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Three-Dimensional Torque Rheometry Mapping of Rigid PVC Compounds 

ior can obtained if tests are run at different rotor 
rpms. charge weights. or bowl temperatures. A com­
mon practice is to superimpose these test results on 
two-dimensional plots. This gives a rigid PVC for­
mulator a better view of a compound's performance 
behavior over the range of test conditions. 

To demonstrate the use of three-dimensional 
graphics. we evaluated a standard PVC pressure 
pipe compound under a variety of test conditions. 
The rigid PVC compound was as follows: 

Ingredient Amount 

PVC resin 
Tin stabilizer 
TLP-2030 lubricant 
Calcium carbonate 
Titanium dioxide 

100.0 parts 
0.40 phr 
2.00 phr 
500 phr 
1.00 phr 

The TLp·2030 lubricant is a packaged lubricant 
system containing calcium stearate. paraffin. and 
polyethylene waxes. This formulation was evalu­
ated under the following conditions: 

1.	 Variations in rotor rpm: Tests were run using a 
charge weight of 65 g. an oil temperature of 
185°C. and rotor speeds of 20.30.40.60.80. and 
100 rpm. 

2.	 Variations in oil temperature: Tests were run us­
ing a charge weight of 65 g. a rotor speed of 60 
rpm. and oil temperatures of 165°C. 175°C. 
185°C. 195°C. 205°C. and 215°C. 

3.	 Variations in charge weight: Tests were run us­
ing a rotor speed of 60 rpm. an oil temperature of 
185°C. and charge weights of 60.0 g. 62.5 g. 
65 g. 67.5 g. 70 g. and 72.5 g. 

The results for the above variations in test condi­
tions. each with six curves superimposed on a two­
dimensional graph. are shown in Figs. 5 through 7. 
To prepare these graphs. the test results from six 
different torque rheometry runs were combined onto 
one Lotus Symphony spreadsheet. The numerial 
output for the first 22 s of the variation in rotor rpm 
evaluations appear in Fig. 8. Superimposed two­
dimensional graphs prOVide some greater insight 
into the processing characteristics of the compound 
over a range of processing conditions. However. it 
can be difficult to distinguish between the results 
from different test runs. 

THREE-DIMENSIONAL TORQUE 
RHEOMETRY GRAPHS 

Three-dimensional graphs of the same data that 
were plotted out in two dimensions appear in Figs. 
9 through 11. The three-dimensional torque rheom­
etry plots give a broader view. or a map. of a com­
pound's processing behavior. As can be seen in Fig. 
9. as the rotor rpm increases. fusion times decrease 
and compaction and fusion torques increase. In Fig. 
10. the response of the sample to variations in oil 
temperature varies somewhat. Fusion times de­
crease with increasing oil te.mperature. Compaction 

~---~~.~­
\­

Fig. 5. Two-dimensional torque rheometry chart: Varia­
tion in rotor rpm from 20 to 100. 
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Fig. 6. Two-dimensional torque rheometry chart: Varia­
tion in bowl temperature. 
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Fig. 7. Two-dimensional torque rheometry chart: Varia­
tion in charge weight. 
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Fig. 14. Three-dimensional torque rheometry map: highly filled PVC pipe compound. variation in rotor rpm. 

or reason out potential improvements to a PVC com­ ment to the application and use of torque rheome­

pound or screw and tooling setup. A three-dimen­ ters in the rigid PVC industry.
 
sional torque rheometry graph gives one a sense of
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