
ABSTRACT 
This instrument has successfully measured 
steady shear viscosity with high repeatability 
without correction. The results fit well with 
other rheometers/viscometers when no-slip 
conditions are assured. The closed boundary 
configuration prevents edge fracture as 
commonly experienced with open boundary 
rheometers (DMA) on high viscosity, high 
elasticity materials.  The comparison of 
results using grooved dies (no-slip) and 
polished dies (slip) readily provides wall slip 
velocity under constant pressure. The results 
of wall slip versus shear stress follow a 
power-law func
 [ ]. 

This method separates shear rate from 
pressure effects on wall slip. It questions 
pressure-driven flow instruments which are 
using pressure measurement for shear stress 
calculation. 

 
INTRODUCTION 

Steady shear viscosity of rubber 
compounds is commonly measured using a 
capillary rheometer. This instrument 
however is requiring numerous tests to 
achieve the required corrections for true 
viscosity calculation to be used in modern 
flow simulation. These corrections are 
entrance pressure drop (Bagley), non-
Newtonian flow (Rabinovitch), and wall slip, 
making this test highly time-consuming and 
rather inaccurate. 

Steady viscosity measurement is 
performed in the RPA in a similar manner 
than standard open boundary DMA in 
rotational conditions. After the initial 
transient shear and when steady shear 
condition is reached, the shear stress is 
calculated from the torque plateau using Eq. 
1. 
 

           (1) 

 
In the RPA, steady shear test procedures 

are set using strain ( 0) and time. Shear rate is 
therefore calculated using Eq. 2. 
 

            (2) 

 
Viscosity is simply calculated according 

to Eq. 3. 
 

            (3) 

 
In standard operation, the RPA closed 
boundary test cavity provides an internal 
pressure of 4 MPa ± 0.3 MPa. This high 
pressure coupled with grooved dies provides 
slip-free shear as per a 2008 presentation at 
the XVth Congress of Rheology1 and free of 
edge fracture. 
 Wall slip is particularly difficult to 
apprehend essentially due to the complexity 
of rubber compound formulations and their 
interaction with the production tool. Wall slip 
is essentially an interface property. In 1931, 
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SUMMARY AND CONCLUSION 

The proposed technique using a closed 
boundary rheometer such as the RPA has 
been found very efficient to measure the 
steady shear viscosity of rubber compounds. 
Testing with grooved dies and polished dies 
enables as well the precise measurement of 
wall slip. A full study for true viscosity and 
wall slip can be performed in only a few 
hours. As wall slip remains an interface 
property, one must consider the results only 
valid for the used combination of compound 
formulation and tool material (steel, alloy, 
etc.) and surface roughness. In the case of the 
RPA, the die material and surface roughness 
can easily be changed for additional studies. 

This study also demonstrated that rubber 
compounds slip in a different way than 
regular thermoplastics such as polyolefines. 
Polyolefines tend to slip more at a high shear 
rate/shear stress than at a low shear rate13. 
Most of the tested productive rubber 
compounds behave oppositely. Due to the 
huge variety of rubber compound 
formulations, this conclusion will require 
further investigations for possible 
generalization. 

 
The used instrument provides a maximum 

shear rate of 50 s-1 with biconical dies. The 
replacement of one conical die by a flat one 
(Cone-plate) increases the maximum 
achievable rate 100 s-1. The maximum shear 
rate could be further increased by using 
parallel plate dies with a reduced die gap. It 
must be kept in mind that the maximum shear 
rate available will always be limited by the 
compound critical shear stress above which 
appears melt fracture. In the current study, 
the occurrence of melt fracture appeared 
around 300,000 Pa at a shear rate between 1 
and 10 s1 for the EPDM/Silica compound. 
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