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B4)  Process  for  the  continuous  manufacture  of  a  lubricating  grease. 

(67)  A  process  for  the  continuous  manufacture  of  a  lubricat- 
ing  grease  comprising  blending  feed  materials  and  lubricat- 
ing  oil  and  pumping  the  resulting  blend  through  at  least  one 
motionless  mixer  which  is  heated  to  such  a  temperature  that 
soap  formation  takes  place  and  a  resultant  grease  is  formed. 
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  A  process  for  the  continuous  manufacture  of  a  lubricat- 
ing  grease  comprising  blending  feed  materials  and  lubricat- 
ing  oil  and  pumping  the  resulting  blend  through  at  least  one 
motionless  mixer  which  is  heated  to  such  a  temperature  that 
soap  formation  takes  place  and  a  resultant  grease  is  formed. 



This  i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   for   the  c o n t i n u o u s  

manufac tu r e   of  a  l u b r i c a t i n g   g r e a s e   and  in  p a r t i c u l a r   of  a  b a s e  

g rease   which  se rves   as  a  b a s i s   for   the  manufac tu re   of  a  w i d e  

v a r i e t y   of  l u b r i c a t i n g   g rease   f o r m u l a t i o n s   c o n t a i n i n g   one  or  more  

a d d i t i v e s .   By  f i r s t   making  a  base  g rease   a  g r e a t   f l e x i b i l i t y   i s  

o b t a i n e d   in  making  a  g r e a t   v a r i e t y   of  grease   f o r m u l a t i o n s   u s i n g  

the  same  g rease   m a n u f a c t u r i n g   b a s i c   u n i t .  

From  European  p a t e n t   a p p l i c a t i o n   0072184  a  p roces s   for   t h e  

c o n t i n u o u s   manufac tu re   of  a  l u b r i c a t i n g   g rease ,   which  p r o c e s s  

shows  a  g r e a t   f l e x i b i l i t y ,   is   a l r e a d y   known.  According  to  t h i s  

p roce s s   a  r o t a t i n g   screw  p r o c e s s   u n i t   is  u s e d .  

I t   has  now  been  found  t h a t   such  p r o c e s s e s ,   which  enab le   t h e  

manufac tu re   of  a  g r e a t   v a r i e t y   of  g r e a s e s ,   such  as  the  g r e a s e s  

d e s c r i b e d   in  sa id   European  p a t e n t   a p p l i c a t i o n ,   can  be  c a r r i e d   o u t  

in  a  s m p l e r   way  w i t h o u t   the  use  of  moving  p a r t s ,   namely  by  u s i n g  

m o t i o n l e s s   mixers ,   which  are  r e a d i l y   commercia l ly   a v a i l a b l e .  

T h e r e f o r e   the  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p roce s s   for   t h e  

c o n t i n u o u s   manufac tu re   of  a  l u b r i c a t i n g   grease   compr i s ing   b l e n d i n g  

feed  m a t e r i a l s   and  l u b r i c a t i n g   o i l   and  pumping  the  r e s u l t i n g   b l e n d  

through  at  l e a s t   one  m o t i o n l e s s   mixer   which  is  hea ted   to  such  a  

t e m p e r a t u r e   t h a t   soap  f o r m a t i o n   t akes   p lace   and  a  r e s u l t a n t   g r e a s e  

is  f o rmed .  

S u i t a b l e   feed  m a t e r i a l s   are  the  usual   t h i c k e n i n g   or  g e l l i n g  

agents   which  in  the  case  of  soaps  are  o f t en   made  in  s i t u   in  a t  

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

s a p o n i f i c a t i o n   agents   and  o p t i o n a l l y   canp lex ing   a g e n t s .  

S u i t a b l e   s a p o n i f i a b l e   m a t e r i a l s   are  long  chain  f a t t y   e s t e r s ,  

e s p e c i a l l y   g l y c e r i d e s ,   in  p a r t i c u l a r   where  the  f a t t y   group  c o n t a i n s  



a  hydroxy  r a d i c a l ,   such  as  r i c i n o l e y l   ( c a s t o r   o i l )   or  h y d r o g e n a t e d  

r i c i n o l e y l   (hydrogena ted   c a s t o r   o i l ) .  

Another   method  of  soap  f o r m a t i o n   is  to  n e u t r a l i z e   f a t t y   a c i d s  

or  hydroxy  f a t t y   ac ids   in  m i n e r a l   o i l   wi th   a l k a l i   metal   or  a l k a l i n e  

e a r t h   meta l   hyd rox ides   (or  m i x t u r e s   of  both)  or  h y d r a t e s   t h e r e o f  -  

in  p a r t i c u l a r   l i t h i u m   h y d r o x i d e   monohydra te   (LiOH.H2O).  A l t e r n a t i v e l y  

h y d r o g e n a t e d   f a t t y   ac ids   or  h y d r o g e n a t e d   hydroxy  f a t t y   ac ids   a r e  

commonly used  in  the  n e u t r a l i z a t i o n .  

S u i t a b l e   s a p o n i f i c a t i o n   a g e n t s   a r e  a l k a l i   meta l   or  a l k a l i n e  

e a r t h   meta l   hyd rox ides   (or  m i x t u r e s   of  b o t h ) ,   in  p a r t i c u l a r  

l i t h i u m   hyd rox ide ,   or  h y d r a t e s   t h e r e o f .   T h e r e f o r e ,   the  f e e d  

m a t e r i a l s   p r e f e r a b l y   c o m p r i s e  

a)  h y d r o g e n a t e d   c a s t o r   o i l   (HCO)  and  l i t h i u m   hydroxide   o r  

l i t h i u m   hydrox ide   m o n o h y d r a t e ;  

b)  HCO  and  l i t h i u m   hydrox ide   (or  monohydrate)   or  c a l c i u m  

h y d r o x i d e ;  

c)  Hydrogenated   c a s t o r   o i l   f a t t y   ac id   (HCOFA)  and  l i t h i u m  

h y d r o x i d e   or  l i t h i u m   hyd rox ide   monohydra te ;   a n d / o r  

d)  .  HCOFA  and  l i t h i u m   h y d r o x i d e   (or  monohydrate)  or  c a l c i u m  

h y d r o x i d e .  

S u i t a b l e   complexing  agen t s   are   s h o r t   chain  f a t t y   a c i d s ,   s u c h  

as  a c e t i c   ac id ,   d i c a r b o x y l i c   a c i d s ,   such  as  a z e l a i c   ac id ,   h y d r o x y  

a r o m a t i c   a c id s   such  as  s a l i c y l i c   a c id ,   b o r i c   ac id ,   a l u m i n i u m  

compounds,  e t c .   I f   such  complex ing   agen t s   are  used  the  p r o p o r t i o n  

of  s a p o n i f i c a t i o n   agen ts   is  u s u a l l y   i n c r e a s e d  w i t h   about   t h e  

s t o i c h i o m e t r i c   q u a n t i t y   of  the   complexing   a g e n t .  

Other  s u i t a b l e   t h i c k e n i n g   agen t s   are  c l a y s ,   i n c l u d i n g   c o a t e d  

c l a y s ,   s i l i c a   g e l s ,   po lymers ,   p o l y u r e a s ,   carbon  b l a c k ,   dyes,   e t c .  

S u i t a b l e   l u b r i c a t i n g   o i l s   a re   m ine ra l   o i l s ,   i n c l u d i n g   h y d r o -  

g e n a t e d   m ine ra l   o i l s ,   s y n t h e t i c   o i l s ,   such  as  e s t e r   o i l s ,   p o l y -  

o l e f i n   o i l s ,   s i l i c o n   o i l s ,   p h o s p h a t e   e s t e r s ,   po lypheny l   e t h e r s ,  

e t c .   S u i t a b l e   m ine ra l   l u b r i c a t i n g   o i l s   i n c l u d e   HVI,  p a r a f f i n i c  

MVI,  n a p h t h e n i c   MVI  and  LVI  o i l s .  



To  the  base  g r ea se s   may  be  added  a d d i t i o n a l   l u b r i c a t i n g   o i l  

and  a d d i t i v e s ,   such  as  a n t i o x i d a n t s ,   a n t i - r u s t ,   a n t i - w e a r   a n d  

extreme  p r e s s u r e   agen t s ,   pour  p o i n t   d e p r e s s a n t s ,   metal   d e a c t i -  

v a t o r s   e t c .  

S u i t a b l e   l a b o r a t o r y - t y p e   m o t i o n l e s s   or  s t a t i c   mixers   have  t h e  

form  of  a  c y l i n d e r   or  tube  having   a  l e n g t h   of  65.5  to  66.5  cm  a n d  

a  d i a m e t e r   of  3.3  to  3.6  cm.  They  are   p r o v i d e d   with  an  i n s u l a t e d  

h e a t i n g   j a c k e t ,   us ing   e .g .   e l e c t r i c   t ape   having  a  h e a t i n g   c a p a c i t y  

of  e . g .   400  wa t t   per  mixer ,   or  a  h e a t i n g   medium  as  the  h e a t i n g  

source .   The  i n s i d e   of  the  c y l i n d e r   is   p r o v i d e d   with  e .g .   v a n e s ,  

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

bars   and  s i m i l a r   f ixed   mechan ica l   o b s t a c l e s   caus ing   mixing  a n d  

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

p l a t e s   is  d e s c r i b e d   in  e .g .   B r i t i s h   p a t e n t   s p e c i f i c a t i o n   2086249 ,  

but  o t h e r   types   may  be  used  as  w e l l .  

S u i t a b l e   mixers   are:   the  S u l z e r   m o t i o n l e s s   mixer  SMX  t y p e  

which  is  655  mm  long  x  36  mm  i n t e r n a l   d i a m e t e r   and  the  S u l z e r  

m o t i o n l e s s   hea t   exchanger   SMXL  type  which  is  665  mm  long  x  32.8  mn 

i n t e r n a l   d i a m e t e r .  

For  commercial   p r o d u c t i o n   the  s i z e s   of  the  mixers  r e q u i r e  

s c a l i n g   u p .  

Accord ing   to  the  p r e s e n t   p r o c e s s   the  base  g r e a s e - m a k i n g  

i n g r e d i e n t s   are  p r e f e r a b l y   b lended   a t   room  t e m p e r a t u r e   in  a  

c o n t a i n e r   from  which  they  are  pumped  t h rough   at   l e a s t   one  m o t i o n -  

l e s s   mixer ,   p r e f e r a b l y   s e v e r a l   m o t i o n l e s s   mixers ,   p r e f e r a b l y  

l o n g i t u d i n a l l y   connec ted .   They  may  a l s o   be,  or  a d d i t i o n a l l y   b e ,  

connec ted   in  a  p a r a l l e l   m a n n e r .  

The  average   v e l o c i t y   of  the  m i x t u r e   in  the  mixers  may  be  3  kg  

to  50  kg/h ,   p r e f e r a b l y   7  to  30  kg/h ,   the   flow  p r e f e r a b l y   b e i n g  

l a m i n a r .  

The  p r e s s u r e   at  the  e n t r a n c e   of  the  f i r s t   mixer  may  b e  

between  1  and  30  bar ,   p r e f e r a b l y   between  1 and  15  b a r .  

The  mixers   are  hea ted   to  a  s u i t a b l e   high  t e m p e r a t u r e ,   e . g .  
at  l e a s t   120  °C,  p r e f e r a b l y   between  120  and  250  °C,  p r e f e r a b l y   u p  



to  a  maximum  t e m p e r a t u r e   between  180  and  230 °C,  so  t h a t   a  g r e a s e  
s t r u c t u r e   is  formed  on  coo l ing .   P r e f e r a b l y   the  t e m p e r a t u r e   of  e a c h  

of  the  h e a t e d   mixers   is  h igher   than  t h a t   of  the  p r e c e d i n g   m i x e r  

and  so  o n .  

Thermocouples   may  be  p l aced   between  the  mixers   for  t e m p e r a -  

t u r e   c o n t r o l .  

I f   d e s i r e d   p a r t   of  the  f i n i s h e d   g r e a s e   may  be  r e c y c l e d .   A l s o  

the  pump  a t   the   e n t r a n c e   of  the  f i r s t   mixer   may  be  p rov ided   with  a  

r e c y c l i n g   c i r c u i t .  

The  s u b s e q u e n t   removal  of  wa te r   can  be  accompl i shed   by  s i m p l y  

dumping  the   r e s u l t i n g   g rease   in  an  open  v e s s e l ,   w h e r e a f t e r   a n y  
f u r t h e r   l u b r i c a t i n g   o i l   and  any  d e s i r e d   a d d i t i v e s   can  be  a d d e d .  

Due  to  c o n d e n s a t i o n   some  wa te r   may  be  p r e s e n t   in  the  o p e n  
v e s s e l .   I f   r e q u i r e d   complete   d e h y d r a t i o n   may  be  accompl i shed   u s i n g  

c o n v e n t i o n a l   f l a s h   vacuum  e q u i p m e n t .  

P r e f e r a b l y   the  base  grease   t o g e t h e r   wi th   a d d i t i o n a l   l u b r i -  

c a t i n g   o i l   and  a d d i t i v e s   is  pumped  t h rough   a  hea t   exchanger   t u b e  

for   mixing   and  c o o l i n g   to  ob t a in   the  d e s i r e d   c o n s i s t e n c y .  

Homogen i sa t ion   of  the  g r e a s e ,   i f   n e c e s s a r y ,   is  c a r r i e d   o u t  

u s ing   e . g .   a  Manton  Gaul in   h c n o g e n i s e r   a t   3000  ps ig   (20.7  MPa),  a  
m i l l   or  a  r o l l i n g   device   e t c .  

The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  f o l l o w i n g   Examples .  

EXAMPLE  1 

1.3  kg  f eed   c o n t a i n i n g :  

12  %w  h y d r o g e n a t e d   c a s t o r   o i l  

1.7  %w  LiOH.H2O 
86.3  %w  m i n e r a l   l u b r i c a t i n g   o i l   (HVI,  v i s c o s i t y   10 .7 -11 .8   cSt  a t  

100 °C,  VI  = 96  (min),  and 3 %w  (= 39 g)   wa te r   is  mixed  at   room 

t e m p e r a t u r e   fo r   a t   l e a s t   10  minutes   in  a  c o n t a i n e r   and  then  pumped 

at   a  flow  r a t e   of  8.3  kg/h  once  t h rough   a  s e r i e s   of  4  S u l z e r  

m o t i o n l e s s   mixers   (each  u n i t   c o n t a i n i n g   2  mixing  elements)   w h i c h  

are   b e f o r e h a n d   a d j u s t e d   to  t e m p e r a t u r e s   of  130,  170,  190  and  230 

°C,  r e s p e c t i v e l y ,   by  4  200  wat t   e l e c t r i c   h e a t e r s   per  m i x e r .  



The  f i n i s h e d   g rease   is  o b t a i n e d   at  the  o u t l e t   and  cooled   i n  

a  j a c k e t e d   SULZER  MONOTUBE  HEAT  EXCHANGER  which  c o n s i s t s   of  2 

u n i t s   each  1540  mm  long  x  32.8  mm  i n t e r n a l   d i ame te r .   Each  u n i t  

c o n t a i n s   1  SMXL  type  heat   exchanger .   The  unworked/worked  p e n e t r a -  

t i on   at  25 °C  was  262/273  dmm  (ASTM  D217-82)  (1  dmm  c o r r e s p o n d s  

with  0.1  mm)  and  the  d ropping   p o i n t   was  197  °C.  (Worked  p e n e t r a t i o n  

is  the  p e n e t r a t i o n   at   25 °C  a f t e r   60  double  s t r o k e s   in  a  s t a n d a r d  

grease   w o r k e r ) .  

The  f i r s t   two  Su lze r   mixers   were  of  the  type  SMX  DN32,  h a v i n g  

a  l ength   of  655  mm  and  an  i n t e r n a l   d i a m e t e r   of  36  mm  and  the  l a s t  

two  were  of  the   type  SMXL  DN32  (heat   exchanger   type  for  b o o s t i n g  

the  heat   t r a n s f e r   du r ing   warming  up  of  the  v i scous   m i x t u r e ) ,  

having  a  l e n g t h   of  665  mm  and  an  i n t e r n a l   d iamete r   of  32.8  mm. 

S u b s e q u e n t l y   the  water   p r e s e n t   in  the  g rease   was  f l a s h e d   o f f .  

Examples  2-6  are  c a r r i e d   out  in  the  a r rangement   of  Example  1 ,  

but  the  flow  r a t e   is  changed,  r e s u l t i n g   in  d i f f e r e n t   o u t l e t  

t e m p e r a t u r e s ,   p e n e t r a t i o n s   and  d ropp ing   p o i n t s   (see  Table  A ) .  





1.  A  p r o c e s s   for   the  c o n t i n u o u s   manufac tu re   of  a  l u b r i c a t i n g  

g r ea se   c o m p r i s i n g   b l e n d i n g   feed  m a t e r i a l s   and  l u b r i c a t i n g   o i l  

and  pumping  the  r e s u l t i n g   b lend  through  at  l e a s t   one  m o t i o n l e s s  

mixer  which  is  hea ted   to  such  a  t e m p e r a t u r e   t h a t   soap  f o r m a t i o n  

t akes   p l ace   and  a  r e s u l t a n t   g rease   is  f o rmed .  

2.  A  p roce s s   a c c o r d i n g   to  c la im  1,  where in   the  b l e n d i n g   of  f e e d  

m a t e r i a l s   and  l u b r i c a t i n g   o i l   is  c a r r i e d   out  at   room  t e m p e r a t u r e .  
3.  A  p r o c e s s   a c c o r d i n g   to  c la im  1  or  2,  where in   the  feed  ma-  
t e r i a l s   c o m p r i s e  

a)  h y d r o g e n a t e d   c a s t o r   o i l   (HCO)  and  l i t h i u m   h y d r o x i d e   o r  
l i t h i u m   hydrox ide   m o n o h y d r a t e ;  

b)  HCO  and  l i t h i u m   hydrox ide   (or  monohydrate)  or  c a l c i u m  

h y d r o x i d e ;  

c)  Hydrogena ted   c a s t o r   o i l   f a t t y   ac id   (HCOFA)  and  l i t h i u m  

hyd rox ide   or  l i t h i u m   hydrox ide   monohydrate;   a n d / o r  

d)  HCOFA  and  l i t h i u m   hydrox ide   (or  monohydra te )   or  c a l c i u m  

h y d r o x i d e .  

4.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  c la ims   1-3,  where in   a  
s e r i e s   of  hea t ed   m o t i o n l e s s   mixers   is  used,   each  mixer   h a v i n g  

a  h i g h e r   t e m p e r a t u r e   than  the  p r eced ing   o n e .  

5.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  c la ims  1-4,  whe re in   t h e  

m o t i o n l e s s   mixers   have  v a n e s .  

6.  A  p r o c e s s   a c c o r d i n g   to  any one  of  c la ims  1-5,  where in   t h e  

mixers   are  hea ted   to  a  t e m p e r a t u r e   between  120  and  250  °C. 

7.  A  p r o c e s s   a c c o r d i n g   to  any one  of  c la ims  1-6,  where in   t h e  

r e s u l t i n g   g rease   is  cooled   in  a  hea t   exchanger   t u b e .  

8.  A  p roce s s   a cco rd ing   to  any one  of  c la ims  1-7,  where in   t o  

the  r e s u l t i n g   g rease   a d d i t i o n a l   l u b r i c a t i n g   o i l   and  a d d i t i v e s   a r e  
a d d e d .  

9.  A  p r o c e s s   a c c o r d i n g   to  claim  1,  s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

d e s c r i b e d .  

10.  A  l u b r i c a t i n g   g rease   whenever  p r e p a r e d ,   a c c o r d i n g   to  a  

p roce s s   as  c la imed  in  any one  of  c laims  1 - 9 .  
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