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(54)  Method  and  composition  for  reducing  the  strength  of  ice. 

This  invention  is  directed  to  the  reduction  of  the 
strength  of  ice  in  association  with  solid  particulate 
materials,  such  as,  for  example,  coal,  by  applying  to  the 
solid  particulate  material,  prior  to  exposure  to  water 
freezing  conditions,  a  composition  comprising  a  mixture 
of  a  hydrocarbon  liquid  and  an  ethoxylated  aliphatic 
primary  or  secondary  alcohol  containing  1  to  7  oxy- 
ethylene  units  and  7  to  20  carbon  atoms  in  the  alkyl 
portion  thereof.  The  composition  may  also  contain  an 
oil  soluble  alkyl  ether  of  a  glycol  derived  from  ethylene 
oxide  and/or  propylene  oxide  and  containing  from  1 to  3 
oxyalkylene  units. 



BACKGROUND  OF  THE  INVENTION 

T h i s  i n v e n t i o n  i s  d i r e c t e d  t o  r e d u c i n g  t h e  

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

o b t a i n e d   u n d e r  f r e e z i n g   c o n d i t i o n s   by  ice   f o r m a t i o n  

b e t w e e n   p a r t i c l e s .   In  p a r t i c u l a r ,   t h i s   i n v e n t i o n   i s  

d i r e c t e d   to  the  a d d i t i o n   to  the  s u r f a c e   of  s o l i d   i n o r g a n i c  

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

w e a k e n i n g   and  c o l l a p s i n g   of  i n t e r - p a r t i c u l a t e   ice   b o n d s  

t h a t   form  in  the  m a t e r i a l ,   such  w e a k e n i n g   and  c o l l a p s i n g  

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

from  the  w e i g h t   of  a  mass  of  the  p a r t i c l e s .   I n  p a r t i c u l a r ,  

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

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

i s t i c s   under   low  t e m p e r a t u r e   ( i . e . ,   f r e e z i n g )   c o n d i t i o n s .  

There  is  d e s c r i b e d   in  the  l i t e r a t u r e   the  use  o f  

a  number  of  c o m p o s i t i o n s   for   r e d u c i n g   the  i n t e r b o n d i n g  

e f f e c t   of  ice   f o r m a t i o n   b e t w e e n   p a r t i c u l a t e   m a t e r i a l s .  

U.S.  P a t e n t   3 , 7 9 4 , 4 7 2 ,   for   example ,   d e s c r i b e s  

t h a t   c o a l   p a r t i c l e s   a re   p r e v e n t e d   from  f r e e z i n g   t o g e t h e r  

a n d / o r   to  the  s u r f a c e s   of  c o a l   s t o r a g e   c o n t a i n e r s   by  c o a t i n g  

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

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

a  h y d r o c a r b o n   l i q u i d   which  has  e m u l s i f i e d   t h e r e w i t h   from  5 

to  75%  by  w e i g h t   of  an  aqueous   s o l u t i o n   of  a  p o l y h y d r i c  

a l c o h o l .  

The  s o l e   f o r m u l a t i o n   in  the  p a t e n t   is  d e s c r i b e d  

as  c o n t a i n i n g   the  f o l l o w i n g   i n g r e d i e n t s :   50  p e r c e n t   b y  

w e i g h t   of  Fuel   o i l  -   l12  D i e s e l ,   24  p e r c e n t   by  w e i g h t   o f  

e t h y l e n e   g l y c o l ,   24  p e r c e n t   by  w e i g h t   of  wa t e r   and  2  p e r -  

c e n t   by  w e i g h t   of  an  e m u l s i f i e r   which  is  a  50 :50   w e i g h t  



b l e n d   of  n o n y l p h e n o l   r e a c t e d   w i th   9  moles  of  e t h y l e n e -  

ox ide   a n d  p e n t a e r y t h r i t o l   e t h e r i f i e d   wi th   o l e i c   a c i d .  

However,   at   low  t e m p e r a t u r e s   such  an  e m u l s i o n  

has  a  t e n d e n c y   to  s e p a r a t e   i n t o   a  w a t e r   and  an  o i l   p h a s e  

and  thus  become  i n e f f e c t i v e .  

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

t i o n   for   t r e a t i n g   coa l   p a r t i c l e s   to  p r e v e n t   them  f r o m  

f r e e z i n g   t o g e t h e r   c o n t a i n s   the  f o l l o w i n g   i n g r e d i e n t s :  

65  w e i g h t   p e r c e n t   of  f u e l   o i l   and  35  w e i g h t   p e r c e n t   o f  

d i a l k y l   p h e n o l   e t h o x y l a t e .  

However,   such  a  f o r m u l a t i o n   is  u n s u i t a b l e   s i n c e  

the  d i a l k y l   p h e n o l   e t h o x y l a t e   is  not   b i o d e g r a d a b l e   and  . 

t hus ,   r e m a i n s   in  the  e n v i r o n m e n t .  

Thus  a  need  e x i s t s   for   a  f o r m u l a t i o n   for  t r e a t i n g  

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

a d h e s i o n   under   f r e e z i n g   c o n d i t i o n s   which  does  not  c o n t a i n  

w a t e r   and  a  n o n b i o d e g r a d a b l e   m a t e r i a l .  

The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   does  not   c o n -  

t a i n   w a t e r   bu t   does  c o n t a i n   a  b i o d e g r a d a b l e   m a t e r i a l .  

THE  INVENTION 

This  i n v e n t i o n   is  d i r e c t e d   to  c o m p o s i t i o n s   f o r  

the  t r e a t m e n t   of  p a r t i c u l a t e   m a t t e r   s u b j e c t a b l e   to  w a t e r  

f r e e z i n g   c o n d i t i o n s   which  c o m p r i s e s   a  m i x t u r e   of  a  h y d r o -  

c a r b o n   l i q u i d  w h i c h   has  a  s o l i d i f i c a t i o n   or  pour  p o i n t  

not   g r e a t e r   than -18°C and  an  e t h o x y l a t e d   p r i m a r y   or  s e c o n d -  

a ry   a l i p h a t i c   a l c o h o l   c o n t a i n i n g   1  to  7  o x y e t h y l e n e   u n i t s  

and  7  to  20  c a r b o n   atoms  in  the  a l k y l   p o r t i o n   t h e r e o f .  

The  c o m p o s i t i o n   may  a d d i t i o n a l l y   c o n t a i n   an  o i l   s o l u b l e  

a l k y l   e t h e r   of  a  g l y c o l   d e r i v e d   from  e t h y l e n e   oxide   a n d / o r  

p r o p y l e n e   oxide   and  c o n t a i n i n g   from  1  to  3  o x y a l k y l e n e  u n i t s .  



The  h y d r o c a r b o n   l i q u i d   s u i t a b l e   for   use  in  t h i s  

i n v e n t i o n   is  s e l e c t e d   from  one  or  more  l i q u i d   a l i p h a t i c ,  

a r o m a t i c   a n d / o r   n a p h t h e n i c   h y d r o c a r b o n s   which  have  a  

s o l i d i f i c a t i o n   or  pour  p o i n t   at   not  g r e a t e r   than   0 ° F .  

T h e s e  l i q u i d s  i n c l u d e  N o .   2  f u e l  o i l ,   d i e s e l   o i l ,   k e r o -  

sene ,   t u r b o   f u e l ,   and  the  l i k e .   M i x t u r e s   of  h y d r o c a r b o n  

l i q u i d s   may  a l s o   be  u s e d .  

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

a l c o h o l   c o n t a i n i n g   1  to  7  o x y e t h y l e n e  u n i t s   and  7  to  2 0  

c a r b o n   atoms  in  the  a l k y l   p o r t i o n   t h e r e o f   is  of  t h e  

f o l l o w i n g   f o r m u l a :  

w h e r e i n   R  is  an  a l k y l   r a d i c a l   of  7  to  20  c a r b o n   atoms  a n d  

a  is  an  i n t e g e r   of  from  1  to  7.  P r e f e r a b l y ,   the  e t h o x y -  

l a t e d   a l c o h o l   is  a  s e c o n d a r y   a l c o h o l   w h e r e i n   R  is  a l k y l  

of  11  to  15  c a r b o n  a t o m s   and  a  is  3.  M i x t u r e s   of  e t h o x y l a t e d  

a l i p h a t i c   a l c o h o l s   may  a l s o   be  u s e d .  

The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   may  a l s o   c o n t a i n  

an  o i l   s o l u b l e   a l k y l   e t h e r   of  a  g l y c o l   d e r i v e d   f r o m  

e t h y l e n e   ox ide   a n d / o r   p r o p y l e n e   oxide   and  c o n t a i n i n g  

from  1  to  3  o x y a l k y l e n e   u n i t s   and  is  s e l e c t e d   from  one  o r  

more  compounds  of  the  f o l l o w i n g   f o r m u l a e :  

w h e r e i n   R1  is  a l k y l   c o n t a i n i n g   from  1  t o  

6  c a r b o n   a toms,   and  b  is  an  i n t e g e r   of  from  1  to  3 .  

The  p r e f e r r e d   a l k y l   e t h e r   of  a  g l y c o l   is  e t h y l e n e  



g l y c o l   e t h y l e t h e r   and  has  the  f o l l o w i n g   f o r m u l a :  

CH3CH2OCH2CH20H.  This  e t h e r   is  c o m m e r c i a l l y   a v a i l a b l e   u n d e r  

the  d e s i g n a t i o n   C e l l o s o l v e @  S o l v e n t   ( s o l d   by  Union  C a r b i d e  

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

The  m i x t u r e   of  t h i s   i n v e n t i o n   c o n t a i n s   f r o m  

a b o u t   30  to  abou t   95,  p r e f e r a b l y   from  a b o u t   55  to  a b o u t  

85  w e i g h t   p e r c e n t   of  h y d r o c a r b o n   l i q u i d ;   from  abou t   5  t o  

a b o u t   50,  p r e f e r a b l y   from  a b o u t   10  to  abou t   30  w e i g h t  

p e r c e n t   of  the  e t h o x y l a t e d   a l i p h a t i c   a l c o h o l ,   and  when  

used ,   from  a b o u t   3  to  a b o u t   20,  p r e f e r a b l y   from  a b o u t   5 

to  a b o u t   15  w e i g h t   p e r c e n t   of  the   o i l   s o l u b l e   a l k y l  

a r y l   e t h e r .  

The  amount  of  the  c o m p o s i t i o n   of  t h i s   i n v e n t i o n  

which   is  t y p i c a l l y   s u p p l i e d   to  the  i n o r g a n i c   mass  is  a b o u t  

3.0  w e i g h t   p e r c e n t ,   t y p i c a l l y   a b o u t   1.0  w e i g h t   p e r c e n t  

b a s e d   upon  m o i s t u r e   c o n t e n t   in  the  i n o r g a n i c   p a r t i c u l a t e  

mass  b e i n g   t r e a t e d .   L a r g e r   amounts   can  be  employed  b u t  

t hey   a re   not  o r d i n a r i l y   r e q u i r e d .   The  amount  to  use  can  b e  

d e t e r m i n e d   by  m e a s u r i n g   the  m o i s t u r e   c o n t e n t   of  the  i n o r -  

gan ic   p a r t i c u l a t e   mass  (see   e . g . ,   ASTM  D-3302-74 )   a n d  

s u p p l y i n g   to  t h a t   mass,   in  an  u n i f o r m   m a t t e r ,   the  c o m p o s i -  

t i o n   of  t h i s   i n v e n t i o n   in  the  amount  which  t e s t   da t a   shows  

to  p r o v i d e   the  d e s i r e d   amount  of  f r a g i l e n e s s   (or  b r i t t l e n e s s )  

to  the  p a r t i c u l a t e   mass  when  b r o u g h t   to  a  f r o z e n   s t a t e .  

V a r i o u s   methods   may  be  used  to  s u p p l y   the  com- 

p o s i t i o n s   of  t h i s   i n v e n t i o n   to  the  p a r t i c u l a t e   mass.   S t a n -  

dard   t r e a t i n g   p r o c e d u r e s   employed   in  the  a r t   for   s p r a y i n g  

a  l i q u i d   u n i f o r m l y   onto   a  p a r t i c u l a t e   mass  may  be  e m p l o y e d .  

For  example ,   the  c o m p o s i t i o n   may  be  s p r a y e d   a c r o s s   a  z o n e  

t h r o u g h   which  a  s t r e a m   of  the  p a r t i c l e s   to  be  t r e a t e d   i s  



p a s s e d .   A  p a r t i c u l a r  i l l u s t r a t i o n   of  t h i s   would  be  t o  

p l a c e   an  a n n u l a r   tube  above  a  hopper   c a r  t h a t   is  b e i n g  

l o a d e d   wi th   the  p a r t i c u l a t e   mass.   The  tube  c o n t a i n s   a  

m u l t i p l i c i t y   of  sp ray   heads   aimed  a t   the  i n t e r i o r   a r e a  

c i r c u m s c r i b e d   by  the  tube  and  the  tube  a c t s   as  a  m a n i f o l d  

for   the  s o l u t i o n   fed  to  the  s p r a y   h e a d s .   The  s o l u t i o n   o f  

the  c o m p o s i t i o n   is  fed  to  the  tube  a t   a  r a t e   to  s u p p l y  

the  d e s i r e d   amount  of  the  c o m p o s i t i o n   on  the  p a r t i c u l a t e  

mass  to  be  t r e a t e d .   The  mass  of  p a r t i c u l a t e s   a re   f e d  

t h r o u g h   the  tube  i n t o   the  hopper   c a r .   A n o t h e r   t e c h n i q u e  

i n v o l v e s   s p r a y i n g   the  top  of  a  mass  of  the  p a r t i c l e s   a n d  

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

cove r   p a r t i c l e s   a t   the   b o t t o m   as  w e l l .  

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

onto  a  t r o u g h   which  f eeds   the  p a r t i c l e s   to  a  hopper   car  o r  

to  a  s t o r a g e   f a c i l i t y .   While  the  p a r t i c l e s   run  down  t h e  

t r o u g h   they   a re   s p r a y e d   w i t h   a  s o l u t i o n   of  the  c o m p o s i t i o n  

of  t h i s   i n v e n t i o n .  

EXAMPLES 

The  f o l l o w i n g   examples   s e r v e   to  g ive   s p e c i f i c  

i l l u s t r a t i o n s   of  the  p r a c t i c e   of  t h i s   i n v e n t i o n   but   t h e y  

a re   not   i n t e n d e d   in  any  way  to  l i m i t   the  scope   of  t h i s  

i n v e n t i o n .  

PREPARATION  AND  TESTING  OF 
PACKED  COAL  SPECIMENS 

The  e f f e c t   of  m o i s t u r e   c o n t e n t   on  the  c o m p r e s s i v e  

s t r e n g t h   of  f r o z e n   p a r t i c u l a t e   masses   of  c o a l   was  demon-  

s t r a t e d .   The  c o a l   employed  was  3/8  inch   ( p a s s e d   3/8  i n c h  

mesh;  0 .9525   cm  mesh)  E a s t e r n   b i t u m i n o u s   type  c o a l .  

A  350  gram  sample   of  the  dry  coa l   is  p l a c e d   i n  

a  o n e - l i t e r   b e a k e r .   The  m o i s t u r e   c o n t e n t   of  the  c o a l   i s '  



a d j u s t e d   to  8  p e r c e n t   by  the  a d d i t i o n   of  30.4  grams  of  w a t e r .  

The  p r e p a r e d   t r e a t i n g   s o l u t i o n   is  a p p l i e d   d r o p w i s e   u n i -  

fo rmly   a c r o s s   the  sample  s u r f a c e   wi th   a  l a b o r a t o r y   s y r i n g e  

and  is  b l e n d e d   w i th   a  s p a t u l a   u n t i l   s o l u t i o n   and  c o a l  

a p p e a r   u n i f o r m l y   mixed.   The  m o i s t e n e d   c o a l   is  q u i c k l y  

p l a c e d   in  a  mold  ( to   p r e v e n t   e v a p o r a t i o n   l o s s e s )   and  a  

1 3 . 6 3 5 - p o u n d   s t e e l   w e i g h t   (6 ,185   grams)  h a v i n g   an  o u t s i d e  
61  mm 

d i a m e t e r   of  is  i n s e r t e d   i n t o   the  top  of  t h e  

mold  and  a l l o w e d   to  compress   the  sample .   The  w e i g h t e d ,  

c o a l - f i l l e d   mold  is  then  p l a c e d   on  a  l a b o r a t o r y   s h a k e r  

and  v i b r a t e d   for  one  m i n u t e .   The  6 ,185   gram  w e i g h t   i s  

d e s i g n e d   to  s i m u l a t e   the  c o m p r e s s i v e   f o r c e s   e x e r t e d   on  

the  b o t t o m   of  a  c o a l   car   by  an  e i g h t - f o o t   h igh   column  o f  
1 .917   N /cm 

c o a l  

The  top  of  each  c o n t a i n e r   is  s e a l e d   w i th   a l u m i n u m  

f o i l   to  p r e v e n t   m o i s t u r e   l o s s .   Each  spec imen   is  then  c o n -  

d i t i o n e d   at   room  t e m p e r a t u r e   for   abou t   four   hours   t o  

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

on  the  c o a l .   I t   is  then   p l a c e d   in  a  m e c h a n i c a l   f r e e z e r  

o p e r a t i n g   at -12.5+1°C  for   18-24  h o u r s .  

(The  mold  is  a  c y l i n d e r   f a b r i c a t e d   from  s p l i t  

2  1/2  inch   (63.5  mm)  i n s i d e   d i a m e t e r   a luminum  t u b i n g   w h i c h  

is  6.0  i n c h e s   (152 .4   mm)  h i g h .   The  b o t t o m   is  s e a l e d   w i t h  

an  a luminum  p lug   f i t t e d   w i th   an  "0"  r i n g   and  the  l o n g i t u -  

d i n a l   seams  a re   made  m o i s t u r e - t i g h t   by  a p p l y i n g   a  t h i n  

f i l m   of  a  n o n h a r d e n i n g   g a s k e t   s e a l e r .   The  mo ld ' s   i n n e r  

s u r f a c e s   a re   c o a t e d   w i t h   a  mold  r e l e a s e   a g e n t   (such  as  a  

n o n i n t e r f e r i n g   s i l i c o n   or  t e f l o n - b a s e d   m a t e r i a l )   and  t h e  

e n t i r e   a s s e m b l y   is  h e l d   t o g e t h e r   w i th   two  s t a n d a r d  7 6  m m  

d i a m e t e r   worm  d r i v e   hose  c l a m p s . )  

A  spec imen   is  removed  from  the  f r e e z e r   and  q u i c k l y  

b u t   g e n t l y   opened  and  s e p a r a t e d   from  the  f r o z e n   c o a l .   The  



c o m p r e s s i v e   s t r e n g t h   of  the  coa l   is  p r o m p t l y   d e t e r m i n e d  

u s i n g   an  I n s t r o n   Model  TTC  p h y s i c a l   t e s t i n g   mach ine .   The 

spec imen   is  p l a c e d   b e t w e e n   p a r a l l e l   s t a i n l e s s   s t e e l   p l a t e n s  

c o n n e c t e d   to  the  I n s t r o n ' s   10 ,000  pound  (4 ,500   k g )  

load  c e l l ,   and  the  p l a t e s   a re   c l o s e d   by  an  e l e c t r i c   d r i v e  

at   a  c o n s t a n t   r a t e   of  2.5  i n c h e s   ( 6 . 3 5   cm)  per  m i n u t e .  

The  pounds  f o r c e   r e q u i r e d   to  c r u s h   the  spec imen   is  r e -  

c o r d e d .   The  c r u s h i n g   f o r c e   is  c o n v e r t e d   to  pounds  p e r  

s q u a r e   inch  ( p s i ) ,   i . e . ,   the  c r u s h i n g   s t r e s s   by  d i v i d i n g  

i t   by  4 .909  s q u a r e   i n c h e s ,   the  c r o s s   s e c t i o n a l   a r ea   of  t h e  

spec imen ,   a c c o r d i n g   to  the  f o l l o w i n g   e q u a t i o n :  

C r u s h i n g   s t r e s s   ( p s i )  -   C r u s h i n g   f o r c e   ( p o u n d s )  
4 .909   i n .  )  

C o n t r o l   A 

K e r o s e n e   was  added  in  amounts   of  0 .198   m i l l i -  

l i t e r s   ( e q u i v a l e n t   to  one  p i n t / t o n   of  c o a l ) ,   0 .396   m i l l i -  

l i t e r s   ( e q u i v a l e n t   to  two  p i n t s / t o n   of  c o a l ) ,   and  0 . 5 9 5  

m i l l i l i t e r s   ( e q u i v a l e n t   to  t h r e e   p i n t s / t o n   of  c o a l )   to  t h e  

mold  c o n t a i n i n g   c o a l   and  t r e a t e d   and  t e s t e d   as  d e s c r i b e d  

in  the  P r e p a r a t i o n   and  T e s t i n g   of  Packed  Coal  S p e c i m e n s ,  

s u p r a .  

The  c r u s h i n g   s t r e s s   is  se t   f o r t h   in  the  T a b l e .  

The  n u m e r i c a l   v a l u e   of  the  c r u s h i n g   s t r e s s   is  the  a v e r a g e  

of  the  number  of  s p e c i m e n s   t e s t e d ,   and  is  s e t   f o r t h   in  t h e  

Tab l e .   The  Table  a l s o   shows  the  p e r c e n t   r e d u c t i o n   of  t h e  

c r u s h i n g   s t r e s s   of  the  t r e a t i n g   m a t e r i a l   as  compared  t o  

t h a t   of  u n t r e a t e d   c o a l   ( c o n t a i n i n g   8  p e r c e n t   wa t e r   and  p r e -  

p a r e d   as  d e s c r i b e d   in  the  P r e p a r a t i o n   and  T e s t i n g   of  P a c k e d  
175.8   N/cm 

Coal  Spec imens ,   s u p r a ) ,   which  i s   (based   on  t h e  

a v e r a g e   of  86  spec imens   t e s t e d ) .  



C o n t r o l   B 

The  p r o c e d u r e   of  C o n t r o l   A  was  e x a c t l y   r e p e a t e d  

e x c e p t   t h a t   the  t r e a t i n g   s o l u t i o n   was  a  c o m m e r c i a l l y  

a v a i l a b l e   m a t e r i a l   ( m a n u f a c t u r e d   by  Nalco  Chemica l   C o r p o r -  

a t i o n   under   the  t r a d e m a r k   N a l c o a l   8894)  of  a  m i x t u r e   o f  

65  p e r c e n t   k e r o s e n e   and  35  p e r c e n t   of  d i a l k y l   p h e n o l  

e t h o x y l a t e   of  the  f o l l o w i n g   f o r m u l a :  

w h e r e i n  R 2   and  R3  a r e   a l k y l   g r o u p s .  

The  r e s u l t s   a re   shown  in  the  T a b l e .  

Example  1 

The  p r o c e d u r e   of  C o n t r o l   A  was  e x a c t l y   r e p e a t e d  

e x c e p t   t h a t   the  t r e a t i n g   s o l u t i o n   was  a  m i x t u r e   of  80  p e r -  

c e n t   k e r o s e n e   and  20  p e r c e n t   of  an  e t h o x y l a t e d   a l c o h o l   o f  

the   f o l l o w i n g   f o r m u l a :  

w h e r e i n   R4  is  11  to  15  c a r b o n   a t o m s .  

The  r e s u l t s   a re   shown  in  the  T a b l e .  

Example  2 

The  p r o c e d u r e   of  C o n t r o l   A  was  e x a c t l y   r e p e a t e d  

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

70  p e r c e n t   k e r o s e n e ,  

10  p e r c e n t   CH3CH20CH2CH20H,  a n d  

20  p e r c e n t  



w h e r e i n   R4  is  11  to  15  c a rbon   a t o m s .  

The  r e s u l t s   a re   shown  in  the  T a b l e .  

The  da ta   in  the  Table  show  t h a t   the  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   a re   e f f e c t i v e   in  r e d u c i n g   the  s t r e n g t h  

of  ice   in  a s s o c i a t i o n   wi th   c o a l .  





1.  A  c o m p o s i t i o n   for   the  t r e a t m e n t   of  p a r t i -  

c u l a t e   m a t t e r   s u b j e c t a b l e   to  wa t e r   f r e e z i n g   c o n d i t i o n s  

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

has  a  s o l i d i f i c a t i o n   or  pour  p o i n t   not  g r e a t e r   t h a n  - 1 8 ° C  

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

c o n t a i n i n g   1  to  7  o x y e t h y l e n e   u n i t s   and  7  to  20  c a r b o n  

atoms  in  the  a l k y l   p o r t i o n   t h e r e o f .  

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

the  h y d r o c a r b o n   l i q u i d   is  s e l e c t e d   from  No.  2   f u e l   o i l ,  

d i e s e l   o i l ,   k e r o s e n e   or  t u r b o   f u e l .  

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

the  e t h o x y l a t e d   a l c o h o l   is  of  the  f o l l o w i n g   f o r m u l a :  

w h e r e i n   R  is  an  a l k y l   r a d i c a l   of  7  to  20  c a r b o n  

atoms  and  a  is  an  i n t e g e r   of  from  1  to  7 .  

4.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   3,  w h e r e i n  

R  is  an  a l k y l   r a d i c a l   of  11  to  15  c a r b o n   atoms  and  a  is  3 .  

5.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   1,  w h i c h  

c o n t a i n s   an  o i l   s o l u b l e   a l k y l   e t h e r   of  a  g l y c o l   d e r i v e d   from 

e t h y l e n e   oxide   a n d / o r   p r o p y l e n e   oxide   and  c o n t a i n i n g   f r o m  

1  to  3  o x y a l k y l e n e   u n i t s .  

6.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   5,  w h e r e i n  

the  a l k y l   e t h e r   is  s e l e c t e d   from  one  or  more  compounds  o f  

the  f o l l o w i n g   f o r m u l a e :  



w h e r e i n   R1  is   a l k y l   c o n t a i n i n g   f rom  1  to  6  c a r -  

bon  atoms  and  b  i s  a n   i n t e g e r   of  from  1  to  3 .  

7.  A  c o m p o s i t i o n   a s   d e f i n e d   i n   c l a i m   6,  w h e r e i n  

the  a l k y l   e t h e r   has  the  f o l l o w i n g   f o r m u l a :  

8.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   1  w h i c h  

c o n t a i n s   from  a b o u t   30  to  a b o u t   95  w e i g h t   p e r c e n t   of  t h e  

h y d r o c a r b o n   l i q u i d .  

9.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   1  w h i c h  

c o n t a i n s   from  a b o u t   5  to  a b o u t   50  w e i g h t   p e r c e n t   of  t h e  

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

10.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   5  w h i c h  

c o n t a i n s   from  abou t   3  to  a b o u t   20  w e i g h t   p e r c e n t   of  t h e  

o i l   s o l u b l e   a l k y l   e t h e r .  

11.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   1  w h i c h  

c o n t a i n s   from  a b o u t   55  to  a b o u t   85  w e i g h t   p e r c e n t   of  a  

h y d r o c a r b o n   f l u i d   s e l e c t e d   from  No .  2   f u e l   o i l ,   d i e s e l  

o i l ,   k e r o s e n e ,   or  t u r b o   f u e l ,   from  a b o u t   5  to  a b o u t   50  

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

s e c o n d a r y   a l c o h o l  c o n t a i n i n g   1  to  7  o x y e t h y l e n e   u n i t s   a n d  

7  to  20  c a r b o n   atoms  in  the  a l k y l   p o r t i o n   t h e r e o f ,   a n d  

from  a b o u t   5  to  a b o u t   15  w e i g h t   p e r c e n t   of  an  o i l   s o l u b l e  

a l k y l   e t h e r   of  a  g l y c o l   d e r i v e d   from  e t h y l e n e   oxide   a n d / o r  

p r o p y l e n e   ox ide   and  c o n t a i n i n g   from  1  to  3  o x y a l k y l e n e   u n i t s .  

12.  The  p r o c e s s   of  t r e a t i n g   i n o r g a n i c   p a r t i c u l a t e  

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

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

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

w h i c h   has  a  s o l i d i f i c a t i o n   or  pour  p o i n t   not   g r e a t e r   t h a n  
-18  C 

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



hol   c o n t a i n i n g   1  to  7  o x y e t h y l e n e   u n i t s   and  7  to  20  c a r b o n  

atoms  in  the  a l k y l   p o r t i o n   t h e r e o f .  

13.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   12  w h e r e i n  

the  h y d r o c a r b o n   l i q u i d   is  s e l e c t e d   from  No.  2   f u e l   o i l ,  

d i e s e l   o i l ,   k e r o s e n e   or  t u r b o   f u e l .  

14.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a im   12 

w h e r e i n   the  e t h o x y l a t e d   a l c o h o l   is  of  the  f o l l o w i n g  

f o r m u l a :  

w h e r e i n   R  is  an  a l k y l   r a d i c a l   of  7  to  20  c a r b o n  

atoms  and  a  is  an  i n t e g e r   of  from  1  to  7 .  

15.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a im   14  w h e r e i n  

R  is  an  a l k y l   r a d i c a l   of  11  to  15  c a r b o n   atoms  and  a  is  3 .  

16.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   12,  w h i c h  

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

from  e t h y l e n e  o x i d e   a n d / o r   p r o p y l e n e   oxide   and  c o n t a i n i n g  

from  1  to  3  o x y a l k y l e n e   u n i t s .  

17.  A  c o m p o s i t i o n   as   d e f i n e d   in  c l a i m   16,  w h e r e i n  

the  a l k y l   e t h e r   is  s e l e c t e d   from  one  or  more  compounds  o f  

the  f o l l o w i n g   f o r m u l a e :  

w h e r e i n   R1 is  a l k y l   c o n t a i n i n g   from  1  t o  

6  c a r b o n   atoms  and  b  is  an  i n t e g e r   of  from  1  to  3 .  

18.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   17,  w h e r e i n  

the  a l k y l   e t h e r   has  the  f o l l o w i n g   f o r m u l a :  



1 9 .  A   c o m p o s i t i o n   as  d e f i n e d   in  c l a im   12  w h i c h  

c o n t a i n s   from  abou t   30  to  abou t   95  w e i g h t   p e r c e n t   of  t h e  

h y d r o c a r b o n   l i q u i d .  

20.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   12  w h i c h  

c o n t a i n s   from  abou t   5  to  abou t   50  w e i g h t   p e r c e n t   of  t h e  

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

21.  A  c o m p o s i t i o n   as  d e f i n e d   in  c l a i m   16  w h i c h  

c o n t a i n s   from  a b o u t   3  to  abou t   20  w e i g h t   p e r c e n t   of  t h e  

o i l   s o l u b l e   a l k y l   e t h e r .  
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