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MACROMOLECULAR REPORTS, A28(SUPPL. I), 31-36 (1991) 

A NEW METHOD OF CHARACTERISING LUBRICATING PROPERTY OF RUBBER LIBRICANTS 

- Zhou Yanhao. L; j ingzhe ,  & Weidong and Zhihong 

Department of Polymer Science,  Bei j  inq I n s t i t u t e  of Chemical Technology, 
Hepinq S t . ,  B e i j  ing. 100013, China 

ABSTRACT 

Recent ly  t h e r e  has  heen g r e a t  s i q n i f i c a n c e  a t t a c h e d  t o  rubber  
l u b r i r a n t s  because they a r e  a s s o c i a t e d  wi th  h igh  output ,  good 
product  q u a l i  t y  and low energy consumption. However. e x i s t i n g  
methods f o r  t h a r a c t e r i s i n g  t u b r i c n t i n g  proper ty  a r e  t o o  
apparent .  According t o  a r h e o l o g i r a i  method hased on the  
Rahinowitsch equat ion  and r a p i t l a r y  w a i l  s l i p  c o r r e c t i o n ,  the  
‘ s l i p  r o e f f i r i e n t - - p ’  and ‘ s l i p  velot i ty--Vs’  a t  the  metal 
wal l  can be determined.  Therefore  i t  i s  p o s s i h l e  t o  cliarac- 
t e r i s e  quanti t a t i r e l y  the  eh terna!  l u h r i c a t  inp p r o p e r t y  of 
v a r i o u s  rubber  l u b r i c a n t s  w i t h  0 and Vs. 

INTRODUCTION 

Rubber l u b r i c a n t s  a r e  rompounding i n g r e d i e n t s  t h a t  he lp  improve compound 
p r o c e s s a h i t i t i e s .  such as flow proper ty .  f i l l e r  d i s p e r s i o n  and mold r e l e a s e  
of product ,  y e t  hare  no d e t r i m e n t a l  e f f e c t s  on the  ruhber .  F r i c t i o n  among 
rubber  marromoloecukes and f r i c t i o n  he twem compound and metal s u r f a c e  of 
process ing  machine a r e  reduced dur ing  process ing  h y  the use of l u b r i c a n t s .  
the  former e f f e c t  i s  c a l l e d  t h e  i n t e r n a l  i u h r i c a n t i o n .  and the l a t t e r  the  
e x t e r n a l  luhr  i c a t  i on. 
I n  recent  gears .  the  v a r i e t y  of rubber l u b r i c a n t s  has  increased .  The 
attention given t o  f lurochemicat  l u b r i c a n t s .  mult i -purpose SAPAs and complex 
l u h r i r a n t s  has been doubled( 1-4). Although the ruhher  i n d u s t r y  i s  in urgent  
need of a new method f o r  c h a r a c t p r i s i n g  Lubricat ing proper ty ,  t h e r e  has  not 
been enough work done i n  this  r e s p e c t .  
By l u b r i c a t i n g  p r o p e r t i e s  we mean both  e x t e r n a l  and i n t e r n a l  l u b r i r a t i o n  
p r o p e r t i e s .  h‘inq(5) used the  ‘ i n t e r n a l  l u h r i c a t i o n  index’-ATg V1 (where V I  
is  the percentaqe  bs  volume of l u b r i c a n t ,  and  ATg i s  the dpr rpase  i n  g l a s s  
t r a n s i t i o n  temperature  a f t e r  the a d d i t i o n  of t u b r i r a n t )  t o  e v a l u a t e  i n t e r n a l  
lubricating p r o p r r t v  of l u b r i c a n t s  f o r  PVC. The h iqher  v a l u e  of C T g  V1, t h e  

Based 
Praha. Czechoslovakia. Aug. 28-Sept. 1, 1 9 8 9  

on a paper  presented  a t  the 2 1 s t  I n t e r n a t i o n a l  Rubber Conferenct ,  
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32 ZHOU ET AL. 

b e t t e r  the  i n t e r n a l  l u h r i c a t i n g  proper ty .  However. t h i s  method i s  no t  
s u i t a b l e  f o r  rubber. f o r  the  g l a s s  t r a n s i t i o n  temperature  of  ruhher i s  too 
L O W  t o  he measured e a s i l y .  I t  was a l s o  t o  put  forward t h a t  i n t e r n a l  
l u b r i c a t i n g  e f f i c i e n c y  i n  p l a s t i c s  could he assessed  wi th  the  ‘ p l a s t i c  
deformat ion  va lue’  given h v  a Brahender P las tograph(6) .  Havertand and 
Hofmann(7) had s t u d i e d  the  e f f e c t  of some [ u h r i c a n t s  on the v i s c o s i t y  of 
EPDM,CR,NBR.NR and SBR compounds wi th  R hiqh  p r e s s u r e  c a p i l l a r y  r i s c o m e t e r  as  
a means of a s s e s s i n g  t h e  i n t e r n a l  t u h r i r a t i n g  e f f i r i e n r y .  Externa l  
l u h r i r a t i n g  proper ty  i s  g e n e r a l l y  r h a r a t  t e r i s e d  hy  the  change i n  e x t r u s i o n  
o u t p u t ,  which i iwludes  the ’ l u h r i r a t i o n  va lue’  ( e s t r u s i o n  output  p e r  u n i t  
torque and u n i t  t ime)  measured wi th  a Brahender P tas tograph  and the  e x t r u s i o n  
output  i n  a r a p i l l a r y ,  e t r ( 6 ) .  The Gartork Flow T e s t e r  r a n  be a l s o  u t i l i s e d  
t o  a s s e s s  e x t e r n a l  t u h r i c a t i o n t 1 ) .  But a l l  these  method a r e  e i t h e r  not 
q u a n t i t a t i v e  enough, too inconvenient .  or  t o o  apparent  t o  he of p r a r t i r a l  
s i g n  i f i c anc e . 
Rerent ly .  Lehlanr (8)  i n d i r a t e d  t h a t  l u h r i c a n t s  rould enhanre wal l  s l ippagp of  
rubber  compounds because of t h e i r  e x t e r n a l  l u h r i r a t  inq proppr tv ,  and t h a t  the  
wal l  s l i p p a g e  v e l o c i t y  rourd  he u t i l i s e d  t o  assess esterna! l u b r i c a t i n g  
proper ty .  H l b e r l e i n ( 9 )  has  r e c e n t l y  s tud ied  the w a l l  s l i p p a g e  behavior  of  
ruhber  rompourids wi th  the modified Mooney vis rometer .  the  r e s u l t s  showed t h a t  
the  wal l  s l i p p a g e  behavior  was r e l a t e d  t o  zhear  r a t e  and v i s c o s i t y  of 
compound As s t a t e d  above, the drop i n  v i s r o s i t y  i s  r e l a t e d  t o  i n t e r n a l  
l u b r i c a t i o n ,  so wal l  s l i p p a g e  m l o c i t y  t a n  he u t i l i s e d  t o  c h a r a c t e r i s e  
i n t e r n a l  as well  as e x t e r n a l  l u b r i r a t i o n .  Thus, i t  ran he seen  tha t  the  
s tudy of wat t  s l i p p a g e  w i l l  p o s s i h l y  provide a comprechensive means f o r  
q u a n t i t a t i v e  e v a l u a t i o n  of  l u h r i c a t i n g  p r o p e r t i e s .  In a d d i t i o n .  t h i s  i s  a l s o  
one of the  t a s k s  of s u r f a c e  rheoloqy. whirh has  been t a h n  s e r i o u s l y  
i n r r e a s i n q l y  i n  r e r e n t  years (  10) .  
W e  have made a comprehensive s tudy of the P f f e c t  of 11 I u h r i r a n t s  on the  
p r o p e r t i e s  of ruhher  compounds(11). O n  t h i s  h a s i s .  we have developed a new 
method based on r h e o l o g i r a l  p r i n c i p l e s .  --the wal l  s l i p p a q e  r o e f f i c i p n t  
method. t o  r h a r a r  t e r  i se tuhr i r a t  ing proper ty  quant i t a t  i v e  ly. 

MATERIALS AND METHODS 

1. M a t e r i a l s  and formula t ion  
SBR-15 00 provided 
P l a n t s .  J i  t i n  Prov. ,  China, 
Lubr icants ,  Af lux- l l  and Vanfre provided h y  Rhein-Chemie Rheina GmhH, F.R.G. 
Formulat ion ( p h r ) ,  SBR 100. s u l f u r  1.8, CZ 1 . 2 ,  ZnO 3 ,  s t e a r i r  ac id  1, HAF 
50. l u b r i c a n t  2 . 5  (There i s  no l u h r i c a n t  i n  c o n t r o l  compound) 
The rubber  rompound is  mixed in lahora tory  m i l l  under normal r o n d i t i o n s .  
2. Equipment 
The r h e o l o g i r a l  d a t a  f o r  the  rubber  rompounds a r e  obta ined  hy using the MF’T 
(Monsanto Processahi  t i t y  T e s t e r )  i n  the ‘00’  program mode(l2). 
3 .  P r i n c i p l e  and Method 
3a. P r i n c i p l e  
According to  the  p r i n c i p l e  of rheometry (13). i f  the  s l i p  v e l o c i t y  t V s )  of 
compound a t  the w a l l  of  n r a p i i l a r y  i n  the  e x t r u s i o n  i s  zero ,  t h e  
Rahinowitsch equat ion  is  given by 

h y J i I i n  Chem i c a 1 1 nd us t r i a I Comp anv 0 rq an i c S yn t hP s i s 
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LUBRICATING PROPERTY OF RUBBER LUBRICANTS 33 

- 5  
T w . 1 0  , Pa W 

Fiq .  1 9 p l o t  o f  ( r  I T , + , )  I s T~ f o r  cBR ~ ~ o m p o u n t  
withoi i t  lubricant ( A ) .  c-ontaininq Aflux (B,, r o n t a i n i n q  Vanfre (C), 

Diameter of r a p i l l a r y ,  l--lmm. 2--1.5nm. 3--2mm. 

Where Q i s  the volume f low r a t e .  T the  shear  s t r e s s  and i W  t h e  shear  s t r e s s  
a t  t he  w a l l .  the  s h e a r  r a t e  a id  R the  rad ius  of c a p i I l a r ) .  I f  there  i s  s l i p  
a t  t he  w a l l .  VskO. equatioii ( 1 )  should he modified t o  i nc lude  0 t p r m  
r e p r e s e n t i n g  'p lug  flow'. v i z .  

3 Dividing equntioii  ( 2 )  hy  n R  r w  OII both s ides .  we g e t ,  

T Z . ; ' d T  ( 3 )  C" 3 Q xR T W  = tvs  T W ) - ( l  R ) + ( 1 '  T W  ) 

In t roducing  the 'wai l  s l i p  r o e f f i c i e n t ' p  =Vs and the apparent  she 

r=@j  nR , equat ion  ( 3 )  ran  b e  wri t ten ,  
3 

ra t  

3b. Method 
( 1 )  Data of  T~ and r a r e  ohtained using a s e t  of  c a p i l l a r i e s  wi th  d i f f e r e n t  
r a d i i  but the  same length.1f  there i s  no s l i p  a t  the  w a l 1 . s  p l o t  of ( r  4 ~ ~ )  
1,s T~ f o r  d i f f e r e n t  R y i e l d s  a s i n g l e  curve. I f  s l i p  e x i s t s  a t  t h e  w a l l .  a 

d i s t i n c t  curve f o r  each R ran  be obtained ( s e e  Fig. 1). 
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34 ZHOU ET AL. 

v 

Fig.2 A plot o f  ( r  41,) I s i w  for SBR compounds rontaining Vanfre a t  

contain T ( 1 - - 2 . 8 5  1U Pa. 2 - 2 . 1 5  * 1U Pa, 3--2.65 * 1 U  Pa) 5 5 5 

( 2 )  From a plot of ( r  11,) 1 ’ s  i,, we can g e t  the values of  r 11, 

corresponding t o  different R values for  a number o f i W  . From equation (1) we 
can see that a t  constant i W  the r 41, should bt a linear function of 1 R 
with slop p ( s e e  Fig. 2) .  
( 3 )  A plot of fi 1 ’ s  i W  for different lubrirants can be used t o  compare 
lubricating property (see Fig. 3 ) .  
( 4 )  The slip velocity Vs o f  rubber compound a t  the wall of metal capillary 
can be determined according t o  Vs= 8 . 1,. 
In our experiments, we used a set of capillaries of diameters 2mm. 1.5mm and 
Imm but the same length of 3fJmm. The testing temperature was 90.C. 

RESULTS Avn oIScussIoN 

1. Slip phenomenon 
The curves ofi, I s ( r  I T , )  at different R for SBR compounds which contain 
the lubricants Aftux. V a n f r t  and no Lubricant (control compound) are shown in 
Fig. 1. 
From Fig. 1, i t  can be seen that  the rurves obtained for different R are 
distinct showing that slip of  the rubber rompound at the wall does exist. In 
other words, the standard equations in rapillary rheometry should be 
sodif ied accordinqky. 
By the way. our experiment< showed that not only SBR hut also other rubher:. 
such as NR. exhibit the wall slip phenomenon. So the effect of rubher 
compound at the metal wall on ruhber proressinq such as mixinq. extrusion etr 
should be taken seriously. 
2.  Slip roefficient and slip velocity 
From Fig.2. i t  can be seen that between r 4 i W  and 1 R there is a good linear 
relationship. This is consistent with equation ( 4 )  above. The slip 
coefficients p obtianed from the slops of the straight lines at different 
i W  are shown in Tah. 1. 
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compound 

con t ro l 

containing Vnnfre 

containing A f  l u ~  

35 

7 w *  I U - ~ ,  Pa 

2.60 2.65 2.70 2.7i 2.80 

0.0087 0.0131 0.0187 0.0246 0.0310 

0 . 0 2 2 1  0.0311 0.0319 0 .0422  0.0527 

0 . 0 2 9 9  0.0180 0.0698 0.0962 0.1323 

- 5  
T w . 1 0  , Pa 

c omp ound 

contro l  

containing Vanfre 

containing Af lus  

F i g . 3  A p l o t  of p I s T fo i  SBR rompounds containing d i f f e r e n t  
t uhr i cants  ( 1 --Con t r o 1, 2--Vanf r e ,  3 --A f t u ~ )  

T W  * P R  

2. 60 2.65 2.70 2.15 2.80 

0.0226 0.0355 0.0505 0.0677 0.0871 

0.0634 0.0832 0.0912 0.1160 0.1180 

0.0777 0.1270 0 . 1 8 8 0  0.2650 0.3700 

TABLE 1. 
S l i p  c o e f f i c i e n t  p a t  d i f f e r e n t  shear s t r e s s  ' T ~  for SBR rompounds 

-5 -1 -1 ( p  . l o  , m . P a  .S ) 

TABLE 2. 

for SBR compounds 
S l i p  v e l o c i t y  Vs ( m  * S-l) at d i f f e r e n t  shear s t r e s s  iW 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



36 ZHOU ET AL. 

A p l o t  of s l i p  r o e f f i c i e n t  p I ’ S  T~ f o r  SBR compounds conta in ing  d i f f r r p n t  
Lubricants  i s  shown i n  F ig .3 ,  and Tab.2 shows v a l u e s  of s l i p  v e l o c i t y  Vs a t  
d i f f e r e n t  T~ f o r  the same compounds. 
From Fig .3  and Tah.2. we can s e e  t h a t  Vs and p i n c r e a s e  wi th  T,+. Fig.  3 
shows t h a t  SBR compounds the l u b r i c a t i n g  e f f i r i e n c y  of Aflnx was h igher  
than t h a t  of  Vanfre. This  i s  1-oilsistent with r e s u l t s  we obta ined  previous ly  
(11) .  
I t  should be poin ted  out t h a t  when t h e r e  i s  s l i p  a t  wal l .  the  equat lons  i n  
c a p i l l a r y  rheometrg can be modified according t o  

f o r  

The s l i p  hehnvior  of o t h e r  rubber  compounds fo l lows  s i m i l a r  t rend.  

( 5 )  

where rno and r s l i p  a r e  the Newtonian(apparent) shear  r a t e  before  

and a f t e r  c o r r e c t i o n  f o r  s l i p  a t  the wall r e s p e c t i v e l y .  

CONCLUS I ONS 

1. S l i p  of rubber  compounds a t  the wal l  of  metal  c a p i l l a r y  e x i s t s  
2. The v e l o c i t y  

and s l i p  r o e f f i c i e n t .  Both the s l i p  v e t o r i t y  arid s l i p  c o e f f i r i e n t  increase  
wi th  i W  . 

3 .  E i t h e r  the  s l i p  v e l o r i t y  o r  the s l i p  r o e f f i c i e n t  can h e  used f o r  
q u a n t i t a t i v e  c h a r a c t e r i s a t i o n  of  l u b r i c a t i n g  p r o p e r t i e s .  Aflux-42 i s  a 
b e t t e r  l u b r i c a n t  f o r  SBR than Vanfre. 

‘ s l i p  c o e f f i c i e n t ’  method can be used t o  determine the s l i p  
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