,  i s sued   J a n u a r y   2 7 ,  1 9 8 1 ,  

d i sc loses   l iquid  d e t e r g e n t   compos i t i ons   in  the  form  of  w a t e r - i n - o i l  

emuls ions   which  conta in   e t h o x y l a t e d   alcohol  and  amine  o x i d e  

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

U.S.   Pa t en t   4 , 2 8 4 , 5 3 2 ,   Leikhim  et  ai,  i s sued   A u g u s t   18,  1981, 

d i sc loses   l iquid  d e t e r g e n t   compos i t i ons   in  i so t rop i c   form  w h i c h  

conta in   e t h o x y l a t e d   alcohol  and  amine  oxide  s u r f a c t a n t s .  

U.S.   Pa t en t   4 ; 2 7 6 , 2 0 5 ,   F e r r y ,   i s sued   June   30,  1981,  d i s c l o s e s  

d e t e r g e n t   compos i t i ons   c o n t a i n i n g   e t h o x y l a t e d   alcohol  and  a m i n e  

oxide  s u r f a c t a n t s   plus  a  p o l y a l k y l e n e   glycol  d e t e r g e n c y   i m p r o v e r  

such  as  p o l y e t h y l e n e   g l y c o l .  

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

The  p r e s e n t   i nven t ion   e n c o m p a s s e s   a  s table   l iquid  d e t e r g e n t  

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

(a)  from  about   3%  to  a b o u t   20%  of  an  e t h o x y l a t e d   alcohol  o r  

e t h o x y l a t e d   alkyl  phenol  nonionic   s u r f a c t a n t   of  the  f o r m u l a  

R ( O C 2 H 4 ) n C H ,   where in   R  is  se lec ted   from  the  g r o u p   c o n s i s t i n g   o f  

a l ipha t i c   h y d r o c a r b o n   rad ica l s   c o n t a i n i n g   from  a b o u t   8  to  about   15 

ca rbon   atoms  and  alkyl  phenyl   rad ica l s   in  which  the  alkyl  g r o u p  
con ta in s   from  about   8  to  about   12  ca rbon   a toms,   n  is  from  about   3 



to  about   9,  and  said  nonionic   s u r f a c t a n t   has  an  HLB  value  o f  

from  about   10  to  abou t   13; 

(b)  from  abou t   2%  to  about   15%  of  an  amine  oxide  s u r f a c t a n t  

hav ing   the  f o r m u l a  

w h e r e i n   R  is  an  a lky l ,   h y d r o x y a l k y l ,   a l k o x y h y d r o x y p r o p y l ,  

a l k o x y h y d r o x y e t h y l ,   alkyl  a m i d o  o r   alkyl  c a r b o x y l a t e   radical   i n  

which  the  alkyl  and  a lkoxy  p o r t i o n s   conta in   from  abou t   8  to  a b o u t  

18  c a r b o n   a toms,   R 2  a n d   R3  are  s e l ec t ed   from  me thy l ,   e t h y l ,  

p r o p y l ,   i s o p r o p y l ,   2 - h y d r o x y e t h y l ,   2 - h y d r o x y p r o p y l ,   3 - h y d r o x y -  

p r o p y l ,   or  said  g r o u p s   joined  t o g e t h e r   to  form  a  cycl ic   s t r u c t u r e  

in  which  the  n i t r o g e n   is  pa r t   of  a  h e t e r o c y c l i c   r i ng ,   and  n  i s  

from  0  to  abou t   10; 

(c)  from  abou t   1%  to  abou t   10%  of  an  alcohol  p o l y e t h o x y l a t e  

su l f a t e   s u r f a c t a n t   hav ing   the  formula  R 4 0 ( C 2 H 4 O ) m S O 3 M ,   w h e r e i n  
R4  is  an  alkyl  or  h y d r o x y a l k y l   radical   c o n t a i n i n g   from  abou t   10  to  

abou t   18  c a rbon   a toms ,   m  is  from  abou t   2  to  abou t   10  and  M  is  a 

compa t ib l e   c a t i o n ;  

(d)  from  abou t   5%  to  about   25%  of  a  w a t e r - s o l u b l 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   or  p o l y p h o s p h a t e   d e t e r g e n c y   b u i l d e r  

c apab l e   of  s e q u e s t e r i n g   calcium  and  magnes ium  ions  in  w a t e r  

so lu t ion ;   p r o v i d e d   tha t   c o m p o n e n t s   (a) ,   (b ) ,   (c)  and  (d)  t o g e t h -  

er  r e p r e s e n t   less  than  abou t   40%  by  weight   of  the  c o m p o s i t i o n ;  

(e)  from  0%  to  abou t   25%  of  a  h y d r o t r o p e ;  

(f)  up  to  abou t   89%  wate r ;   said  liquid  d e t e r g e n t   c o m p o s i t i o n  

being  in  i so t rop ic   form  and  having  a  pH  of  from  abou t   8  to  a b o u t  

13  in  a  0.2%  wate r   so lut ion  at  2 0 ° C .  

Detai led  D e s c r i p t i o n   of  the  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   compos i t i ons   here in   compr ise   five  e s s e n -  

tial  i n g r e d i e n t s :  

(a)  e t h o x y l a t e d   nonionic   s u r f a c t a n t ;  

(b)  amine  oxide  s u r f a c t a n t ;  

(c)  alcohol  p o l y e t h o x y l a t e   su l fa te   s u r f a c t a n t ;  



(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 ;   a n d  

(e)  w a t e r .  

The  compos i t i ons   of  the  i nven t ion   are  s ingle   phase   i s o t r o p i c  

l iquids   which  e x h i b i t   improved   s t ab i l i t y   in  t ha t   they   r e t u r n ,   o r  

s u b s t a n t i a l l y   r e t u r n ,   to  a  s ingle   i so t rop ic   phase   a f t e r   f r e e z i n g  

and  t h a w i n g .   The  non ion i c ,   amine  oxide  and  p o l y e t h o x y l a t e  

su l fa te   s u r f a c t a n t s   and  the  b u i l d e r s   here in   t o g e t h e r   r e p r e s e n t  

less  than  about   40%  by  we igh t   of  the  c o m p o s i t i o n .   C o m p o s i t i o n s  

c o n t a i n i n g   more  than  abou t   40%  by  we igh t   of  such  c o m p o n e n t s  

tend  to  s e p a r a t e   into  a  s u r f a c t a n t - r i c h   sope  phase   and  a  s a l t - r i c h  

lye  p h a s e   a f t e r   f r eez ing   and  t h a w i n g .   P r e f e r r e d   c o m p o s i t i o n s  

he re in   con ta in   less  than  abou t   34%,  and  most  p r e f e r a b l y   less  t h a n  

abou t   28%,  by  we igh t   of  such  c o m p o n e n t s ,   and  e x h i b i t   e v e n  

g r e a t e r   s t ab i l i t y   in  t ha t   they  r e t u r n   to  s ingle   phase   i s o t r o p i c  

l iquids   a f te r   being  slowly  f rozen  ( e . g . ,   over   a  per iod   of  d a y s )  

arid  t h a w e d .   The  c o m p o s i t i o n s ,   p a r t i c u l a r l y   those   with  h i g h e r  

s u r f a c t a n t   and  b u i l d e r   levels  within  the  above  l imits,   also  p r e -  

f e r ab ly   c o n t a i n   the  opt ional   h y d r o t r o p e s   he re in   which  help  t o  

so lubi l ize   the  s u r f a c t a n t s   and  sal ts   in  the  wa te r   phase   u n d e r   a 

wide  v a r i e t y   of  c o n d i t i o n s .  

E t h o x y l a t e d   Nonionic  S u r f a c t a n t  

The  c o m p o s i t i o n s   of  the  p r e s e n t   i nven t ion   con ta in   from  a b o u t  

3%  to  abou t   20%  by  we igh t   of  an  e t h o x y l a t e d   nonionic   s u r f a c t a n t   o f  

the  formula  R ( O C 2 H 4 ) n   OH,  whe re in   R  is  s e l ec ted   from  the  g r o u p  

c o n s i s t i n g   of  a l i pha t i c   h y d r o c a r b o n   rad ica l s   c o n t a i n i n g   from  a b o u t  

8  to  abou t   15  c a rbon   atoms  and  alkyl  phenyl   r ad ica l s   in  which  t h e  

alkyl  g r o u p   con t a in s   from  abou t   8  to  about   12  c a rbon   a toms ,   n  is  

from  about   3  to  about   9,  and  said  nonionic   s u r f a c t a n t   has  an  HLB 

value  of  from  abou t   10  to  about   13. 

Su i t ab le   e t h o x y l a t e d   nonionic   s u r f a c t a n t s   are  the  c o n d e n s a -  

tion  p r o d u c t s   of  alkyl  pheno l s   having   an  alkyl  g r o u p   c o n t a i n i n g  

from  about   8  to  abou t   15  ca rbon   a toms,   in  e i the r   a  s t r a i g h t   c h a i n  

or  b r a n c h e d   chain  c o n f i g u r a t i o n ,   with  e t h y l e n e   ox ide ,   the  e t h y l -  

ene  oxide  being  p r e s e n t   in  amounts   equal  to  from  abou t   3  t o  

about   9  moles  of  e t h y l e n e   oxide  per  mole  of  alkyl  pheno l .   T h e  

alkyl  s u b s t i t u e n t   in  such  c o m p o u n d s   can  be  d e r i v e d ,   for  e x a m p l e ,  



from  p o l y m e r i z e d   p r o p y l e n e   or  i s o b u t y l e n e ,   or  from  oc tene   o r  

n o n e n e .   Examples   of  c o m p o u n d s   of  this  type   inc lude   nonyl  p h e n o l  

c o n d e n s e d   with  abou t   8  moles  of  e t h y l e n e   oxide  per  mole  of  n o n y l  

phenol   and  dodecyl   phenol   c o n d e n s e d   with  about   9  moles  of  e t h y l -  

ene  oxide  per  mole  of  dodecyl   pheno l .   Commerc ia l ly   a v a i l a b l e  

nonionic   s u r f a c t a n t s   of  this   type   inc lude   igepal  CO-530,   CO-610 ,  

CO-630,   CA-520,   CA-620,   and  CA-630,   m a r k e t e d   by  the  G A F .  

C o r p o r a t i o n .  

O the r   useful   nonionic   s u r f a c t a n t s   here in   are  c o n d e n s a t i o n  

p r o d u c t s   of  p r i m a r y   or  s e c o n d a r y   a l ipha t i c   a lcohols   with  f r o m  

abou t   3  to  abou t   9  moles  of  e t h y l e n e   oxide  per  mole  of  a l c o h o l .  

The   alkyl  chain  of  the  a l i p h a t i c   alcohol  can  e i t h e r   be  s t r a i g h t   o r  

b r a n c h e d   and  con t a in s   from  about   8  to  about   15  c a rbon   a t o m s .  

Examples   of  such   e t h o x y l a t e d   a lcohols   inc lude  the  c o n d e n s a t i o n  

p r o d u c t   of  abou t   5  moles  of  e t h y l e n e   oxide  with  1  mole  of  t r i d e c -  

ariol,  myr i s ty l   alcohol  c o n d e n s e d   with  about   8  moles  of  e t h y l e n e  

oxide   per  mole  of  myr i s t y l   a lcohol ,   the  c o n d e n s a t i o n   p r o d u c t   o f  

e t h y l e n e   oxide  with  coconu t   fa t ty   alcohol  whe re in   the  c o c o n u t  

alcohol  is  a  m i x t u r e   of  fa t ty   a lcohols   with  alkyl  chains   v a r y i n g  
from  10  to  14  ca rbon   atoms  and  where in   the  c o n d e n s a t e   c o n t a i n s  

a b o u t   6  moles  of  e t h y l e n e   oxide  per  mole  of  a lcohol ,   and  t h e  

c o n d e n s a t i o n   p r o d u c t   of  abou t   9  moles  of  e t h y l e n e   oxide  w i t h  

c o c o n u t   a lcohol .   Examples   of  commercia l ly   ava i l ab le   n o n i o n i c  

s u r f a c t a n t s   of  t h i s   type   i nc lude   Te rg i t o l   15-S-7  m a r k e t e d   by  t h e  

Union  C a r b i d e   C o r p o r a t i o n   and  Neodol  23-6.5  m a r k e t e d   by  t h e  

Shell  Chemical  C o m p a n y .   Whe the r   the  alcohol  is  d e r i v e d   f r o m  

n a t u r a l   fats  or  p r o d u c e d   by  one  of  severa l   pe t rochemica l   p r o c e s -  

s e s ,   a  m i x t u r e   of  ca rbon   chain  l e n g t h s   is  t yp ica l .   The   s t a t e d  

d e g r e e   of  e t h o x y l a t i o n   is  an  a v e r a g e ,   the  d i s t r i b u t i o n   b e i n g  

d e p e n d e n t   on  p r o c e s s   c o n d i t i o n s .  

E t h o x y l a t e d   a lcohols   are  p r e f e r r e d   b e c a u s e   of  the i r   s u p e r i o r  

b i o d e g r a d a b i l i t y   r e l a t ive   to  e t h o x y l a t e d   alkyl  pheno l s .   P a r t i c u -  

larly  p r e f e r r e d   are  e t h o x y l a t e d   alcohols  having  an  a v e r a g e   of  f r o m  

abou t   10  to  about   15  ca rbon   atoms  in  the  a l c o h o l   and  an  a v e r a g e  

d e g r e e   of  e t h o x y l a t i o n   of  from  about   3  to  about   8  moles  of  e t h y l -  

ene  oxide  per  mole  of  a l c o h o l .  



The  cloud  point  of  a  1%  a q u e o u s   solut ion  of  the  e t h o x y l a t e d  

nonionic   s u r f a c t a n t   is  p r e f e r a b l y   below  about   75°C.  and  m o s t  

p r e f e r a b l y   below  about   5 5 ° C .  

The  p r e f e r r e d   e t h o x y l a t e d   hon ion ic   s u r f a c t a n t s   will  have  HLB 

( h y d r o p h i l e - l i p o p h i l e   ba l ance )   va lues   of  from  abou t   10  to  abou t   13 

and  limited  wate r   s o l u b i l i t y .   The  HLB  value  of  s u r f a c t a n t s   a n d  

emu l s i f i e r s   can  be  d e t e r m i n e d   e x p e r i m e n t a l l y   in  a  w e l l - k n o w n  

f a sh ion .   The  HLB  value  of  c o m p o u n d s   or  m i x t u r e s   of  c o m p o u n d s  

in  which  the  h y d r o p h i l i c   por t ion   of  the  molecule  is  p r i n c i p a l l y  

e t h y l e n e   oxide  can  be  e s t i m a t e d   by  the  we igh t   ratio  of  e t h y l e n e  

oxide  por t ion   to  the  l ipophi l ic   po r t ion   ( e . g . ,   the  h y d r o c a r b y l  

r a d i c a l ) .  

A  p r e f e r r e d   level  of  e t h o x y l a t e d   nonionic   s u r f a c t a n t s   in  t h e  

compos i t i ons   of  the  i n v e n t i o n   is  from  about   5%  to  abou t   10%. 

Optional   e t h o x y l a t e d   nonionic   s u r f a c t a n t s   i nc lude :   (1)  t h e  

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

formed  by  the  c o n d e n s a t i o n   of  p r o p y l e n e   oxide  and  p r o p y l e n e  

g lyco l ,   and  (2)  the  c o n d e n s a t i o n   p r o d u c t s   of  e t h y l e n e   oxide  w i t h  

the  p r o d u c t   r e s u l t i n g   from  the  r eac t ion   of  p r o p y l e n e   oxide  a n d  

e t h y l e n e d i a m i n e .   These   s u r f a c t a n t s   are  m a r k e t e d   by  BASF  W y a n -  

dot te   u n d e r   the  t r a d e n a m e s   P lu ron ic   and  T e t r o n i c   r e s p e c t i v e l y .  

Amine  Oxide  S u r f a c t a n t  

The  compos i t i ons   of  the  p r e s e n t   i n v e n t i o n   also  con ta in   f r o m  

abou t   2%  to  about   15%  by  we igh t   of  an  amine  oxide  s u r f a c t a n t  

hav ing   the  f o r m u l a  

whe re in   R  is  an  a lky l ,   h y d r o x y a l k y l ,   a l k o x y h y d r o x y p r o p y l ,  

a l k o x y h y d r o x y e t h y l ,   alkyl  amido  or  alkyl  c a r b o x y l a t e   radical   in 

which  the  alkyl  and  a l k o x y ,   r e s p e c t i v e l y ,   conta in   from  abou t   8  to  

abou t   18  ca rbon   a toms,   R 2  a n d   R3  are  me thy l ,   e t h y l ,   p r o p y l ,  

i s o p r o p y l ,   2 - h y d r o x y e t h y l ,   2 - h y d r o x y p r o p y l ,   3 - h y d r o x y p r o p y l ,   o r  

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

the  n i t r o g e n   is  par t   of  the  h e t e r o c y c l i c   r ing ,   and  n  is  from  0  to  

about   1 0  



Spec i f ic   examples   of  amine  oxide  s u r f a c t a n t s   i n c l u d e :  

d i m e t h y l d o d e c y l a m i n e   ox ide ,   d i m e t h y l t e t r a d e c y l a m i n e   ox ide ,   e t h y l -  

m e t h y l t e t r a d e c y l a m i n e   ox ide ,   c e t y l d i m e t h y l a m i n e   ox ide ,   d i m e t h y l -  

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

amine  ox ide ,   d i e t h y l t e t r a d e c y l a m i n e   oxide ,   d i p r o p y l d o d e c y l a m i n e  

o x i d e ,   b i s - ( 2 - h y d r o x y e t h y l ) d o d e c y l a m i n e   ox ide ,   b i s ( 2 - h y d r o x y -  

e t h y l ) - 3 - d o d e c o x y - 2 - h y d r o x y p r o p y l a m i n e   oxide ,   ( 2 - h y d r o x y p r o p y l ) -  

m e t h y t t e t r a d e c y t a m i n e   ox ide ,   d i m e t h y l o l e y l a m i n e   ox ide ,   d i m e t h y l - .  

( 2 - h y d r o x y d o d e c y l ) a m i n e   ox ide ,   C8-20  alkyl  a l p h a - d i m e t h y l a m i n e  

o x i d e   c a r b o x y l a t e s ,   and  the  c o r r e s p o n d i n g   decy l ,   h e x a d e c y l   a n d  

o c t a d e c y l   homologs  of  the  above   c o m p o u n d s .   A  p a r t i c u l a r l y  

p r e f e r r e d   mater ial   is  C12-16  alkyl  d i m e t h y l a m i n e   o x i d e .  

A  p r e f e r r e d   level  of  amine  oxide  s u r f a c t a n t   in  the  c o m p o -  
s i t ions   of  the  i n v e n t i o n   is  from  abou t   3%  to  abou t   10%.  P r e f e r r e d  

we igh t   ra t ios   of  e t h o x y l a t e d   nonionic   s u r f a c t a n t   to  amine  o x i d e  

s u r f a c t a n t   are  from  abou t   1:1  to  abou t   4:1,  more  p r e f e r a b l y   f r o m  

abou t   1.5:1  to  3 :1 .  

T h e   Alcohol  P o l y e t h o x y l a t e   Su l fa te   S u r f a c t a n t  

The  p r e s e n t   c o m p o s i t i o n s   conta in   from  abou t   1%  to  abou t   10%, 

p r e f e r a b l y   from  abou t   2%  to  abou t   6%,  by  we igh t   of  an  a l c o h o l  

p o l y e t h o x y l a t e   su l f a t e   s u r f a c t a n t   and  of  the  f o r m u l a  

R 4 O ( C 2 H 4 O ) m S O 3 M ,   whe re in   R4  is  an  alkyl  ( p r e f e r r e d )   or  h y d r o x y -  

alkyl  radical   c o n t a i n i n g   from  abou t   10  to  about   18  ca rbon   a toms,   m 

is  from  abou t   2  to  abou t   10  and  M  is  a  compat ib le   c a t i o n .  

The  alcohol  p a l y e t h o x y l a t e   su l f a t e   s u r f a c t a n t   is  e s sen t i a l   t o  

the  overal l   p e r f o r m a n c e   and  s t ab i l i t y   of  the  p r e s e n t   c o m p o s i t i o n s .  

It  has  been  f o u n d   t ha t   if  only  the  nonionic   and  amine  o x i d e  

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

c o n v e n t i o n a l   ca t ionic   fabr ic   s o f t e n i n g   i n g r e d i e n t s   such  as  d i -  

t a l l o w d i m e t h y l a m m o n i u m   ch lo r ide   will  g r a d u a l l y   become  o b j e c -  

t i onab ly   yellow.  The  reason   for  this  ef fect   is  u n c l e a r ,   but   in  a n y  

e v e n t   it  can  be  con t ro l l ed   by  the  add i t ion   of  an  anionic  s u r f a c t a n t  

to  the  c o m p o s i t i o n s .   S u r p r i s i n g l y ,   of  the  anionic   s u r f a c t a n t s  

t e s t e d ,   only  the  alcohol  p o l y e t h o x y l a t e   su l f a t e s   can  be  added  to  

the  c o m p o s i t i o n s   in  s u f f i c i e n t   q u a n t i t y   to  p r o v i d e   the  d e s i r e d  



ef fec t   w i thou t   forming  a  s e p a r a t i n g   phase   or  r e q u i r i n g   the  use  o f  

uneconomica l   amounts   of  compa t ib i l i z i ng   m a t e r i a l s .  

The  speci f ic   alcohol  p o l y e t h o x y l a t e   su l f a t e   s u r f a c t a n t s   r e -  

qu i r e   at  least  about   two  e thoxy   g r o u p s   per  molecule  on  the  a v e r -  

age  to  keep  the  compos i t ion   s ingle   p h a s e .   P r e f e r a b l y   the  d e g r e e  

of  e t h o x y l a t i o n   is  from  abou t   two  to  abou t   t h r e e .  

P r e f e r r e d   alcohol  p o l y e t h o x y l a t e   su l fa te   s u r f a c t a n t s   a r e  

C12-15  alkyl  p o l y e t h o x y l a t e   (2 .2)   su l f a t e   (C12-15  E 2 . 2 S )  

C14-15E2.2S;  C12-13E3S;  C16-18E5S;  C14-15E3S;  and  m i x t u r e s   t h e r e -  

of.  The  sodium,   p o t a s s i u m ,   and  m o n o e t h a n o l a m m o n i u m   s a l t s ,   a n d  

m i x t u r e s   t h e r e o f ,   are  p r e f e r r e d .  

S o a p  

A  d e s i r a b l e   and  p r e f e r r e d   add i t i ona l   i n g r e d i e n t   is  a  C10-18 

fa t ty   acid  soap  hav ing   the  same  cat ion  or  ca t ions   as  the  o t h e r  

an ionic   mate r ia l s   due  to  ion  e x c h a n g e .   This   i n g r e d i e n t ,   at  a  l e v e l  

of  from  about   0.2%  to  abou t   5%,  p r e f e r a b l y   from  about   0.5%  t o  

a b o u t   1%,  p r o v i d e s   c o r r o s i o n   p r o t e c t i o n ,   suds   c o n t r o l ,   and  a d d i -  

t i o n a l  c l e a n i n g   p o t e n t i a l .   C o c o n u t   and  u n s a t u r a t e d   C16-18  s o a p s  
such  as  oleyl  are  p r e f e r r e d   for  so lub i l i t y   r e a s o n s .  

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  compos i t i ons   he re in   also  con ta in   from  abou t   5%  to  a b o u t  

25%,  p r e f e r a b l y   from  abou t   10%  to  about   20%,  by  we igh t   of  a  

w a t e r - s o l u b l 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 ,   or  p o l y p h o s p h a t e  

d e t e r g e n c y   bu i lde r   capab le   of  s e q u e s t e r i n g   calcium  or  m a g n e s i u m  

ions  in  wa te r   s o l u t i o n .  

The  e s sen t i a l   d e t e r g e n c y   b u i l d e r s   of  the  p r e s e n t   i n v e n t i o n  

have  the  abi l i ty  to  s e q u e s t e r   calcium  or  magnes ium  ions  in  w a t e r  

s o l u t i o n ,   and  also  mainta in   or  a s s i s t   in  ma in t a in ing   an  a lka l ine   pH 

in  a  w a s h i n g   so lu t ion .   S e q u e s t r a t i o n   is  the  fo rmat ion   of  c o o r -  

d ina t ion   complexes   with  metall ic  ions  to  p r e v e n t   or  inh ib i t   p r e -  

c ip i t a t ion   or  o ther   i n t e r f e r i n g   r e a c t i o n s .   The  p h e n o m e n o n   is  a l s o  

called  che la t ion   if  c e r t a in   s t r u c t u r a l   c r i t e r i a   are  met  by  t h e  

c o o r d i n a t i o n   c o m p l e x .  

Su i t ab le   p o l y c a r b o x y l a t e   b u i l d e r s   he re in   inc lude   the  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 -  



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

po lyace t a l   p o l y c a r b o x y l a t e s .  

Examples   of  such  p o l y c a r b o x y l a t e   b u i l d e r s   are  sodium  a n d  

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 :   sodium  and  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 :   the  w a t e r - s o l u b l e   sal ts   of  phy t i c   ac id ,   e . g . ,  

sodium  and  p o t a s s i u m   p h y t a t e s ,   d i s c losed   in  U.S .   P a t e n t  

2 , 7 3 9 , 9 4 2 ,   Eckey ,   i s sued   March  27,  1956,  i n c o r p o r a t e d   he re in   b y  

r e f e r e n c e ;   the  p o l y c a r b o x y l a t e   mate r ia l s   d e s c r i b e d   in  U.S.   P a t e n t  

3 ,364 ,103 ,   i n c o r p o r a t e d   he re in   by  r e f e r e n c e ;   and  the  w a t e r -  

so luble   sal ts   of  p o l y c a r b o x y l a t e   po lymers   and  c o p o l y m e r s   d e s c r i b -  

ed   in  U.S .   Pa ten t   3 , 3 0 8 , 0 6 7 ,   Diehl,   i s sued   March  7,  1967,  i n c o r -  

p o r a t e d   he re in   by  r e f e r e n c e .  

Useful  d e t e r g e n t   b u i l d e r s   inc lude   the  w a t e r - s o l u b l e   sal ts   o f  

po lymer ic   a l i pha t i c   p o l y c a r b o x y l i c   acids  hav ing   the  f o l l o w i n g  

s t r u c t u r a l   and  phys ica 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  

we igh t   of  a b o u t   350  c a l c u l a t e d   as  to  the  acid  form;  (b)  an  e q u i -  

v a l e n t   we igh t   of  abou t   50  to  about   80  ca l cu l a t ed   as  to  acid  f o r m ;  

(3)  at  least   45  mole  p e r c e n t   of  the  monomeric   spec ies   having   a t  

l e a s t  t w o   c a r b o x y l   r ad ica l s   s e p a r a t e d   from  each  o the r   by  not  m o r e  

than  two  c a rbon   a toms;   (d)  the  site  of  a t t a c h m e n t   of  the  p o l y m e r  

chain  of  any  c a r b o x y l - c o n t a i n i n g   radical   being  s e p a r a t e d   by  n o t  

more  than   t h r e e   c a r b o n   a toms   along  the  po lymer   chain  from  t h e  

site  of  a t t a c h m e n t   of  the  next   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 .  

Spec i f ic   examples   of  such  b u i l d e r s   are  the  po lymers   and  c o p o l y -  

mers  of  i taconic   ac id ,   acon i t i c   acid,   maleic  ac id ,   mesaconic   a c i d ,  

f umar i c   acid,   m e t h y l e n e   malonic  acid,   and  c i t r a c o n i c   a c i d .  

O t h e r   su i t ab le   p o l y c a r b o x y l a t e   b u i l d e r s   inc lude   the  w a t e r -  

so lub le   sa l t s ,   e spec ia l ly   the  sodium  and  po t a s s ium  sa l t s ,   of  me l l i t i c  

ac id ,   c i t r ic   acid,   py romel l i t i c   ac id ,   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   acid,   c a r b o x y m e t h y l o x y s u c c i n i c   acid,   c a r b o x y m e t h y l -  

oxymalon ic   acid,   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   acid,   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   acid  and  o x y d i s u c c i n i c   a c i d .  

Other   p o l y c a r b o x y l a t e s   for  use  here in   are  the  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.   Pa ten t   4 ,144 ,226 ,   i s sued   March  13, 



1979  to  C r u t c h f i e l d   et  al,  and  U.S .   Pa ten t   4 ,146 ,495 ,   i s sued   M a r c h  

27,  1979  to  C r u t c h f i e l d   et  al,  the  d i s c l o s u r e s   of  which  are  i n -  

c o r p o r a t e d   he re in   by  r e f e r e n c e .   T h e s e   po lyace ta l   c a r b o x y l a t e s  

can  be  p r e p a r e d   by  b r i n g i n g   t o g e t h e r   u n d e r   p o l y m e r i z a t i o n   c o n -  

d i t ions   an  e s t e r   of  g l y o x y l i c   acid  and  a  p o l y m e r i z a t i o n   i n i t i a t o r .  

The  r e s u l t i n g   po lyace ta l   c a r b o x y l a t e   e s t e r   is  then  a t t a c h e d   t o  

chemica l ly   s t ab le   end  g r o u p s   to  s t ab i l i ze   the  po lyace ta l   c a r b o x y -  

late  a g a i n s t   rapid  d e p o l y m e r i z a t i o n   in  a lkal ine   solut ion  and  c o n -  

v e r t e d   to  the  c o r r e s p o n d i n g   s a l t .  

P r e f e r r e d   p o l y c a r b o x y l a t e   b u i l d e r s   for  use  in  the  p r e s e n t  

i n v e n t i o n   are  sodium  and  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 ,   sodium  a n d  

p o t a s s i u m   c i t r a t e ,   and  m i x t u r e s   t h e r e o f .   Sodium  n i t r i l o t r i a c e t a t e  

is  p a r t i c u l a r l y   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   useful   here in   are  d i s c losed   in  U . S .  

Pa t en t   3 ,213 ,030 ,   Diehl,   i s sued   O c t o b e r   19,  1965,  U .S .   P a t e n t  

3 ,433 ,021 ,   Roy,  i s sued   J a n u a r y   14,  1968,  U .S .   Pa ten t   3 , 2 9 2 , 1 2 1 ,  

G e d g e ,   i s sued   J a n u a r y   9,  1969  and  U.S .   Pa t en t   2 , 5 9 9 , 8 0 7 ,   B e r s -  

w o r t h ,   i s sued   June   10,  1952,  all  i n c o r p o r a t e d   he re in   by  r e f e r e n c e .  

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   are  the  sodium  and  p o t a s s i u m  

sal ts   of  e t h y l e n e   d i p h o s p h o n i c   ac id ,   e t h a n e   1 - h y d r o x y - 1 , 1 - d i p h o s -  

phon ic   ac id ,   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   are  the  sodium  a n d  

p o t a s s i u m   sal ts   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  

ac id ,   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   ac id ,   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   ac id ,   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 b n i c   a c i d .  

P o l y p h o s p h a t e s   usefu l   he re in   inc lude   the  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  the  po lymer ic   m e t a p h o s -  

p h a t e s   hav ing   a  d e g r e e   of  p o l y m e r i z a t i o n   of  from  abou t   6  to  21. 

H o w e v e r ,   the  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   tend  t o  

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 .   Since  the  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   but  do  not  s e q u e s t e r   w a t e r - h a r d n e s s   ions,   t h e  

p y r o p h o s p h a t e s   are  the  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   use  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   is  po t a s s ium  p y r o p h o s -  



pha te   s ince  sodium  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  

from  c o n c e n t r a t e d   so lu t i ons   at  low  s t o r a g e   t e m p e r a t u r e s .  
It  is  to  be  u n d e r s t o o d   tha t   while  the  alkali  metal ,   and  p a r -  

t i c u l a r l y   the"  sodium  and  p o t a s s i u m ,   salts   of  the  fo rego ing   i n o r -  

gan ic   and  o r g a n i c   d e t e r g e n c y   b u i l d e r   salts   are  p r e f e r r e d   for  u s e  
he re in   from  economic  and  so lub i l i ty   s t a n d p o i n t s ,   the  a m m o n i u m ,  

a l k a n o l a m m o n i u m ,   e . g . ,   t r i e t h a n o l a m m o n i u m ,   d i e t h a n o l a m m o n i u m ,  

and  the  like,  w a t e r - s o l u b l e   salts   of  any  of  the  f o r e g o i n g   b u i l d e r  

an ions   are  also  useful   h e r e i n .  

W a t e r  

The  compos i t i ons   of  this  i nven t ion   con ta in   up  to  abou t   89% 

w a t e r ,   and  p r e f e r a b l y   conta in   from  abou t   35%  to  abou t   65%  w a t e r .  

Opt ional   H y d r o t r o p e  

The  l iquid  d e t e r g e n t   compos i t i ons   of  this   i n v e n t i o n   are  s t a b l e  

and  i s o t r o p i c .   Those   c o n t a i n i n g   lower  levels  of  wa te r   are  n o t  

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

a p p e a r   to  be  m i c r o e m u l s i o n s   of  an  oil  phase   in  w a t e r ,   the  oil 

p h a s e   c o m p r i s i n g   in te r   alia  the  bulk  of  the  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 .  

The  h y d r o t r o p e s   of  the  p r e s e n t   i nven t ion   are  wa te r   s o l u b l e  

and  p r e f e r a b l y   have  an  HLB  value  above  abou t   14.  S u i t a b l e  

h y d r o t r o p e s   have  s h o r t e r   alkyl  chain  l e n g t h s   than  the  c o r r e s p o n -  

ding  s u r f a c t a n t s   used  as  the  p r inc ipa l   s u r f a c t a n t   in  d e t e r g e n t  

c o m p o s i t i o n s .   For  e x a m p l e ,   the  so lub le   sa l t s ,   p a r t i c u l a r l y   s o d i u m  

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

cumene .   s u l f o n a t e   are  p r e f e r r e d   h y d r o p h i l i c   s t ab i l i z ing   a g e n t s   in  

the  p r a c t i c e   of  the  i n v e n t i o n ;   a  C11-15  a l k y l b e n z e n e   s u l f o n a t e  

t y p i c a l l y   used  in  h o u s e h o l d   d e t e r g e n t   compos i t i ons   is  not  s u i t a b l e .  

The  ca t i ons   are  the  same  as  or  compa t ib le   with  the  anionic   s u r -  

f a c t a n t s .  

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



single  alkyl  g r o u p s   and  d e s i g n a t e d   p r imary   e s t e r s ,   can  have  t h e  

h y d r o p h i l i c   c h a r a c t e r i s t i c s   n e c e s s a r y   to  a s s i s t   in  the  format ion  o f  

an  i s o t r o p i c   liquid  d e t e r g e n t   c o m p o s i t i o n .   Emphos  PS-413  a n d  

PS-236  (Witco  Chemical  Company)   and  Gafac  PE-510  (GAF  C o r p o r -  

at ion)   are  commercia l ly   ava i lab le   p h o s p h a t e   mate r ia l s   s u i t a b l e   a s  

the  h y d r o t r o p e   in  the  p r a c t i c e   of  the  i n v e n t i o n .   P r e f e r r e d   p h o s -  

pha t e   e s t e r s   will  conta in   a  high  p r o p o r t i o n   of  monoalkyl   p h o s p h a t e  

e s t e r s   and  can  be  of  the  type   c o n s i s t i n g   of  the  c o n d e n s a t i o n  

p r o d u c t   of  the  reac t ion   of  R ( O C 2 H 4 ) x O H   and  a  p h o s p h o r i c   o r  

p o l y p h o s p h o r i c   acid,   R  being  an  alkyl  or  alkyl  phenyl   g r o u p ,   s a i d  

alkyl  c o n t a i n i n g   from  about   4  to  abou t   18  ca rbon   atoms  and  x  

being  0  to  20 .  

E t h o x y l a t e d   nonionic   s u r f a c t a n t s   with  a  r e l a t i ve ly   h i g h  

d e g r e e   of  e t h o x y l a t i o n   and  a  c o r r e s p o n d i n g   high  HLB  value  c a n  

find  use  in  the  compos i t ions   of  the  p r e s e n t   i n v e n t i o n .  

M i x t u r e s   of  h y d r o t r o p e s ,   e s p e c i a l l y   m i x t u r e s   of  lower  a l k y l -  

b e n z e n e   s u l f o n a t e s ,   such  as  t o l u e n e   s u l f o n a t e ,   and  p h o s p h a t e  

e s t e r s ,   can  be  u s e d ,   but   p r e f e r a b l y   no  p h o s p h o r u s   is  p r e s e n t .  

The  t y p e s   and  levels  of  h y d r o t r o p e s   needed   to  p r o d u c e   a n  

i so t rop ic   l iquid  d e t e r g e n t   compos i t ion   will  be  d e p e n d e n t   on  t h e  

type   and  level  of  o the r   c o m p o n e n t s ,   p a r t i c u l a r l y   the  e t h o x y l a t e d  

nonionic   s u r f a c t a n t   and  its  e x t e n t   of  water   so lub i l i t y .   A  p r e -  

f e r r e d   level  of  h y d r o t r o p e   is  from  abou t   5%  to  about   16%  by  w e i g h t  

of  the  l iquid  d e t e r g e n t   c o m p o s i t i o n .  

O the r   Opt ional   C o m p o n e n t s  

The  following  i n g r e d i e n t s   can  be  p r e s e n t ,   bu t   d e s i r a b l y   a r e  

not  p r e s e n t ,   e spec ia l ly   in  s u b s t a n t i a l   q u a n t i t i e s .   In  s o m e  

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

can  conta in   up  to  about   10%,  p r e f e r a b l y   to  abou t   5%,  of  a  f a t t y  

acid  amide  s u r f a c t a n t ,   such  as  ammonia  amides ,   m o n o e t h a n o l  

amides ,   d i e thano t   amides ,   and  e t h o x y l a t e d   amides .   P r e f e r r e d  

amides  are  C8-20  monoe thano l   amides ,   Cg-20  d ie thano l   amides ,   a n d  

amides  hav ing   the  f o r m u l a  



where in   R  is  a  C8-20  alkyl  g r o u p ,   and  m i x t u r e s   t h e r e o f .   P a r t i c -  

u la r ly   p r e f e r r e d   amides  are  those   where   the  alkyl  g r o u p   c o n t a i n s  

from  a b o u t   10  to  abou t   16  ca rbon   a toms ,   such  as  coconu t   a l k y l  

monoe thano l   or  d i e thano l   amide.   Such  c o m p o u n d s   are  c o m m e r c i a l l y  

ava i l ab le   u n d e r   the  t r a d e n a m e s   S u p e r - A m i d e   L-9  and  GR,  f r o m  

Onyx  Chemical  C o . ,   J e r s e y   Ci ty ,   NJ,  S u p e r - A m i d e   F-3  f r o m  

Ryco ,   I n c . ,   C o n s h o h o c k e n ,   PA,  and  Gafamide  CDD-518,  a v a i l a b l e  

from  GAF  C o r p . ;   New  Y o r k ,   NY.  

T h e s e   amide  c o m p o n e n t s   can  be  added   to  act  as  suds   m o d i f i -  

e r s .   They   tend  to  boos t   the  s u d s i n g   in  an  ac t ive   sys tem  w h i c h  

e x h i b i t s   r e l a t ive ly   low  s u d s i n g   and  can  d e p r e s s   the  s u d s i n g   i n  

s y s t e m s   which  e x h i b i t   h igh  s u d s i n g .  

The  compos i t i ons   of  the  p r e s e n t   i nven t ion   may  also  c o n t a i n  

add i t i ona l   i n g r e d i e n t s   g e n e r a l l y   found  in  l a u n d r y   d e t e r g e n t   c o m -  

p o s i t i o n s ,   at  t he i r   c o n v e n t i o n a l   a r t - e s t a b l i s h e d   leve ls ,   as  long  a s  

t he se   i n g r e d i e n t s   are  compa t ib l e   with  the  c o m p o n e n t s   r e q u i r e d  

h e r e i n .   For  example ,   the  compos i t i ons   can  con ta in   up  to  a b o u t  

15%,  p r e f e r a b l y   no  more  than  abou t   5%,  and  most  p r e f e r a b l y   f r o m  

about   0.001  to  about   2%,  of  one  or  more  suds   cont ro l   c o m p o n e n t s .  

Typ ica l   suds   con t ro l   a g e n t s   useful   in  the  compos i t i ons   of  t h e  

p r e s e n t   i n v e n t i o n   i n c l u d e ,   but   are  not  limited  to,  those   d e s c r i b e d  

b e l o w .  

Si l icone  suds   cont ro l   a d d i t i v e s   are  d e s c r i b e d   in  U.S.   P a t e n t  

3 , 9 3 3 , 6 7 2 ,   i s sued   J a n u a r y   20,  1976,  Ba r to lo t t a   et  ai,  i n c o r p o r a t e d  

here in   by  r e f e r e n c e .   The  s i l icone  matrial  can  be  r e p r e s e n t e d   b y  

a l k y l a t e d   p o l y s i l o x a n e   ma te r i a l s   such  as  silica  a e r o g e l s   and  x e r -  

ogels   and  h y d r o p h o b i c   s i l icas  of  v a r i o u s   t y p e s .   The  s i l i c o n e  

material   can  be  d e s c r i b e d   as  a  s i loxane   having  the  f o r m u l a :  

where in   x  is  from  abou t   20  to  about   2 ,000 ,   and  R  and   R'  are  e a c h  

alkyl  or  aryl  g r o u p s ,   e spec i a l l y   me thy l ,   e thy l ,   p r o p y l ,   b u t y l ,   a n d  

p h e n y l .   P o l y d i m e t h y l s i l o x a n e s   (R  and  R1  are  me thy l ,   hav ing   a 



molecular   we igh t   within  the  r a n g e   of  from  abou t   200  to  a b o u t  

200,000,   and  h i g h e r ,   are  all  usefu l   as  suds   c o n t r o l l i n g   a g e n t s .  

Add i t iona l   su i t ab le   s i l icone  mat r ia l s   whe re in   the  side  chain  g r o u p s  
R  a n d   R  are  a lkyl ,   a ry l ,   or  mixed  alkyl  and  aryl  h y d r o c a r b y l  

g r o u p s   e x h i b i t   use fu l   suds   c o n t r o l l i n g   p r o p e r t i e s .   Examples   o f  

such  i n g r e d i e n t s   inc lude   d i e t h y l - ,   d i p r o p y l - ,   d i b u t y l - ,   m e t h y l - ,  

e t h y l - ,   p h e n y l m e t h y l   p o l y s i l o x a n e s   and  the  like.  A d d i t i o n a l  

useful   s i l icone  suds   control   a g e n t s   can  be  r e p r e s e n t e d   by  a  

m i x t u r e   of  an  a l k y l a t e d   s i l o x a n e ,   as  r e f e r r e d   to  h e r e i n b e f o r e ,   a n d  

solid  sil ica.   Such  m i x t u r e s   are  p r e p a r e d   by  a f f ix ing   the  s i l i c o n e  

to  the  s u r f a c e   of  the  solid  silica.  A  p r e f e r r e d   si l icone  s u d s  

con t ro l   a g e n t   is  r e p r e s e n t e d   by  a  h y d r o p h o b i c   s i l a n a t e d   ( m o s t  

p r e f e r a b l y   t imethyl   s i l a n a t e d )   silica  hav ing   a  pa r t i c l e   size  in  t h e  

range   from  abou t   10  mil l imicrons  to  20  mil l imicrons  and  a  s p e c i f i c  

s u r f a c e   area  above  abou t   50  m2/gm  in t imate ly   admixed  with  d i -  

methyl  s i l icone  fluid  hav ing   a  molecu la r   we igh t   in  the  r ange   f r o m  

abou t   500  to  abou t   200,000  at  a  we igh t   ratio  of  s i l icone  t o  

s i l a n a t e d   silica  of  from  abu t   19:1  to  abou t   1:2.  The  si l icone  s u d s  

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

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

a c t i ve ,   d e t e r g e n t - i m p e r m e a b l e   c a r r i e r .  

P a r t i c u l a r l y   useful   s u d s   cont ro l   a g e n t s   are  the  s e l f - e m u l s i -  

fying  s i l i c o n e   suds   control   a g e n t s   d e s c r i b e d   in  U.S.   P a t e n t  

4,075,118,   Gault   et  al,  i s sued   F e b r u a r y   21,  1978,  i n c o r p o r t e d  

he re in   by  r e f e r e n c e .   An  example   of  such  a  compound   is  D B - 5 4 4 ,  

commerc ia l ly   ava i lab le   from  Dow  C o r n i n g ,   which  c o n t a i n s   a  s i l o x -  

a n e / g l y c o l   copo lymer   t o g e t h e r   with  solid  silica  and  a  s i l o x a n e  

r e s i n .  

M i c r o c r y s t a l l i n e   waxes   hav ing   a  melting  point   in  the  r a n g e  

from  35°C-115°C  and  a  s a p o n i f i c a t i o n   value  of  less  than  100 

r e p r e s e n t   add i t iona l   examples   of  p r e f e r r e d   suds   cont ro l   c o m p o -  

nen t s   for  use  in  the  s u b j e c t   c o m p o s i t i o n s ,   and  are  d e s c r i b e d   in 

detail   in  U.S.   Pa ten t   4 ,056 ,481 ,   Ta t e ,   i s sued   November   1,  1977, 

i n c o r p o r a t e d   here in   by  r e f e r e n c e .   The  m i c r o c r y s t a l l i n e   waxes   a r e  

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



p r e s e n c e   of  o rgan i c   s u r f a c t a n t s .   P r e f e r r e d   m i c r o c r y s t a l l i n e   w a x e s  

have  a  melt ing  point   from  about   65°C  to  100°C,  a  molecular   w e i g h t  

in  the  r ange   from  400-1,000;   and  a  p e n e t r a t i o n   value  of  at  l e a s t  

6,  m e a s u r e d   at  25°C  by  ASTM-D1321.  Su i tab le   e x a m p l e s  o f   t h e  

above   waxes   inc lude :   m i c r o c r y s t a l l i n e   and  ox id ized   m i c r o c r y s t a l -  

line  p e t r o l e u m   waxes ;   F i s c h e r - T r o p s c h   and  ox id ized   F i s c h e r -  

T r o p s c h   waxes ;   o z o k e r i t e ;   c e r e s i n ;   montan  wax;  b e e s w a x ;   c a n d e -  

lilla;  and  c a r n a u b a   w a x .  

Alkyl  p h o s p h a t e   e s t e r s   r e p r e s e n t   an  add i t iona l   p r e f e r r e d  

suds   con t ro l   a g e n t   for  use  h e r e i n .   These   p r e f e r r e d   p h o s p h a t e  

e s t e r s   are  p r e d o m i n a n t l y   m o n o s t e a r y l   p h o s p h a t e   wh ich ,   in  a d d i t i o n  

t h e r e t o ,   can  conta in   di-   and  t r i s t e a r y l   p h o s p h a t e s   and  m o n o o l e y l  

p h o s p h a t e s ,   which  can  con ta in   di-  and  t r io leyl   p h o s p h a t e s .  

The   alkyl  p h o s p h a t e   e s t e r s   f r e q u e n t l y   conta in   some  t r i a l k y l  

p h o s p h a t e .   A c c o r d i n g l y ,   a  p r e f e r r e d   p h o s p h a t e   e s te r   can  c o n -  

t a in ,   in  add i t ion   to  t h e   monoalkyl   e s t e r ,   e .g .  ,   m o n o s t e a r y l   p h o s -  

p h a t e ,   up  to  abou t   50  mole  p e r c e n t   of  dialkyl  p h o s p h a t e   and  u p  
to  abou t   5  mole  p e r c e n t   of  t r i a lky l   p h o s p h a t e .  

O the r   a d j u n c t   c o m p o n e n t s   which  can  be  inc luded   in  t h e  

c o m p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n   inc lude   an ion ic ,   z w i t t e r i o n i c ,   j 

a m p h o l y t i c   and  ca t ion ic   s u r f a c t a n t s ;   b l each ing   a g e n t s ;   b l e a c h  

a c t i v a t o r s ;   soil  re lease   a g e n t s   ( p a r t i c u l a r l y .  c o p o l y m e r s   of  e t h y l e n e  

t e r e p h t h a l a t e   and  p o l y e t h y l e o e   oxide  t e r e p h t h a l a t e ,   such  a s  

Milease  T  sold  by  ICI,  Uni ted  S t a t e s ,   as  d i s c l o s e d   in  U.S.   P a t e n t  

4 ,132 ,680 ,   Nicol,  i s sued   J a n u a r y   2,  1979,  i n c o r p o r a t e d   he re in   b y  

r e f e r e n c e ) ;   soil  s u s p e n d i n g   a g e n t s ;   c o r r o s i o n   i n h i b i t o r s ;   d y e s ;  

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

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

s o l v e n t s   such  as  ethyl  a lcohol ;   c a r r i e r s ;   o p a c i f i e r s ;   and  the  l i k e .  

The  r e q u i r e d   solut ion  pH  of  from  about   8  to  abou t   13  can  b e  

o b t a i n e d   by  the  use  of  su i t ab l e   a lka l ine   matr ia ls   such  as  s o d i u m  

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

or  p o t a s s i u m   s i l i c a t e s ,   and  the  a l k a n o l a m i n e s .   P a r t i c u l a r l y   p r e -  
f e r r e d   is  monoe thano l   a m i n e .  

P r e f e r a b l y ,   the  compos i t ion   c o n t a i n s   an  optical  b r i g h t e n i n g  

or  w h i t e n i n g   a g e n t .  



Sui t ab le   optical  b r i g h t e n i n g   a g e n t s   i n c l u d e :  

(I)  the  reac t ion   p r o d u c t   of  abou t   one  mole  of  e t h y l e n e   o x i d e  

and  one  mole  of  1 , 2 - b i s ( b e n z i m i d a z o l y l )   e t h y l e n e ,   e . g . ,   N - ( 2 1 -  

h y d r o x y e t h y l ) - 1 , 2 - b i s ( b e n z i m i d a z o l y l   e t h y l e n e ;  

(2)  t e t r a s o d i u m   4 , 4 ' - b i s [ ( 4 " - b i s ( 2 " ' - h y d r o x y e t h y l ) -  

a m i n o - 6 " - ( 3 " ' - s u i f o p h e n y l ) a m i n o - 1 " , 3 " , 5 " - t r i a z i n - 2 " - y l ) -  

a m i n o ] - 2 , 2 ' -   s t i l b e n e d i s u l f o n a t e ;  

(3)  N - ( 2 - h y d r o x y e t h y t - 4 , 4 ' - b i s ( b e n z i m i d a z o l y l ) s t i l b e n e ;  

(4)  d i s o d i u m - 4 - [ 6 ' - s u l f o n a p h t h o ( 1 ' , 2 ' - d ) t r i a z o l - 2 - y l ] - 2 -  

s t i l b e n e s u l f o n a t e ;  

(5)  d i s o d i u m - 4 , 4 ' - b i s [ 6   methyl   e t h a n o l a m i n e ) - 3 - a n i l i n o -  

1 , 3 , 5 - t r i a z i n - 2 " - y l ] - 2 , 2 ' - s t i l b e n e d i s u l f o n a t e ;  

(6)  d i sod ium  4 , 4 ' - b i s [ ( 4 " - ( 2 " ' - h y d r o x y e t h o x y ) - 6 " -  

a n i l i n o - 1 " , 3 " , 5 " - t r i a z i n - 2 " - y l ) a m i n o ] - 2 , 2 ' - s t i l b e n e d i s u l f o n a t e ;  

(7)  1 , 2 - b i s ( 5 ' - m e t h y l - 2 ' - b e n z o x a z o l y l ) e t h y l e n e ;  

(8)  4 - m e t h y l - 7 - d i m e t h y l a m i n o c o u m a r i n ;  

(9)  2 - s t y r y l n a p h t h [ 1 , 2 - d ] o x a z o l e ;  

(10)  the  r eac t ion   p r o d u c t   of  one  mole  of  4 , 4 ' - b i s - ( b e n z -  

imidazolyl)   s t i l bene   with  about   0.5  mole  of  e t h y l e n e   oxide  and  0 . 5  

mole  of  p r o p y l e n e   oxide;   a n d  

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

T h e s e   optical   w h i t e n i n g   a g e n t s   are  used  in  a  level  of  f r o m  

abou t   0.03%  to  abou t   0.8%  a n d   p r e f e r a b l y   at  a  level  of  abou t   0.4% 

by  w e i g h t .  

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

p r e s e n t   i n v e n t i o n ,   s u r f a c t a n t s   add i t i ona l   to  the  e s s e n t i a l   c o m -  

p o n e n t s   will  not  g e n e r a l l y   be  n e c e s s a r y .  

Examples   of  add i t iona l   s u r f a c t a n t   which  can  be  used   in  t h e  

c o m p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n   are  found  in  U.S.   P a t e n t  

3 ,717 ,630 ,   B o o t h ,  i s s u e d   F e b r u a r y   20,  1973,  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 .   Howeve r ,   t h e s e   c o m p o n e n t s   should  be  used  in  a n  

amount   as  to  be  c e r t a in   that   they  will  be  compa t ib l e   with  t h e  

e s s en t i a l   s u r f a c t a n t   s y s t e m .  

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



The  following  nonl imi t ing   examples   i l l u s t r a t e   the  c o m p o s i t i o n s  

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

EXAMPLES 

The  above  compos i t i ons   were  p r e p a r e d   by  mixing  the  i n g r e -  

d i en t s   to  form  s ingle   phase   i so t rop ic   l iqu ids .   The  c o m p o s i t i o n s  

r ema ined   as  s ingle   phase   i so t rop ic   l iquids   d u r i n g   s ta t ic   t e s t i ng   f o r  

one  week  at  the  i nd i ca t ed   t e m p e r a t u r e s .   Howeve r ,   when  q u i c k l y  

f r o z e n ,   only  the  compos i t i ons   of  the  p r e s e n t   i nven t ion   ( i . e . ,  



Examples   1,  11  and  111)  r e t u r n e d   to  s ingle   phase   i so t rop ic   l i q u i d s  

at  all  t hawing   t e m p e r a t u r e s   t e s t e d .  

When  the  level  of  sodium  n i t r i l o t r i a c e t a t e   in  Examples   I,  II 

and  III  is  r e d u c e d   to  abou t   15%,  t h e r e b y   p r o v i d i n g   c o m p o s i t i o n s  

c o n t a i n i n g   a  total  of  abou t   27.6%  by  we igh t   of  the  b u i l d e r   a n d  

s u r f a c t a n t s   h e r e i n ,   the  compos i t i ons   e x h i b i t   even  g r e a t e r   s t a b i l i t y  

in  t ha t   they   also  r e t u r n   to  s ingle   p h a s e   i so t rop i c   l iquids   a f t e r  

being  slowly  f rozen  over  a  per iod   of  s eve ra l   days   and  t h a w e d .  

Other   compos i t i ons   of  the  p r e s e n t   i n v e n t i o n   are  o b t a i n e d  

w h e n   the  sodium  n i t r i l o t r i a c e t a t e   in  Examples   I,  II  and  III  i s  

r e p l a c e d   with  15%  or  20%  of  sodium  or  po t a s s ium  c i t r a t e   or  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 a t e ,   or  with  a  1:1  ratio  mix tu re   of  s o d i u m  

c i t r a t e   and  p o t a s s i u m   p y r o p h o s p h a t e .  



I.  A  s tab le   liquid  d e t e r g e n t   composi t ion   c o m p r i s i n g :  

(a)  from  abou t   3%  to  about   20%  of  an  e t h o x y l a t e d   alcohol  o r  

e t h o x y l a t e d   alkyl  phenol   nonionic   s u r f a c t a n t   of  the  f o r m u l a  

R ( O C 2 H 4 ) n O H ,   w h e r e i n   R  is  se lec ted   from  the  g r o u p   c o n s i s t i n g   o f  

a l ipha t i c   h y d r o c a r b o n   r ad i ca l s   c o n t a i n i n g   from  abou t   8  to  about   15 

ca rbon   atoms  and  alkyl  phenyl   r ad ica l s   in  which  the  alkyl  g r o u p  
con ta in s   from  about   8  to  abou t   12  c a r b o n   a toms,   n  is  from  abou t   3 

to  abou t   9,  and  said  nonionic   s u r f a c t a n t   has  an  HLB  value  o f  

from  abou t   10  to  about   13; 

(b)  from  abou t   2%  to  about   15%  .of  an  amine  oxide  s u r f a c t a n t  

hav ing   the  f o r m u l a  

whe re in   R  is  an  a lky l ,   h y d r o x y a l k y l ,   a l k o x y h y d r o x y p r o p y ) ,  

a l k o x y h y d r o x y e t h y l ,   alkyl-  amido  or  alkyl  c a r b o x y l a t e   radical   in  

which  the  alkyl  and  a lkoxy  p o r t i o n s   conta in   from  abou t   8  to  a b o u t  

18  c a rbon   a toms ,   R 2  a n d   R   are  se lec ted   from  the  g r o u p   c o n s i s -  

ting  of  m e t h y l ,   e t h y l ,   p r o p y l ,   i s o p r o p y l ,   2 - h y d r o x y e t h y l ,   2 - h y -  

d r o x y p r o p y l ,   3 - h y d r o x y p r o p y l ,   or  said  g r o u p s   joined  t o g e t h e r   t o  

form  a  cycl ic   s t r u c t u r e   in  which  the  n i t r o g e n   is  pa r t   of  a  h e t e r -  

ocycl ic   r i ng ,   and  n  is  from  0  to  about   10; 

(c)  from  abou t   1%  to  abou t   10%  of  an  alcohol  p o l y e t h o x y l a t e  

su l f a t e   s u r f a c t a n t   having   the  formula  R4O(C2H4O)mSO3M,   w h e r e i n  
R4  is  an  alkyl  or  h -ydroxya lky l   radical   con t a in ing   from  about   10  to  

a b o u t   18  c a rbon   a toms,   m  is  from  abou t   2  to  abou t   10  and  M  is  a 

compa t ib l e   c a t i o n ;  

(d)  from  about   5%  to  about   25%  of  a  w a t e r - s o l u b l 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   or  p o l y p h o s p h a t e   d e t e r g e n c y   b u i l d e r  

capab le   of  s e q u e s t e r i n g   calcium  and  magnes ium  ions  in  w a t e r  

so lu t ion ;   p r o v i d e d   that   c o m p o n e n t s   ( a ) ,   (b) ,  (c)  and  (d)  t o g e t h -  

er  r e p r e s e n t   less  than  abou t   40%  by  weight   of  the  c o m p o s i t i o n ;  

(e)  from  0%  to  abou t   25%  of  a  h y d r o t r o p e ;  

(f)  up  to  about   89%  wate r ;   said  liquid  d e t e r g e n t   c o m p o s i t i o n  

being  in  i so t rop ic   form  and  having  a  pH  of  from  aoou t   8  to  a b o u t  

13  in  a  0.2%  wate r   solut ion  at  2 0 ° C .  



2.  The  compos i t ion ,   of  Claim  I  w h e r e i n ,   in  the  nonionic   s u r f a c -  

t a n t ,   R  is  a  C10-15  alkyl  g r o u p   and  n  is  from  about   3  to  about   8 .  

3.  The  compos i t ion   of  Claim  1  w h e r e i n   the  amine  oxide  s u r f a c -  

tan t   is  a  C12-16  alkyl  d i m e t h y l a m i n e   o x i d e .  

4.  The  compos i t ion   of  Claim  I  w h e r e i n ,   in  the  alcohol  p o l y -  

e t h o x y l a t e   su l fa te   s u r f a c t a n t ,   m  is  from  about   2  to  about   3 ,  

5.  The  composi t ion   of  Claim  I  w h e r e i n   the  w a t e r - s o l u b l e   d e t e r -  

gency   b u i l d e r   is  sodium  or  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   or  c i t r a t e ,  

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

6.  The  compos i t ion   of  Claim  I  c o m p r i s i n g   from  about   5%  to  a b o u t  

10%  of  an  e t h o x y l a t e d   alcohol  nonionic   s u r f a c t a n t   of  the  f o r m u l a  

R ( O C 2 H 4 ) n O H   whe re in   R  is  a  C10-15  alkyl  g r o u p   and  n  is  f r o m  

abou t   3  to  about   8,  from  about   3%  to  abou t   10%  of  a  C12-16  a l k y l  

d i m e t h y l a m i n e   ox ide ,   and  from  abou t   2%  to  about   6%  of  an  a l c o h o l  

p o l y e t h o x y l a t e   su l fa te   s u r f a c t a n t   of  the  formula  R 4 O ( C 2 H 4 O ) m S O 3 M  

w h e r e i n   R4  is  a  C10-18  alkyl  g r o u p ,   m  is  from  about   2  to  about   3 

and  M  is  sodium  or  p o t a s s i u m .  

7.  The  compos i t ion   of  Claim  6  whe re in   the  b u i l d e r   r e p r e s e n t s  

from  abou t   10%  to  about   20%  by  we igh t   of  the  compos i t ion   and  i s  

s o d i u m '   or  po t a s s ium  n i t r i l o t r i a c e t a t e   or  c i t r a t e ,   or  m i x t u r e s  

t h e r e o f .  

8.  The  composi t ion   of  Cla im  7  w h e r e i n   the  non ion ic ,   amine  o x i d e  

and  p o l y e t h o x y l a t e '   su l fa te   s u r f a c t a n t s   and  the  bu i l de r   t o g e t h e r  

r e p r e s e n t   less  than  about   28%  by  we igh t   of  the  c o m p o s i t i o n .  



9.  The  compos i t ion   of  Claims  1  or  8  compr i s i ng   from  about   5%  t o  

abou t   16%  of  a  h y d r o t r o p e   s e l e c t e d   from  the  g r o u p   c o n s i s t i n g   o f  

sodium  and  p o t a s s i u m   t o l u e n e   s u l f o n a t e ,   xy lene   s u l f o n a t e ,   c u m e n e  

s u l f o n a t e ,   and  m i x t u r e s   t h e r e o f .  
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