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Evaluation of Correlation Between Configuration and Distributive Mixing
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—— Synopsis ——

The influence of the configurations on the distributive mixing performance of Dulmage type screw (DS) was
investigated by the extrusion test to distribute pigments into polymer by using four types of DS. The performance was
evaluated in terms of the temperature profiles in the polymer melt and the degree of uniformity of pigments on the
cross-section of the extrudates. The temperature profiles which the temperature decreased from the center to the wall
of the flow path were generated in the polymer melt mixed by each DS. The differences between the maximum and
the minimum of the temperature profiles were about 1 degree C. Thus, it was revealed that each DS has the enough
distributive mixing performance to uniform the temperature profiles inside the polymer melt. The average temperature
of the polymer melt was dependent on the configuration. The longer the length of each ring section was, the lower the
average temperature of the polymer melt became. The information entropy (U) which was calculated from the cross-
sectional images of the extrudates prepared by each DS trended to decrease with proportional to the screw rotation
speed regardless of the configuration. However, the magnitude of the fluctuation of U with the screw rotation speed was
dependent on the configuration. The fluctuation of U is related to the degree of the circulation of the master-batch included
color pigments inside the grooves of fin section and the circulation orbit. In case of the above configuration, the possibility
to split MB flow at the inlet of each fin section was higher. Thus, it is guessed that the fluctuation was influenced by the
entry of MB to the circulation orbit which was different from the one at the previous fin section due to this split.
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Tablel Dimensions of Dulmage screws

Dimension (a) STD-type | (b) CD-type | (c) NG-type | (d) LR-type
Diameter of screw 49.5 mm 49.5 mm 49.5 mm 49.5 mm
Length of screw 150 mm 150 mm 150 mm 150 mm
Channel depth 4.5 mm 6.0 mm 4.5 mm 4.5 mm
Number of fin section 4 parts 4 parts 4 parts 4 parts
Number of grooves in fin section 12 grooves 12 grooves 14 grooves 12 grooves
Length of fin section 10 mm 10 mm 10 mm 10 mm
Length of ring section 12 mm 12 mm 12 mm 14 mm
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Table2 Conditions of extrusion test

Condition Value
Throughput 30.7 kg/h
(LDPE) (30 kg/h)

(Color Master Batch)
Screw Rotation Speed

(0.7 kg/h)
40~100 rpm ( by 10 rpm)

Barrel Temperature 200 °C
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