
(19) 

Europaisches  Pa tentamt  

European  Patent  Office  (n)  Publication  number:  0  0 1 7   0 7 2  

Office  europeen  des  brevets  A 2  

©  EUROPEAN  PATENT  APPLICATION 

(g)  Application  number:  80101408.5  (g)  Int.  CI.3:  C  10  M  3 / 2 0  

@  Date  of  filing:  18.03.80  
C  10  M  3 / 2 2  

(S3)  Priority:  02.04.79  US  26269 

@  Date  of  publication  of  application: 
15.10.80  Bulletin  80/21 

(84)  Designated  Contracting  States: 
BE  DE  FR  GB  IT  NL  SE 

@  Applicant:  THE  DOW  CHEMICAL  COMPANY 
2030  Abbott  Road  Post  Office  Box  1967 
Midland,  Michigan  48640  (US) 

(53)  Inventor:  Carswell,  Robert 
306  Narcissus 
Lake  Jackson  Texas(US) 

©  Representative:  Casalonga,  Alain  et  al. 
Bureau  D.A.  Casalonga  Lilienstrasse  77 
D-8000  Munchen  80(DE) 

@  Water-resistant  lubricant  for  compressors  and  marine  engines. 

ynthetic  lubricants  containing  (A)  15  to  45  weight 
percent  of  an  ester  of  a  hindered  polyhydric  alcohol  having  3 
to  6  hydroxy  groups  and  5  to  10  carbon  atoms  with  one  or 
more  alkanoic  acids  having  4  to  18  carbon  atoms  blended 
with (B)  85  to  55  weight  percent  of  one  or  more  polyoxyal- 
kylene  glycols  or  their  mono-  or  dialkyl  ethers  having  a 
400-5000  number  average  molecular  weight.  The  blends  are 
compounded  with  antioxidants,  corrosion  inhibitors,  and 
metal  deactivators  to  produce  a  superior lubricant  for  rotary 
screw  compressors  that  has  a  long  life. 



T h i s   i n v e n t i o n   r e l a t e s   to   w a t e r - r e s i s t a n t  

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

f o r   u s e   i n   r o t a r y   s c r e w   c o m p r e s s o r s .  

R o t a r y   s c r e w   a i r   c o m p r e s s o r s   a r e   w e l l - k n o w n  

i n   t h e   a r t   as  can   be  s e e n   f rom  U . S .   P a t e n t   3 , 0 7 3 , 5 1 3 ,  

i s s u e d   to   B a i l e y ,   J a n u a r y   15,  1 9 6 3 .  

I t   i s   w e l l - k n o w n   to   u s e   h y d r o c a r b o n   l u b r i c a t -  

i n g   o i l s   to   s e a l   t h e   r o t o r s   o f   t h e   f o r e g o i n g   r o t a r y   s c r e w  

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

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

b r e a k   down  and  c r e a t e   a  s l u d g e   i n   a  r e l a t i v e l y   s h o r t   t i m e ,  

i . e . ,   a b o u t   1000  h o u r s   or   l e s s .  

In  a t t e m p t s   to   i n c r e a s e   t h e   i n t e r v a l s   b e t w e e n  

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

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

c o n s i d e r a b l e   c a p i t a l   i n v e s t m e n t   b e c a u s e   a  new  c o m p r e s s o r  
u n i t   w i t h  d i f f e r e n t   b e a r i n g s   and  s e a l s   i s   r e q u i r e d .  



I t   i s   known  t h a t   s y n t h e t i c   e s t e r s   made  f r o m  

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

a  r e l a t i v e l y   i n e x p e n s i v e   and  l o n g - l a s t i n g   l u b r i c a n t .   H o w -  

e v e r ,   i t   h a s   b e e n   f o u n d   t h a t   t h e s e   s y n t h e t i c   e s t e r s   a r e  
n o t   h y d r o l y t i c a l l y   s t a b l e ,   and  t h e r e f o r e   do  n o t   h a v e   t h e  

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

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

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

g l y c o l   a r e   known  f rom  B r i t i s h   P a t e n t   1 , 1 6 2 , 8 1 8 ,   I . C . I . ,  

A u g u s t ,   1 9 6 9 .   H o w e v e r ,   t h e s e   c o m p o s i t i o n s   a r e   d i s c l o s e d  

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

I t   now  h a s   b e e n   f o u n d   t h a t   a  s u i t a b l y   i n h i b -  

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

h y d r i c   a l c o h o l s   h a v i n g   3  t o   6  h y d r o x y l   g r o u p s   and  5  t o  

10  c a r b o n   a t o m s   w i t h   p o l y o x y a l k y l e n e   g l y c o l s   and  t h e i r  

mono  or   d i a l k y l   e t h e r s   h a s   t h e   r e q u i r e d   h i g h   t e m p e r a t u r e  

v i s c o s i t y   and   s t a b i l i t y   to   o x y g e n   and  w a t e r .  

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

(A)  15  to   45  w e i g h t   p e r c e n t   o f   an  e s t e r   o f  

a  h i n d e r e d   p o l y h y d r i c   a l c o h o l   h a v i n g   3 . t o   6  h y d r o x y l  

g r o u p s   and  f rom  5  to   10  c a r b o n   a t o m s   w i t h   one  o r  

more   a l k a n o i c   a c i d s   h a v i n g   4  t o   18  c a r b o n   a t o m s ,   a n d  

(B)  85  to   55  w e i g h t   p e r c e n t   o f   one  o r   m o r e  

c o m p o s i t i o n s   h a v i n g   a  f l a s h   p o i n t   g r e a t e r   t h a n   1 9 1 ° C  

and  h a v i n g   t h e   f o r m u l a  



w h e r e   R  i s   h y d r o g e n   or   an  a l k y l   g r o u p   o f   1 -6   c a r b o n  

a t o m s ,   R'  i s   h y d r o g e n   or   m e t h y l ,   and  n  i s   a  n u m b e r  

h a v i n g   an  a v e r a g e   v a l u e   w h i c h   w i l l   g i v e   a  m o l e c u l a r  

w e i g h t   r a n g e   f rom  400  to   5 0 0 0 .  

An  a d d i t i o n a l   a s p e c t   o f   t h e   p r e s e n t   i n v e n t i o n  

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

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

i n h i b i t o r s ,   and  m e t a l   or   c o p p e r   d e a c t i v a t o r s .  

W h i l e   t h e   l u b r i c a n t s   o f   t h i s   i n v e n t i o n   a r e   u s e -  

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

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

d e v i c e s   w h e r e   h y d r o l y t i c   s t a b i l i t y   i s   d e s i r e d   or   n e c e s s a r y ,  
s u c h   as  o u t b o a r d   m o t o r s   o r   m a r i n e   e n g i n e s   i n   g e n e r a l .  

The  c o m b i n a t i o n   o f   t h e   f o r e g o i n g   p o l y o x y a l -  

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

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

c a t i o n s ,   s u c h   as  mold   r e l e a s e   a g e n t s ,   l u b r i c a n t s   f o r   g l a s s  

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

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

The  n e u t r a l   e s t e r s   u s e d   in   t h i s   i n v e n t i o n   a r e  

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

e s t e r s   a r e   e s t e r s   of   t r i m e t h y l o l  e t h a n e   w i t h   a l k a n o i c  

a c i d s   o f   4 - 1 8   c a r b o n   a t o m s ,   e s t e r s   of   t r i m e t h y l o l   p r o -  

p a n e   w i t h ' a l k a n o i c   a c i d s   of   4 - 1 8   c a r b o n   a t o m s ,   e s t e r s  

of   t r i m e t h y l o l   b u t a n e   w i t h   a l k a n o i c   a c i d s   o f   4 - 1 8   c a r b o n  

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

w i t h   a l k a n o i c   a c i d s   of   4 - 1 8   c a r b o n   a t o m s .  



S p e c i f i c   e x a m p l e s   of   t h e s e   e s t e r s   a r e   t r i -  

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

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

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

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

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

w i t h   m i x e d   a c i d   m o i e t i e s .  

E x a m p l e s   of   t h e   p o l y o x y a l k y l e n e   g l y c o l s   u s e d  

in   t h i s   i n v e n t i o n   a r e   t h o s e   d e r i v e d   f rom  e t h y l e n e ,   p r o p y l -  

e n e ,   1 - 2 ,   or   2 -3   b u t y l e n e   o x i d e .   The  a b o v e   o x i d e s   may  b e  

p o l y m e r i z e d   a l o n e   or   in   c o m b i n a t i o n .   The  c o m b i n e d   o x i d e s  

may  a l s o   be  c o m b i n e d   i n   a  r a n d o m   or   b l o c k   a d d i t i o n .   W h i l e  

some  of   t h e   a b o v e   c o m p o u n d s   may  be  of   a  h y d r o p h y l l i c  

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

as  t h o s e   d e r i v e d   f rom  p r o p y l e n e   o x i d e ,   b u t y l e n e   o x i d e s   o r  

c o m b i n a t i o n s   t h e r e o f .  

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

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

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

f rom  m o n o f u n c t i o n a l   a l k a n o l s   h a v i n g   1 -6   c a r b o n   a t o m s   i n   a  

known  m a n n e r .   The  a b o v e   m o n o a l k y l   e t h e r s   o f   p o l y o x y a l k y l -  

ene   g l y c o l s   c a n   be  f u r t h e r   m o d i f i e d   i n  a   known  m a n n e r   t o  

g i v e   t h e   d i a l k y l   e t h e r s .  

The  f o r e g o i n g   g l y c o l s   s h o u l d   h a v e   a  f l a s h  

p o i n t   g r e a t e r   t h a n   191°C  and  p r e f e r a b l y   g r e a t e r   t h a n  

2 3 2 ° C .   They   a l s o   s h o u l d   h a v e   a  n u m b e r   a v e r a g e   m o l e c u -  

l a r   w e i g h t   r a n g e   f rom  a b o u t   400  to   5000  and  p r e f e r a b l y  

in   t h e   r a n g e   700  to   2 5 0 0 .  

.  



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

to   g i v e   a  b a s e   l u b r i c a n t   c o m p o s i t i o n   c o n t a i n i n g   15  to   4 5  

w e i g h t   p e r c e n t   of   t h e   e s t e r s   and   85  to   55  w e i g h t   p e r c e n t  

o f   t h e   g l y c o l   w i t h   t h e   r a n g e s   22  t o   35  and  78  to   65  b e i n g  

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

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

so  as  to   h a v e   a  v i s c o s i t y   i n   t h e   r a n g e   of   5  to   25  c e n t i -  

s t o k e s   a t   99°C  and  p r e f e r a b l y   6  t o   16  c e n t i s t o k e s   a t   9 9 ° C  

and  a  p o u r   p o i n t   in   t h e   r a n g e   o f   - 1 7 . 8 °   to   - 5 4 ° C .  

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

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

t i v a t o r s .  

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

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

and  b e t a - n a p h t h y l   a m i n e s ,   d i p h e n y l   a m i n e ,   i m i n o d i b e n z y l ,  

p , p ' - d i o c t y l - d i p h e n y l a m i n e ,   and   r e l a t e d   a r o m a t i c   a m i n e s .  

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

as  6 - t - b u t y l   p h e n o l ,   2 , 6 - d i - t - b u t y l   p h e n o l   and  4 - m e t h y l -  

- 2 , 6 - d i - t - b u t y l   p h e n o l .  

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

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

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

d i n o n y l n a p h t h a l e n e   s u l f o n a t e   ( c a r b o n a t e d   or  n o n c a r b o n a t e d ) .  

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

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

z o l e ,   b e n z o t r i a z o l e ,   t o l u t r i a z o l e ,   2 - m e t h y l   b e n z i m i d a z o l e ,  

3 , 5 - d i m e t h y l   p y r a z o l e ,   and  m e t h y l e n e   b i s b e n z o t r i a z o l e .  



An  e f f e c t i v e   a m o u n t   o f   t h e  f o r e g o i n g   a d d i -  

t i v e s   i s   g e n e r a l l y   i n   t h e   r a n g e   f r o m   0 .1   t o   5 .0   p e r c e n t  

by  w e i g h t   f o r   t h e   a n t i o x i d a n t s ,   0 . 1   t o   5 .0   p e r c e n t   b y  

w e i g h t   f o r   t h e   c o r r o s i o n   i n h i b i t o r s ,   and  0 . 0 0 1   to   0 . 5  

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

t a g e s   b e i n g   b a s e d   on  t h e   t o t a l   w e i g h t   of   t h e   e s t e r s   a n d  

t h e   g l y c o l s .   I t   i s   to   be  u n d e r s t o o d   t h a t   more   or   l e s s  

of   t h e   a d d i t i v e s   may  be  u s e d   d e p e n d i n g   u p o n   t h e   c i r c u m - .  

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

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

t i o n .  

E x a m p l e   1  

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

175  P o u n d s   ( 7 9 . 4   kg)   p o l y p r o p y l e n e   g l y c o l  

( n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   1 2 0 0 ) ,   75  p o u n d s   ( 3 4 . 0  

kg)  p e n t a e r y t h r i t o l   t e t r a e s t e r   o f   a l k a n o i c   a c i d s ,   3 . 7 5  

p o u n d s   ( 1 . 7 0   kg)  p , p ' - d i o c t y l   d i p h e n y l a m i n e ,   1 . 2 5   p o u n d s  

( 0 . 5 7   kg)  b a s i c   b a r i u m   d i n o n y l n a p h t h a l e n e   s u l f o n a t e   i n  

m i n e r a l   o i l ,   and  0 . 1 2 5   p o u n d   ( 0 . 2 8   kg)   b e n z o t r i a z o l e .  

The  p o l y g l y c o l   and  t h e   e s t e r   w e r e   w e i g h e d   i n t o  

a  30  U . S .   g a l l o n   (114   1)  s t a i n l e s s   s t e e l   m i x i n g   v e s s e l ,  

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

h e a t i n g   e l e m e n t .   The  t e m p e r a t u r e   was  r a i s e d   t o   4 5 ° - 5 5 ° C  

w i t h   s t i r r i n g .   The  a d d i t i v e s   w e r e   t h e n   w e i g h e d   i n , . i n   t h e  

o r d e r   g i v e n   a b o v e .  

The  a b o v e   25  U .S .   g a l l o n   ( 9 4 . 5   1)  m i x t u r e   w a s  

a l l o w e d   to   s t i r   w i t h   t h e   h e a t i n g   m a i n t a i n e d   a t   4 5 ° - 5 5 ° C  

u n t i l   a  c l e a r   s o l u t i o n   was  o b t a i n e d .   A  c l e a r   l i g h t   b r o w n  



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

s e l   by  o p e n i n g   a  v a l v e   s i t u a t e d   in   t h e   b a s e   of   t h e   v e s s e l .  

The  b l e n d   was  c o l l e c t e d   i n t o   5  U . S .   g a l l o n   ( 1 . 8 9   1)  c o n -  

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

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

p r e p a r a t i o n   of   a  b l e n d   of   70  w e i g h t   p e r c e n t   p o l y g l y c o l  

and  30  w e i g h t   p e r c e n t   o f   a  p o l y e s t e r .  

50  Grams  o f   f l u i d   p r e p a r e d   a b o v e   was  s e a l e d  

i n   a  r o t a r y   bomb  and  t e s t e d   f o r   o x i d a t i o n   r e s i s t a n c e   i n  

a c c o r d a n c e   w i t h   A m e r i c a n   S o c i e t y   f o r   T e s t i n g   M a t e r i a l s  

(ASTM)  T e s t   D - 2 2 7 2 .   The  f l u i d   gave   1 8 . 5   h o u r s   i n   t h e  

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

I t   i s   t o   be  n o t e d   in   t h i s   e x a m p l e   and  t h e   f o l -  

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

t e s t   can   v a r y   a b o u t   two  h o u r s   o v e r   and  u n d e r   t h e   g i v e n  

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

300  ml  o f   t h e   a b o v e   f l u i d   was  t e s t e d   f o r   c o r -  

r o s i o n   r e s i s t a n c e   i n   a c c o r d a n c e   w i t h   ASTM  T e s t   D-665   ( p r o -  

c e d u r e   A) .   The  f l u i d   p a s s e d   t h e   t e s t .  

F o u r   and  o n e - h a l f   U . S .   g a l l o n s   ( 1 7 . 0   1)  o f   t h e  

a b o v e   f l u i d   was  p l a c e d   i n   a  100  c u b i c   f e e t   ( 2 . 8 3   m3)  p e r  
m i n u t e   r o t a r y   s c r e w   a i r   c o m p r e s s o r   and  t h e   c o m p r e s s o r   w a s  

r u n   f o r   6000  c o n t i n u o u s   h o u r s   w i t h   p e r i o d i c  s h u t d o w n s   a t  

1 0 0 0 - h o u r   i n t e r v a l s   to   t a k e   a  4 - o u n c e   (113  g)  s a m p l e   f o r  

a n a l y s i s .   F o u r   o u n c e s   (113  g)  of   new  f l u i d   r e p l a c e d   t h e  

w i t h d r a w n   s a m p l e .   The  t e s t   was  t e r m i n a t e d   a t   6000  h o u r s  

due  to   a  b r e a k d o w n   of   t h e   c o m p r e s s o r   w h i c h   was  n o t   a s s o -  

c i a t e d   w i t h   t h e   l u b r i c a n t .   Upon  e x a m i n a t i o n   t h e   f l u i d  



w i t h d r a w n   f r o m   t h e   c o m p r e s s o r   was  f o u n d   to   be  i n   e x c e l -  

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

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

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

. E x a m p l e  2  

F o l l o w i n g   t h e   p r o c e d u r e s   s e t   f o r t h   i n   E x a m p l e   1 ,  

a  b l e n d   o f   76  w e i g h t   p e r c e n t   o f   t h e   p o l y p r o p y l e n e   g l y c o l  

and  24  w e i g h t   p e r c e n t   of   t r i m e t h y l o l p r o p a n e   t r i p e l a r g o n a t e  

was  p r e p a r e d   w i t h   t h e   same  p e r c e n t a g e s   o f   t h e   a d d i t i v e s .  

T h i s   f o r m u l a t i o n   when  t e s t e d   by  t h e   a b o v e   o x i d a t i o n   t e s t  

g a v e   16  h o u r s   and  50  m i n u t e s   and  p a s s e d   t h e   c o r r o s i o n   t e s t .  

E x a m p l e   3  

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

p l e   1  w i t h   t h e   same  a d d i t i v e s ,   a  b l e n d   o f   20  w e i g h t   p e r -  
c e n t   o f   t h e   p o l y p r o p y l e n e   g l y c o l   and  80  w e i g h t   p e r c e n t  

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

T h i s   f o r m u l a t i o n   gave   15  h o u r s   and   10  m i n u t e s   i n   t h e  

a b o v e   o x i d a t i o n   t e s t   and  p a s s e d   t h e   c o r r o s i o n   t e s t .  

C o n t r o l s   1 - 3  

F o l l o w i n g   t h e   o x i d a t i o n   t e s t   o f   E x a m p l e   1,  a  

h y d r o c a r b o n   l u b r i c a n t   ( C o n t r o l   # 1 ) ,   a  p e t r o l e u m   o i l   ( C o n -  

t r o l   #2)   and   a  s y n t h e t i c   f l u i d   b a s e d   on  a  d i c a r b o x y l i c  

a c i d   e s t e r   ( C o n t r o l   #3)   w e r e   t e s t e d .   The  a b o v e   t h r e e  

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

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

shown  i n   T a b l e   I .  



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

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

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

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

i n v e n t i o n .   F u r t h e r m o r e ,   t h e   c o m p o s i t i o n s   c o n t a i n i n g   t r i -  

m e t h y l o l p r o p a n e   e s t e r s   of   E x a m p l e  2   a r e   v a s t l y   i m p r o v e d  

o v e r   t h e   known  e s t e r s   of   C o n t r o l   3.  L i k e w i s e ,   t h e   c o m p o -  
s i t i o n s   c o n t a i n i n g   e s t e r s   of   E x a m p l e   1  a r e   e v e n   m o r e  

i m p r o v e d   o v e r   E x a m p l e   2  and  C o n t r o l   1 .  



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

i n   t h a t   i t   c o n t a i n s  

(A)  15  to   45  w e i g h t   p e r c e n t   of   an  e s t e r   o f  

a  h i n d e r e d   p o l y h y d r i c   a l c o h o l   h a v i n g   3  t o   6  h y d r o x y l  

g r o u p s   and  f rom  5  to   10  c a r b o n   a t o m s   w i t h   one  o r  

more   a l k a n o i c   a c i d s   h a v i n g   4  t o   18  c a r b o n   a t o m s ,   a n d  

(B)  85  to   55  w e i g h t   p e r c e n t   of   one   o r   m o r e  

c o m p o s i t i o n s   h a v i n g   a  f l a s h   p o i n t   g r e a t e r   t h a n   1 9 1 ° C  

and  h a v i n g   t h e   f o r m u l a  

w h e r e   R  i s   h y d r o g e n   or   an  a l k y l   g r o u p   o f   1 -6   c a r b o n  

a t o m s ,   R'  i s   h y d r o g e n   or   m e t h y l ,   and  n  i s   a  n u m b e r  

h a v i n g   an  a v e r a g e   v a l u e   w h i c h   w i l l   g i v e   a  m o l e c u l a r  

w e i g h t   r a n g e   f rom  400  to   5 0 0 0 .  

2.  The  l u b r i c a n t   c o m p o s i t i o n   o f   C l a i m   1  a n d  

f u r t h e r   c h a r a c t e r i z e d   i n   t h a t  t h e   w e i g h t   p e r c e n t   o f   t h e  

e s t e r   r a n g e s   f rom  22  to   35  and  t h e   w e i g h t   p e r c e n t   of   t h e  

g l y c o l   r a n g e s   f rom  78  to   6 5 .  



3.  A  l u b r i c a n t   c o m p o s i t i o n   c h a r a c t e r i z e d   i n  

t h a t   i t   c o n t a i n s  

(A)  15  to   45  w e i g h t   p e r c e n t   of   an  e s t e r   o f  

p e n t a e r y t h r i t o l   w i t h   one  or   more   a l k a n o i c   a c i d s   h a v -  

i n g   4  t o   18  c a r b o n   a t o m s ,   a n d  

(B)  85  t o   55  w e i g h t   p e r c e n t   of   one  or   m o r e  

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

t h a n   191°C  and  h a v i n g   a  n u m b e r   m o l e c u l a r  

w e i g h t   r a n g e   f rom  700  t o   2500  and  m i x t u r e s   t h e r e o f .  

4.  The  l u b r i c a n t   c o m p o s i t i o n   of   C l a i m   3  a n d  

f u r t h e r   c h a r a c t e r i z e d   in   t h a t   t h e   w e i g h t   p e r c e n t   of   t h e  

e s t e r   r a n g e s   f r o m   22  to   35  and   t h e   w e i g h t   p e r c e n t   of   t h e  

p o l y g l y c o l   r a n g e s   f rom  78  t o   6 5 .  

5.  The  l u b r i c a n t   c o m p o s i t i o n   of   C l a i m  4  

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

n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   of   1 2 0 0 .  

6.  The  l u b r i c a n t   c o m p o s i t i o n   of   C l a i m   5 

w h i c h   c o m p r i s e s   30  w e i g h t   p e r c e n t   o f   s a i d   e s t e r   and  7 0  

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

7.  The  c o m p o s i t i o n   o f   C l a i m   1  and  f u r t h e r  

c h a r a c t e r i z e d   i n   t h a t   i t   a l s o   c o n t a i n s  

(A)  an  e f f e c t i v e   a m o u n t   of   an  a n t i o x i d a n t ,  

(B)  an  e f f e c t i v e   a m o u n t   of   a  f e r r o u s   m e t a l  

c o r r o s i o n   i n h i b i t o r ,   a n d  

(C)  an  e f f e c t i v e   a m o u n t   o f   a  m e t a l   d e a c t i -  

v a t o r .  



8.  The  c o m p o s i t i o n   o f  C l a i m   1  and  f u r t h e r  

c h a r a c t e r i z e d   i n   t h a t   i t   a l s o   c o n t a i n s  

(A)  0 . 1   to   5 . 0   w e i g h t   p e r c e n t   o f   an  a r o m a t i c  

a m i n e   a n t i o x i d a n t ,  

(B)  0 . 1   to   5 . 0   w e i g h t   p e r c e n t   of   a  m e t a l   s a l t  

o f   an  a r o m a t i c   s u l f o n i c   a c i d ,   a n d  

(C)  0 . 0 0 1   to   0 .5   w e i g h t   p e r c e n t   of   a  N - h e t e r o -  

c y c l i c   m e t a l   d e a c t i v a t o r .  
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