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Objectives:

1. To design and develop a parallel co-extrusion technique for simultaneous measurements of
radial extrudate swell and velocity profiles of polymer melts flowing in a capillary
Rheometer.

2. To investigate the effects of test conditions such as polymer type, die conﬁgurat.ions and
designs, die temperature, shear rate and electromagnetic flux density on radial extrudate
swell and velocity profiles of polymer melts flowing in the capillary Rheometer.

3. To relate the flow behaviour, radial extrudate swell and velocity profiles of polymer melts in

the capillary rheometer

Methodology, Results and Discussion

This research project determined the radial extrudate swell and velocity profiles of polystyrene
melt flowing in a capillary Rheometer using a novel technique, so called “parallel co-extrusion
technique (PCT)”. The PCT technique allowed simultaneous measurements of extrudate swell
and melt velocity across the die diameter. The test variables included shear rate, die designs and

configurations, die temperature and use of electro-magnetized die.

Paper# 1: Journal of Applied Polymer Science, 87(10): 1713-1722 (2003)

Two capillary dies with different design configurations were used, one being single flow channel
and the other being dual flow channel. It was found in this work that the power law index (n
value) was the main parameter to determine the output rate ratio and the extrudate swell
between the large and small holes for dual flow channel die, the greater the n value the lower
the output rate ratio and thus decreased extrudate swell ratio. The differences in the extrudate
swell ratio and flow properties for PS and LLDPE melts resulted from the output rate ratio and

the molecular chain structure respectively. The extrudate swell was observed to increase with



wall shear rate. The discrepancies in the extrudate swell results from single and dual dies for a
given shear rate were caused by differences in the flow patterns in the barrel and die, and the

change in the melt velocities flowing from the barrel and in the die to the die exit.

Paper#2: Polymers for Advanced Technologies, 14 (10): 699-710 (2003)

A dual channel die with mixed circular/slit flow channels in a constant shear rate rheometer
were used. In single channel die, the extrudate swell of both PS and LLDPE melts in circular
flow channel die was greater than that in slit flow channel, whereas, in dual channel die the slit
channel exhibited a higher extrudate swell ratio, the results being explained by revealing the
flow patterns of the melt in the barrel and die of the rheometer. The dimensionless size of the
vortex flows near the entrance, and the extent of dis-entanglement of molecular chains on
entering the die were the important factors for the differences in the extrudate swell ratios of the

melts at the die exit influenced by the die designs used.

Paper#3: Polymers for Advanced Technologies (accepted)

The magnetic flux density, barrel diameter, extrusion rate and die temperature were varied to
examine the extrudate swell behaviour and flow properties of a polystyrene melt. The results
suggest that the maximum swelling of the polystyrene melt with application of the electro-
magnetic field could be enhanced up to 2.6 times whereas that without the electro-magnetic field
was 1.9 times. The barrel diameter of 30mm was found to be a critical value in case that the die
swell ratio and flow properties of the PS melt were significantly affected by the magnetic flux
density. The die swell at wall shear rates less than 11.2s"' was caused by the magnetic torque,
whereas at higher wall shear rates it was dependent on the shearing force. For a given magnetic
flux density, the maximum increase in the die swell ratio as a result of the magnetic torque was
calculated to be approximately 20%. Increasing the die temperature from 180 to 200°C reduced
the overall die swell ratio and suppressed the effect of the magnetic flux density.

Paper#4: Polymer Engineering and Science, (accepted)

A new experimental technique to simultaneously measure radial die swell and velocity profiles
of polystyrene melt flowing in the capillary die of a constant shear rate Rheometer was. The
proposed technique was based on parallel co-extrusion of colored melt-layers into uncolored
melt-stream from the barrel into and out of the capillary die. The radial velocity profiles of the
melt were measured by introducing relatively light and small particles into the melt layers, and

the times taken for the particles to travel for a given distance were measured. The proposed



experimental technique was found to be both very simple and useful for the simultaneous 'and

accurate measurement of radial die swell and velocity profiles of highly viscous fluids in an
extrusion process. The radial die swell and velocity profiles for PS melt determined
experimentally in this work were accurate to 92.2% and 90.8%, respectively. The overall die
swell ratio of the melt ranged from 1.25 to 1.38. The overall die swell ratio was found to
increase with increasing piston speed (shear rate). The radial extrudate swell profiles could not
be reasoned by the shear rate change, but were closely linked with the development of the
velocity profiles of the melt in the die. The die swell ratio was high at the center (~1.9) and
low (~0.9) near the die wall. The die swell ratio at the center of the die reduced slightly as the

piston speed was increased.

Paper#5: Polymer Engineering and Science, (submitted)

An electro-magnetized capillary die was used to monitor the changes in the radial die swell
profiles of the melt. The magnetic flux density applied to the capillary die was varied in a parallel
direction to the melt flow, and all tests were performed under the critical condition at which
sharkskin and melt fracture did not occur in the normal die. The experimental results suggest that
the overall die swell for all shear rates increased with increasing magnetic flux density to a
maximum value and then decreased at higher densities. The maximum swelling peak of the melt
appeared to shift to higher magnetic flux density, and the value of the maximum swell decreased
with increasing wall shear rate and die temperature. The effect of magnetic torque on the die swell
ratio of PS melt was more pronounced when extruding the melt at low shear rates and low die
temperatures. For radial die swell and velocity profiles, the radial swell ratio for a given shear rate
decreased with increasing r/R position. There were two regions where the changes in the die swell
ratio across the die diameter were obvious with changing magnetic torque and shear rate, one
around the duct centre and the other around r/R of 0.65-0.85. In summary, the changes in the
overall die swell ratio of PS melt in a capillary die were influenced more by the swelling of the

melt around the centre of the die.

Conclusion and suggestions to further work

The extrudate swell was observed to increase with wall shear rate. The discrepancies in the
extrudate swell results from single and dual dies for a given shear rate were caused by
differences in the flow patterns in the barrel and die, the dimensionless size of the vortex and the
change in the melt velocities flowing from the barrel and in the die to the die exit. The extrudate
swell and velocity profiles of PS melt were affected by the magnetic field to the die. The barrel

-~ ¢ r £ -



diameter of 30mm was found to be a critical value in case that the die swell ratio and flow

properties of the PS melt were significantly affected by the magnetic flux density.

The Parallel Co-extrusion Technique (PCT) was found to be both very simple and useful for the
simultaneous and accurate measurement of radial die swell and velocity profiles of highly viscous
fluids in an extrusion process. The radial die swell and velocity profiles for PS melt determined
experimentally in this work were accurate to 92.2% and 90.8%, respectively. The overall die swell
for all shear rates increased with increasing magnetic flux density to a maximum value and then
decreased at higher densities. The effect of magnetic torque on the die swell ratio of PS melt was
more pronounced when extruding the melt at low shear rates and low die temperatures. The
changes in the overall die swell ratio of PS melt in a capillary die were influenced more by the

swelling of the melt around the centre of the die.

In the next step, the Parallel Co-extrusion Technique (PCT) should be used for measurements
of radial extrudate swell and velocity profiles of flowing polymer melts in real processes like
single and twin screw extruders, both with and without the application of the electromagnetic
fields. The normal stress differences would be of interest under the applied magnetic field to the

die used. (This is to perform in Advanced Research Scholar if granted).

Keywords: Capillary rheometer, Die/barrel designs, Polymer melts, Radial extrudate swell,

Velocity profiles.





