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@  Fatty  acid  esters  of  phenol  derivative  alkoxylates  and  their  use  as  fiber  finish  components. 

A  fatty  acid  ester  of  alkoxylated  phenol  derivatives 
provides  an  effective  fiber  lubricant  when  applied  pure  or 
in  a  water  emulsion. 



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

f a t t y   a c i d   e s t e r   of  an  a l k o x y l a t e d   p h e n o l   d e r i v a t i v e ,   w h i c h  

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

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

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

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

v i s c o s i t y   and  l u b r i c i t y .  

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

c o n s i s t s   of  a  b a s e   m a t e r i a l ,   or  l u b r i c a n t ,   such   as  m i n e r a l  

o i l ,   a l k y l   e s t e r s   o f  f a t t y   a c i d s  o r   v e g e t a b l e   o i l s ;   e m u l s i -  

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

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

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

A  f i b e r   l u b r i c a n t   i s   c r i t i c a l   to  t he   c o n v e r s i o n   o f  

n y l o n   or  p o l y e s t e r   f i b e r   i n t o   u s e f u l   y a r n   f o r   t e x t i l e  

m a n u f a c t u r i n g .   The  f i b e r   l u b r i c a n t   has  s e v e r a l   f u n c t i o n s .  

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

may  p r o t e c t   the   newly   spun   f i b e r  f r o m  f u s i o n  o r  b r e a k a g e   b y  

c o n t r o l l i n g   the   y a r n - t o - m e t a l   f r i c t i o n   at  f r i c t i o n a l   c o n t a c t  

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



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

f r i c t i o n   d i s c s .   The  l u b r i c a n t   a l s o   f u n c t i o n s   to  p r o v i d e  

y a r n   c o h e s i o n   g i v i n g   s t r e n g t h   to  the   y a r n   by  h o l d i n g   t h e  

ya rn   b u n d l e d   t o g e t h e r   and  by  a l l o w i n g   the   y a r n   to  b u i l d   up  

an  a c c e p t a b l e   p a c k a g e   at  the   end  of  p r o c e s s i n g .   S t a t i c  

e l e c t r i c i t y   t h a t   is  fo rmed   as  the  y a r n   r a p i d l y   moves  t h r o u g h  

the   p r o c e s s i n g   e q u i p m e n t   would  a l s o   be  c o n t r o l l e d .   T h e  

l u b r i c a n t   must  a l s o   p r o t e c t   m a c h i n e   s u r f a c e s   from  w e a r .  

U.S.   4 , 1 6 5 , 4 0 5   d i s c l o s e s   f i b e r   l u b r i c a n t s   b a s e d  

upon  f a t t y   e s t e r s   of  h e t e r i c   p o l y o x y a l k y l a t e d   a l c o h o l s  

w h e r e i n   m o n o n u c l e a r ,   m o n o f u n c t i o n a l   i n i t i a t o r s   a re   a l k o x y -  

l a t e d   and  t hen   e s t e r i f i e d .   U.S  4 , 1 2 7 , 4 9 0   r e l a t e s   t o  

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

minor   amount   of  a  s t a b i l i z e r ,   s a i d   s t a b i l i z e r   b e i n g   t h e  

r e a c t i o n   p r o d u c t   of  one  mole  of  d i c y c l o p e n t a d i e n e   and  a t  

l e a s t   one  mole  of  p - c r e s o l ,   f u r t h e r   r e a c t e d   w i t h   at  l e a s t  

o n e - h a l f   mole  of  i s o b u t y l e n e .   U.S.   4 , 1 3 4 , 8 4 1   r e l a t e s   to  a 

f i b e r   l u b r i c a n t   which   is  a  c o m p o s i t i o n   c o m p r i s i n g   a  n o n -  

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

U.S.  4 , 2 5 2 , 5 2 8   r e l a t e s   to  a  s p i n   f i n i s h   fo r   s y n t h e t i c   f i b e r s  

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

from  an  e t h y l e n e   o x i d e - p r o p y l e n e   o x i d e   b l o c k   c o p o l y m e r  

a d d u c t   of  an  a l k y l a t e d   p h e n o l .   U.S.   3 , 5 7 8 , 5 9 4   r e l a t e s   to  a  

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

90  p e r c e n t   to  a b o u t   25  p e r c e n t   by  w e i g h t   of  at  l e a s t   o n e  



e s t e r   of  an  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  a b o u t   1 0  

p e r c e n t   to  a b o u t   75  p e r c e n t   by  w e i g h t   of  at  l e a s t   one  e s t e r  

of  an  e t h o x y l a t e d   a r y l p h e n o l .   The  e x a m p l e s   r e l a t e   to  a -  

m e t h y l   b e n z y l   p h e n o l   or  b i s   @-methyl   b e n z y l   p h e n o l   as  t h e  

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

m e n t i o n e d   above   is  t h a t   t h e y   a re   no t   d i s c l o s e d   as  b e i n g  

c a p a b l e   of  b e i n g   used   a l o n e   or  in  a  w a t e r   e m u l s i o n   as  a  

f i b e r   l u b r i c a n t   f o r m u l a t i o n .   None  of  the  above   r e f e r e n c e s  

d i s c l o s e s   the   use  as  a  f i b e r   l u b r i c a n t   of  the   p r o d u c t s   o f  

a p p l i c a n t s '   i n v e n t i o n ,   nor   do  t h e y   s u g g e s t   the   use  o f  

a p p l i c a n t s '   p r o d u c t   a l o n e   or  as  a  w a t e r   e m u l s i o n .  

A  p u r p o s e   of  the   i n v e n t i o n   was  to  p r o v i d e   a  f i b e r  

l u b r i c a n t   wh ich   may  be  used   by  i t s e l f   in  p u r e   form  as  a  

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

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

fo r   use  as  a  f i b e r   l u b r i c a n t   f o r m u l a t i o n .  

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

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

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

c a t i o n   p r o p e r t i e s ,   and  w h i c h   when  a p p l i e d   to  a  f i b e r ,   as  a  

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

and  l u b r i c i t y .   The  f i b e r   l u b r i c a n t   is  u s e f u l   a s  a   f i b e r  

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

n y l o n   f i b e r   d u r i n g   a  d r a w i n g   and  t e x t u r i n g   o p e r a t i o n .   T h e  



f i b e r   l u b r i c a n t   f o r m u l a t i o n   is  used  in  a  p r o c e s s   of  l u b r i -  

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

l u b r i c a n t   to  the   f i b e r   in  an  amount   b e t w e e n   0 .05   p e r c e n t   by  

w e i g h t   and  5  p e r c e n t   by  w e i g h t ,   b a s e d   on  the   w e i g h t   of  t h e  

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

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  



w h e r e i n   A  is  an  o x y a l k y l e n e   r a d i c a l   h a v i n g   2  c a r b o n   a toms   t o  

4  c a r b o n   a toms   or  m i x t u r e s   t h e r e o f ,   R  is  h y d r o g e n   or  a c y l  

c o n t a i n i n g   f rom  8  c a r b o n   a toms  to  22  c a r b o n   a t o m s ,   R'  i s  

a l k y l   c o n t a i n i n g   from  1  c a r b o n   a tom  to  10  c a r b o n   a t o m s ,   R ' '  

is  a l k y l   c o n t a i n i n g   from  1  c a r b o n   atom  to  22  c a r b o n   a t o m s ,  

R ' ' '   is  a l k y l   c o n t a i n i n g   f rom  4  c a r b o n   a toms   to  8  c a r b o n  

a toms  and  R ' ' ' '   is  R "   or  R ' ' ' ,   X  is  an  a l k y l i d e n e   r a d i c a l  

c o n t a i n i n g   f rom  1  c a r b o n   atom  to  3  c a r b o n   a toms   and  n  is  a n  

i n t e g e r   such   t h a t   the   m o l e c u l a r   w e i g h t   of  the   compound  i s  

b e t w e e n   500  and  2500  a n d , w i t h   the   p r o v i s o   t h a t   e i t h e r   R ' '   o r  

R ' ' '   is  o r t h o   to  the   o x y g e n   in  f o r m u l a   I I I .   In  p r e f e r r e d  

e m b o d i m e n t s   the   o x y a l k y l e n e   r a d i c a l   is  o x y e t h y l e n e   or  a  

m i x t u r e   of  o x y e t h y l e n e   and  up  to  50  p e r c e n t   by  w e i g h t   of  a n  

o x y a l k y l e n e   r a d i c a l   h a v i n g   3  c a r b o n   a toms  to  4  c a r b o n   a t o m s  

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

e n a b l e   i t   to  s e l f   e m u l s i f y  i n   w a t e r .  

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

p r e p a r e d   f rom  t h r e e   e s s e n t i a l   i n g r e d i e n t s ,   i . e . ,   c e r t a i n  

p h e n o l   d e r i v a t i v e s ,   a l k y l e n e   o x i d e s   and  f a t t y   a c i d s .  



U s e f u l   as  the  p h e n o l   d e r i v a t i v e s   a re   c o m p o u n d s  

s e l e c t e d   from  the  g roup   c o n s i s t i n g   of  the   f o l l o w i n g   f o r m -  

u l a s :  

w h e r e i n   X,  R ' ,   R ' ' ,   R ' ' '   and  R ' ' ' '   a re   as  d e s c r i b e d   a b o v e .  

E x a m p l e s   of  X  a re   a l k y l i d e n e   r a d i c a l s   such   as  m e t h y l e n e ,  

e t h y l e n e   and  p r o p y l i d e n e .   E x a m p l e s   of  R'  and  R ' '   a r e   m e t h y l  



and  i s o b u t y l .   E x a m p l e s   of  R ' ' '   and  R ' ' ' '   a re   b u t y l   a n d  

o c t y l .   P r e f e r a b l y   used   as  the  p h e n o l   d e r i v a t i v e   o f  

f o r m u l a   V  is   a  compound  w h e r e i n   X  i s  

as  the   p h e n o l   d e r i v a t i v e   of  f o r m u l a   V I  i s   a  compound  w h e r e i n  

x  i s  

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

w h e r e i n   R ' '  i s   C4H9-,   R ' ' '   i s  C 8 H 1 7 -   and  R ' ' ' '  

is  C 8 H 1 7 -   or  C4H9-  or  a  compound  w h e r e i n   R ' '  

is  C4H9- ,   R ' ' '   is  C4H9-  and  R ' ' ' '   is  CH3-  and  a s  t h e  

p h e n o l  d e r i v a t i v e  o f   f o r m u l a   VI I I   is  a  compound  w h e r e i n   X  i s  

R'  is  CH3-  and  R "   is  C 4 H 9 - .  

U s e f u l   as  a l k y l e n e   o x i d e s ,   f r o m  w h i c h   the   o x y -  

a l k y l e n e   r a d i c a l   d e r i v e s ,   a re   a l k y l e n e   o x i d e s   c o n t a i n i n g   2 

c a r b o n   a toms   to  4  c a r b o n   a t o m s  s u c h   as  e t h y l e n e  o x i d e ,  



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

e m b o d i m e n t   is  e t h y l e n e   o x i d e   or  a  m i x t u r e   of  e t h y l e n e   o x i d e  

and  o t h e r   a l k y l e n e   o x i d e s   which   when  used   in  a  m i x t u r e   w i t h  

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

e m u l s i f y   the  compound .   In  l i e u   of  the   o t h e r   a l k y l e n e  

o x i d e s ,   o t h e r   3  or  4 - c a r b o n   c y c l i c   e t h e r s   such  a s  

t e t r a h y d r o f u r a n ,   o x e t a n e ,   and  m e t h y l   o x e t a n e   may  be  u s e d .  

P r e f e r a b y   used  a re   m i x t u r e s   of  e t h y l e n e   o x i d e   and  p r o p y l e n e  

o x i d e .  

The  o x y a l k y l e n e   is  p r e s e n t   in  the   f i b e r   l u b r i c a n t  

in  an  a m o u n t ,   as  r e p r e s e n t e d   by  n,  such  t h a t   the  m o l e c u l a r  

w e i g h t   of  the   compound  is  b e t w e e n   500  a n d  2 5 0 0 .   P r e f e r a b l y  

used  is  a  b l o c k   of  b e t w e e n   5  and  20  m o l e s ,   such  as  5,  10  o r  

15  moles   of  e t h y l e n e   o x i d e   pe r   mole  of  p h e n o l   d e r i v a t i v e .  

Also  p r e f e r a b l y   used  is  a  h e t e r i c   m i x t u r e   of  a b o u t   70 

p e r c e n t   by  w e i g h t   o x y e t h y l e n e   and  a b o u t   30  p e r c e n t   by  w e i g h t  

o x y p r o p y l e n e .  

U s e f u l   as  f a t t y   a c i d s   a re   t h o s e   c o n t a i n i n g   b e t w e e n  

8  c a r b o n   a toms  and  22  c a r b o n   a t o m s ,   p r e f e r a b l y   b e t w e e n   16 

and  20  c a r b o n   a toms  and  more  p r e f e r a b l y   18  c a r b o n   a t o m s ,  

such  as  i s o s t e a r i c   a c i d .  

The  p h e n o l   d e r i v a t i v e   is  e t h o x y l a t e d   by  a d d i n g   t h e  

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

e v a c u a t e d   to  a  vacuum  and  p r e s s u r i z e d   w i t h   n i t r o g e n   a n d  

e q u i p p e d   wi th   t e m p e r a t u r e ,   p r e s s u r e   and  vacuum  c o n t r o l s ,   a n d  

t h e r e a f t e r   h e a t e d .   The  a l k y l e n e   o x i d e   is  added   at  a  

c o n s t a n t   r a t e   u n t i l   a l l   the   o x i d e   is  a d d e d .   The  r e a c t i o n  

t hen   p r o c e e d s   at  a  t e m p e r a t u r e   b e t w e e n   90°C  and  130°C  u n t i l  

a  c o n s t a n t   p r e s s u r e   is  o b s e r v e d .   E s t e r i f i c a t i o n   is  t h e n  



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

f a t t y   a c i d   and  a l k o x y l a t e d   p h e n o l   d e r i v a t i v e .   Acid  c a t a -  

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

a re   added   and  the  e s t e r i f i c a t i o n   r e a c t i o n   is  a l l o w e d   t o  

p r o c e e d   a t   a  c o n s t a n t   t e m p e r a t u r e ,   such   as  165°C  u n d e r   a 

n i t r o g e n   b l a n k e t .  

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

the  f i b e r   in  an  amount   b e t w e e n   0 .05   p e r c e n t   by  w e i g h t   a n d  

5  p e r c e n t   by  w e i g h t ,   b a s e d   on  t h e  w e i g h t   of  the   l u b r i c a t e d  

f i b e r .  

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

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

m e t h o d .   One  u s e f u l   t e s t   method  m e a s u r e s   the   l u b r i c i t y ,   i n  

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

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

of  a b o u t   1  p e r c e n t  l u b r i c a n t   by  w e i g h t   of  f i l a m e n t   by  t h e  

p r o c e d u r e   of  the   f o l l o w i n g   two  p a r a g r a p h s .  

A  s t a b l e   a q u e o u s   e m u l s i o n   of  the   l u b r i c a n t   i s  

p r e p a r e d .   T h i s   e m u l s i o n   is  a p p l i e d   to  t h e   y a r n ,   such  a s  

n y l o n   or  p o l y e s t e r ,   u s i n g   an  a p p a r a t u s   in  which   the   y a r n   i s  

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

i s h e d   d rop   of  f i n i s h e d   s o l u t i o n   or  d i s p e r s i o n   of  s p e c i f i e d  

c o n c e n t r a t i o n .   A  s u i t a b l e   a p p a r a t u s   is  the  ATLAS  y a r n  

f i n i s h   a p p l i c a t o r  s o l d   by  the   P r e c i s i o n   M a c h i n e   and  D e v e l o p -  

ment  Company  of  W i l m i n g t o n ,   D e l a w a r e .   The  l u b r i c a n t  



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

s o l u t i o n   u s i n g   a  s y r i n g e   pump.  Tne  y a r n   is  fed  o v e r   a n  

a d j u s t a b l e   c a n t e r   r o l l e r   which   f u n c t i o n s   to  s p a c e   the   y a r n  

ove r   a  d r y i n g   drum  used  to  remove  w a t e r .   The  ya rn   i s  

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

d i t i o n e d   fo r   16  to  24  h o u r s   at  65  p e r c e n t   r e l a t i v e   h u m i d i t y  

and  70°F  b e f o r e   b e i n g   t e s t e d .  

The  c o e f f i c i e n t   of  f r i c t i o n   (f)   may  be  d e t e r m i n e d  

on  any  s u i t a b l e   m a c h i n e ,   such  as  a  R o t h s c h i l d   F  M e t e r  

u t i l i z i n g   0 .313   inch   d i a m e t e r   c e r a m i c   (Al  Si  Mg)  and  s a t i n  

chrome  f r i c t i o n   p i n s   t h a t   has  f r i c t i o n   s u r f a c e   at  a  y a r n  

c o n t a c t   a n g l e   of  180° .   The  y a r n   s p e e d   is  v a r i e d ,   such  as  a t  

50,  100,  150,  200,  and  250  m e t e r s   per   m i n u t e .   The  y a r n  

t e n s i o n   may  be  v a r i e d   such  as  at  4  or  6  grams  on  the  i n p u t  

s i d e   as  d e t e r m i n e d   by  t e n s i o m e t e r s   by  the  R o t h s c h i l d   F 

m e t e r .   The  (f)   v a l u e s   a re   d e t e r m i n e d   d i r e c t l y   by  r e a d i n g  

the  c h a r t   p r o d u c e d   by  the  R o t h s c h i l d   F  m e t e r .  

V i s c o s i t y   may  be  d e t e r m i n e d   by  any  s t a n d a r d  

p r o c e d u r e ,   such  as  u s i n g   a  B r o o k f i e l d   v i s c o m e t e r   or  U b e l o h d e  

tube   f o l l o w i n g   ASTM  D444  71 /79   or  D 2 1 6 1 - 7 9 .   The  v i s c o s i t y  

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

v i s c o s i t y   r a n g e ,   from  500  to  1500  S a y b o l t   u n i v e r s a l   s e c -  

o n d s .   A  v i s c o s i t y   be low  t h i s   r a n g e   is  d e t r i m e n t a l   t o  

p r o c e s s i n g   the  f i b e r s   and  a  v i s c o s i t y   above  t h i s   r a n g e  

c a u s e s   e x c e s s i v e   a d d - o n   to  the  f i b e r s .  



T h e r m a l   and  o x i d a t i v e   s t a b i l i t y   as  w e l l   as  n o n -  

v o l a t i l i t y   of  the   f i b e r   l u b r i c a n t   may  be  t e s t e d   by  a  n u m b e r  

of  s u i t a b l e   p r o c e d u r e s   such   as  the   ho t   p l a t e   t e s t ,   t h e  

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

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

p l a t e   t e s t   p r o c e e d s   by  p l a c i n g   m e t a l   c u p s ,   3  fo r   e a c h  

e x a m p l e ,   on  a  h e a t e r   and  m a i n t a i n i n g   the  t e m p e r a t u r e   a t  

240°C  fo r   24  h o u r s .   At  i n t e r v a l s   of  t i m e ,   the  w e i g h t   l o s s  

f o r   each   of  the   3  s a m p l e s   is  d e t e r m i n e d   and  a v e r a g e d   and  t h e  

q u a l i t y   of  r e s i d u e   d e t e r m i n e d .   The  ho t   p l a t e   t e s t   i s  

r e p r e s e n t a t i v e   of  t h e r m a l   s t a b i l i t y   as  m e a s u r e d   by  t h e  

r e s u l t s   at   240°C  f o r   24  h o u r s   and  of  o x i d a t i v e   s t a b i l i t y   b y  

the   q u a l i t y   of  the   r e s i d u e .   The  c i r c u l a t i n g   a i r   oven  t e s t  

p r o c e e d s   as  in  the   ho t   p l a t e   t e s t   e x c e p t   the   ho t   p l a t e   a n d  

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

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

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

d e g r e e s   c e n t i g r a d e   at  which   a  s p e c i f i c   p e r c e n t a g e   by  w e i g h t ,  

such   as  1  p e r c e n t   by  w e i g h t   and  10  p e r c e n t   by  w e i g h t ,   of  t h e  

s a m p l e   is  l o s t   in  a  t e s t   a t m o s p h e r e ,   such  as  a i r   o r  

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

r a t e ,   such  as  20  d e g r e e s   pe r   m i n u t e ;   and  the  i s o t h e r m a l  

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

l o s s   of  the   s a m p l e   at   a  c o n s t a n t   t e m p e r a t u r e ,   such  as  2 1 0 ° C ,  

f o r   a  s p e c i f i c   t ime  i n t e r v a l ,   such  as  40  m i n u t e s ,   w h i l e   t h e .  



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

The  p r o d u c t   s t a b i l i t y   of  the   f i b e r   l u b r i c a n t   may 

be  t e s t e d   by  any  s u i t a b l e   m e t h o d .   The  a b i l i t y   of  t h e  

p r o d u c t   of  the   i n v e n t i o n   to  be  s t o r a g e   s t a b l e   is  e x c e l l e n t .  

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

l u b r i c a n t   may  be  t e s t e d   by  p r e p a r i n g   a  m i x t u r e   c o n t a i n i n g   10 

p a r t s   of  f i b e r   l u b r i c a n t ,   20  p a r t s   of  m i n e r a l   o i l   and  70 

p a r t s   of  w a t e r .   The  m i x t u r e   is  s h a k e n   v i g o r o u s l y   a n d  

a l l o w e d   to  s t a n d   fo r   24  h o u r s .   If  s e p a r a t i o n   of  t h e  

e m u l s i o n   does   not   o c c u r ,   the   e m u l s i o n   is  c o n s i d e r e d   s t a b l e .  

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

i n v e n t i o n   a re   s e l f   e m u l s i f i a b l e   w i t h   w a t e r   and  do  n o t  

r e q u i r e   a d d i t i v e s   to  make  an  e m u l s i o n .  

A d d i t i o n a l   a d d i t i v e s   may,  h o w e v e r ,   be  added   to  t h e  

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

t i o n s .   These   a d d i t i v e s   are   d e s c r i b e d   in  U.S.   4 , 1 3 4 , 8 4 1 .  



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

v a r i o u s   a s p e c t s   of  the   i n v e n t i o n .   Where  not   o t h e r w i s e  

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

a t u r e s   a re   in  d e g r e e s   C e n t i g r a d e ,   and  p a r t s ,   p e r c e n t a g e s   a n d  

p r o p o r t i o n s   a re   by  w e i g h t .  

Example   1 

To  an  a u t o c l a v e  e q u i p p e d   w i t h   t e m p e r a t u r e ,  

p r e s s u r e ,   and  vacuum  c o n t r o l s   was  added   780  p a r t s   o f  

b u t y l a t e d ,   s t y r e n a t e d   c r e s o l   (WINGSTAY*  V -   G o o d y e a r  

Company)  and  8  p a r t s   of  45  p e r c e n t   p o t a s s i u m   h y d r o x i d e  

s o l u t i o n .   The  a u t o c l a v e   was  h e a t e d   to  125°C  a f t e r   e v a c u -  

a t i n g   to  a  vacuum  of  l e s s   t h a n   10  m i l l i m e t e r s   m e r c u r y   a n d  

t h e n   p r e s s u r i z i n g   to  34  l b s . / s q u a r e   i nch   w i t h   n i t r o g e n .  

E t h y l e n e   o x i d e   was  added   a t   a  r a t e   of  250  p a r t s / h o u r   u n t i l  

1921  p a r t s   were  a d d e d .   When  c o n s t a n t   p r e s s u r e   was  o b s e r v e d ,  

the   c a t a l y s t   was  r e m o v e d   by  d e i o n i z a t i o n   and  the   m i x t u r e   w a s  

f u r t h e r   s t r i p p e d   to  remove  v o l a t i l e s .   Th i s   e t h o x y l a t e ,  

Example   lA,  had  a  h y d r o x y l   number   of  66.2   and  a  v i s c o s i t y   o f  

883  S a y b o l t   u n i v e r s a l   s e c o n d s   at  1 0 0 ° F .  

To  a  2  l i t e r   f l a s k   h a v i n g   t e m p e r a t u r e   c o n t r o l ,  

s t i r r e r   and  d i s t i l l a t i o n   a p p a r a t u s   were  added  891  p a r t s   o f  

the   above   e t h o x y l a t e .   N e x t ,   279 .1   p a r t s   of  i s o s t e a r i c   a c i d ,  

4 .12   p a r t s   of  m e t h a n e s u l f o n i c   a c i d ,   (70  p e r c e n t ) ,   and  4 . 0  

p a r t s   of  h y p o p h o s p h o r o u s   a c i d   were  a d d e d .   The  t e m p e r a t u r e  

was  h e l d   at  a  c o n s t a n t   165°C  in  a  n i t r o g e n   a t m o s p h e r e   u n t i l  



the   e s t e r i f i c a t i o n   r e a c t i o n   was  c o m p l e t e .   A f t e r   c a t a l y s t  

r e m o v a l ,   the  p r o d u c t   of  Example   1  of  t h i s   i n v e n t i o n ,   t h e  

i s o s t e a r a t e  e s t e r   of  e t h o x y l a t e d   b u t y l a t e d   s t y r e n a t e d  

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

IV  a b o v e ,   was  o b t a i n e d   h a v i n g   a  h y d r o x y l   number   of  4 . 4 ,   a n  

a c i d   number   of  1 .56   and  a  v i s c o s i t y   of  781  S a y b o l t   u n i v e r s a l  

s e c o n d s   at  1 0 0 ° F .  

C o m p a r i s o n   E x a m p l e s   A,  B,  C  and  D 

A  is  a  p o l y o x y p r o p y l e n e   b l o c k   a d d u c t   of  a  p o l y o x y -  

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

m o l e c u l a r   w e i g h t   of  the   h y d r o p h o b e   of  1000  and  an  o x y -  

e t h y l e n e   c o n t e n t   of  a b o u t   50  p e r c e n t   by  w e i g h t .  

B  is  a  p o l y o x y e t h y l e n e   b l o c k   a d d u c t   of  a  p o l y o x y -  

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

m o l e c u l a r   w e i g h t   of  the   h y d r o p h o b e   of  950  and  an  c x y e t h y l e n e  

c o n t e n t   of  a b o u t   50  p e r c e n t   by  w e i g h t .  

C  is  a  h e t e r i c   e t h y l e n e   o x i d e   p r o p y l e n e   o x i d e  

a d d u c t   of  a  C12-C15  f a t t y   a l c o h o l ,   h a v i n g   an  o v e r a l l  

a p p r o x i m a t e   a v e r a g e   m o l e c u l a r   w e i g h t   of  1280  and  c o n t a i n i n g  

a b o u t   50  p e r c e n t   e t h y l e n e   o x i d e .  

D  is  a  p o l y o x y e t h y l e n e   b l o c k   a d d u c t   of  a  p o l y o x y -  

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

o v e r a l l   m o l e c u l a r   w e i g h t   of  8350  and  an  o x y e t h y l e n e   c o n t e n t  

of  a b o u t   80  p e r c e n t   by  w e i g h t .  



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

were  o b t a i n e d   as  f o l l o w s :   An  a q u e o u s   e m u l s i o n   of  t h e  

l u b r i c a n t   of  Example   1  was  p r e p a r e d .   T h i s   e m u l s i o n   w a s  

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

c o e f f i c i e n t   of  f r i c t i o n   (f)   was  d e t e r m i n e d   on  a  R o t h s c h i l d   F 

m e t e r   u t i l i z i n g   0 .313   inch   d i a m e t e r   c e r a m i c   (Al  Si  Mag)  a n d  

s a t i n   chrome  f r i c t i o n   p i n s   as  the   f r i c t i o n   s u r f a c e   a t   a  y a r n  

c o n t a c t   a n g l e   of  1 8 0 ° .   The  ASTM  p r o c e d u r e   S t a n d a r d   T e s t  

Method  f o r   C o e f f i c i e n t   F r i c t i o n ,   Yarn  to  M e t a l   D e s i g n a t i o n  

0 3 1 0 8 - 7 6   was  g e n e r a l l y   f o l l o w e d .  T h e   l u b r i c i t y   r e s u l t s ,  

u s i n g   40 /12   d e n i e r   n y l o n   6  y a r n ,   a re   shown  in  T a b l e   I  f o r  

the   p r o d u c t s   of  Example   1  and  c o m p a r i s o n   Example   A. 

T h e r m a l   and  o x i d a t i v e   s t a b i l i t y   of  the   p r o d u c t s   o f  

Example   1  and  c o m p a r i s o n s   B  and   C,  u s i n g   a  ho t   p l a t e   s e t   a t  

240°C  and  3  gram  s a m p l e s ,   a re   shown  in  T a b l e   I I .  



Heat   s t a b i l i t y   r e s u l t s   f o r   the  p r o d u c t s   o f  

Example  1  and  C o m p a r i s o n   Example   C,  u s i n g   a  c i r c u l a t i n g   a i r  

oven  s e t   at  210°C  and  3  gram  s a m p l e s ,   a re   shown  in  T a b l e  

I I I .  

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

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

i s o t h e r m a l   p e r c e n t   w e i g h t   l o s s   are   shown  in  T a b l e   I V .  



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

Example   1,  and  w a t e r   and  w i t h   the   p r o d u c t   of  Example   1 ,  

w a t e r   and  o t h e r   m a t e r i a l s ' a r e   shown  in  T a b l e   V .  





E x a m p l e s   2 - 2 0  

E x a m p l e s   3-10  and  14-19   were  p r e p a r e d   u s i n g   t h e  

p r o c e d u r e   to  p r e p a r e   Example   1A.  E x a m p l e s   2,  11-13   and  20 

were  p r e p a r e d   u s i n g   the   p r o c e d u r e   fo r   p r e p a r i n g   the   p r o d u c t  

of  Example   1.  EO  is  e t h y l e n e   o x i d e ,   PO  is  p r o p y l e n e   o x i d e ,  

p r o d u c t   Y1  is  a  c o m m e r c i a l   p r o d u c t   of  f o r m u l a   V  w h e r e i n   X  i s  

(WINGSTAY®  S  -   G o o d y e a r   C o m p a n y ) ,   p r o d u c t   Y2  is  a  c o m m e r -  

c i a l   p r o d u c t   of  f o r m u l a   VII  w h e r e i n   R"  i s  

C4H9- ,   R' ' '   is   C8H17-  and  R''''  is   e i t h e r   C4H9-  or  C 8 H 1 7 -  

(WINGSTAY®  T  -   G o o d y e a r   Company)  and  p r o d u c t   Y3  is  a  

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

and  R"  is  C4H9-  (WINGSTAY®  C  -   G o o d y e a r   C o m p a n y ) .  



The  p r o d u c t s   a re   as  f o l l o w s :  



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

E x a m p l e s   2-20  a re   shown  be low  in  T a b l e   V I .  

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

i n v e n t i o n   and  c o m p a r i s o n   Example   B,  d e t e r m i n e d   in  a n  

a l u m i n u m   pan  t e s t   on  a  hot   p l a t e   s e t   at  240°C  a re   shown  i n  

T a b l e   V I I .  



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

i n v e n t i o n   and  c o m p a r i s o n   e x a m p l e s   B  and  D  as  d e t e r m i n e d   i n  .  

an  a l u m i n u m   pan  in  an  a i r   c i r c u l a t i n g   oven  a t   210°C  a r e  

shown  below  in  T a b l e   V I I I .  





The  e m b o d i m e n t s   of  the   i n v e n t i o n   in  which   a n  

e x c l u s i v e   p r i v i l e d g e   or  p r o p e r t y   is  c l a i m e d   a re   d e f i n e d   a s  

f o l l o w s :  

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

s e l e c t e d   from  the  g roup   c o n s i s t i n g   o f :  

a n d  



w h e r e i n   A  is  an  o x y a l k y l e n e   r a d i c a l   h a v i n g   2  c a r b o n   a toms   t o  

4  c a r b o n   a toms  or  m i x t u r e s   t h e r e o f ,   R  is  h y d r o g e n   or  a c y l  

c o n t a i n i n g   f rom  8  c a r b o n   a toms   to  22  c a r b o n   a t o m s ,   R'  i s  

a l k y l   c o n t a i n i n g   from  1  c a r b o n   atom  to  10  c a r b o n   a t o m s ,   R ' '  

is  a l k y l   c o n t a i n i n g   f rom  1  c a r b o n   atom  to  22  c a r b o n   a t o m s ,  

R ' ' '   is   a l k y l   c o n t a i n i n g   f rom  4  c a r b o n   a toms  to  8  c a r b o n  

a t o m s ,   and  R ' ' ' '   is   R ' '   or  R ' ' ' ' ,   X  is  an  a l k y l i d e n e   r a d i c a l  

c o n t a i n i n g   f rom  1  c a r b o n   atom  to  3  c a r b o n   a t o m s ,   and  n  is  a n  

i n t e g e r   such   t h a t   the   m o l e c u l a r   w e i g h t   of  the   compound  i s  

b e t w e e n   500  and  2500  and  w i t h   the  p r o v i s o   t h a t   e i t h e r   R ' '   o r  

R ' ' '   is   o r t h o   to  t he   oxygen   in  f o r m u l a   I I I . .  

2.  A  p r o c e s s   of  l u b r i c a t i n g   s y n t h e t i c   f i b e r s  

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

0 . 0 5   p e r c e n t   b y  w e i g h t   and  5  p e r c e n t   by  w e i g h t ,   b a s e d   on  t h e  

w e i g h t   of  l u b r i c a t e d   f i b e r ,   the   compound   of  c l a i m   1 .  

3.  The  p r o c e s s   of  c l a i m   2  c o n s i s t i n g   e s s e n t i a l l y  

of  a p p l y i n g   to  t he   f i b e r ,   in  an  a m o u n t   b e t w e e n   0 . 0 5   p e r c e n t  

by  w e i g h t   and  5  p e r c e n t   by  w e i g h t ,   b a s e d   on  t he   w e i g h t   o f  

l u b r i c a t e d   f i b e r ,   a  compound   of  c l a i m   1 .  
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