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Project Code: BRG4780023
Project Title: Normal Stress, Radial Extrudate Swell and Velocity Profiles of Flowing
Polymer Melts in Single-Screw Extruder with Electro-magnetic Dies

Main Researcher: Professor Dr Narongrit Sombatsompop

Email address:  narongrit.som@kmutt.ac.th

Project Period: 31" August 2004 - 30" August 2007

Objectives:

1. Designing and developing an electro-magnetized die to be used in the parallel co-
extrusion technique for simultaneous measurements of normal stress, radial extrudate
swell and velocity profiles of polymer melts flowing in a single screw extruder

2. Investigating effects of test conditions such as magnetic flux density and direction,
molecular structure of polymers, die temperature, and shear rate (rotating speed) on
extrudate swell and velocity profiles of polymer melts flowing in the single screw
extruder.

3. Relating the normal stresses, radial extrudate swell with the velocity profiles of polymer

melts in the single screw extrusion process

Methodology, Results and Discussion

This research project determined the radial extrudate swell and velocity profiles of
polystyrene melt flowing in a single screw extruder using a specially designed electro—
magnetized die together with “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 magnetic flux density and direction, molecular
structure of polymers, die temperature, shear rate and rotating speed extrudate were
considered. The presentation of research outputs from this project is in the form of

combination of all papers published in various international journals.

The work was started by designing and constructing an electro-magnetized capillary die to
be used with the PCT technique in order to study the changes in the overall and radial
extrudate swell ratio of PS melt flowing in a single screw extruder [Polymers for Advanced
Technologies, 16 (7): 505-514 (2005)]. The effects of magnetic flux density, wall shear

rate (screw rotating speed) and die temperature were studied. The results suggested that, in
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the case of non-magnetic die the average overall swell ratio of the melt ranged from 1.25

to 1.55. The swelling ratio increased with increasing wall shear rate up to 8.5s " and then
decreased at 17.1s . Increasing die temperature caused a reduction of extrudate swell ratio.
The changes in extrudate swell ratio can be explained using the simultaneously measured
velocity profiles during the flow in the die, and the swell ratio decreased with increasing
radial position. Melt contraction of the melt layer near the die wall was observed. The die
temperature was found to have no effect on the change of the radial extrudate swell profiles.
When an electro-magnetized die was used, the average overall swell ratio was found to
increase with increasing magnetic flux density to a maximum value and then decreased at
higher flux densities. The magnetic flux density of the maximum swell was changed by the
wall shear rate. It was associated with a balance of elastic and magnetic energies during the
flow. The magnetic energy was thought to have a pronounced effect on the swell ratio at low
shear rate and low die temperature. Considering the radial position, the highest swell ratio
occurred at the duct center, in the range of 2.4-3.3. There was no extrudate contraction of

the melt layer near the die wall.

The work on swelling behaviour of PS melt during extrusion was extended to investigate the
effect of die materials on such behaviour [Polymer Journal, 37 (7): 541-544 (2005)]. It
was found that the extrudate swell ratio of PS melt changed upon exposure to the magnetic
field, the magnitude of the change being slightly larger than the scattering of the data. The
extrudate swell increased for a steel die and decreased for a stainless die. The reason was not
clear at the present time. An interpretation of the observed phenomena was made in terms of
the normal stresses and anisotropic magnetic energy stored by the deformation of the chains
under flow. Further study is under way to clarify the effect of the magnetic field on the flow
of the polymer melt using viscoelastic measurement under the magnetic field. By comparing
the extrusion swell ratios and velocity profiles obtained from single screw extruder with
capillary theometer [Polymer Testing, 24 (8): 948-952 (2006)], it was found that the
overall swell ratio of the PS melt measured in the extruder was greater than that in the
theometer, this being caused by the differences in the flow properties of the melt in these
two machines. The discrepancies in the radial extrudate swell profiles from the rheometer
and extruder could be explained by the velocity profile development. When an electro-
magnetized die was used, the swelling ratio of the melt changed with magnetic flux density

and was affected by the size of the machinery used.
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Finally, the extrudate swell behaviour of thermoplastic melts, with different molecular
structures, flowing into an electro-magnetized die during extrusion was studied [Polymer
Engineering and Science 47 (3): 270-280 (2007)]. The effects of the magnetic flux
direction and density, die temperature and wall shear rate on the extrudate swell and flow
properties were of interest. The experimental results suggested that an increasing wall shear
rate increased the swelling ratio for the PS, LLDPE and PVC melts, but the opposite effect
was observed for the ABS and PC melts. The extrudate swell ratio for the PS, ABS, PC,
and LLDPE melts decreased with increasing die temperature, the effect being reversed for
the PVC melt. Thermoplastic melts having high benzene content in the side-chain and
exhibiting anisotropic character were apparently affected by the magnetic field, the extrudate

swell ratio increasing with magnetic flux density. The effect of the magnetic field on the

extrudate swell ratio decreased in the order of PS —> ABS —>» PC. The extrudate swell ratio
for the co-parallel magnetic field system was slightly higher than that for the counter-

parallel magnetic field system at a high magnetic flux density.

Conclusion and suggestions to further work

Conclusion

This project has designed and developed an electro-magnetized die to be used in the parallel
co-extrusion technique for simultaneous measurements of radial extrudate swell and velocity
profiles of polymer melts flowing in a single screw extruder. The main findings of this work
suggested that when an electro-magnetized die was used, the average overall swell ratio
increaséd with increasing magnetic flux density to a maximum value and then decreased at
higher flux densities. It was associated with a balance of normal stresses and magnetic
energies during the flow. The magnetic energy was thought to have a pronounced effect on
the swell ratio at low shear rate and low die temperature. The extrudate swell increased for a
steel die and decreased for a stainless die. The overall swell ratio of the PS melt measured in
the extruder was greater than that in the extrusion rheometer. Under magnetic field, the
swelling ratio of the melt changed with magnetic flux density and was affected by the size of
the machinery used. Increasing wall shear rate increased the swelling ratio for the PS,
LLDPE and PVC melts, but the opposite effect was observed for the ABS and PC melts.
The extrudate swell ratio for the PS, ABS, PC, and LLDPE melts decreased with increasing
die temperature, the effect being reversed for the PVC melt. Thermoplastic melts having
high benzene content in the side~chain and exhibiting anisotropic character were apparently

affected by the magnetic field. The effect of the magnetic field on the extrudate swell ratio
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decreased in the order of PS —> ABS —> PC. The extrudate swell ratio for the co-parallel
magnetic field system was slightly higher than that for the counter-parallel magnetic field

system at a high magnetic flux density.

uggestior WOr
In the next step, as the Parallel Co-extrusion Technique (PCT) with electro-magnetized die
system has now been well-established it should be used for measurements of radial extrudate
swell and velocity profiles of flowing polymer melts in more complex polymer processing
techniques such as co-extrusion processes. In the future work, the radial extrudate swell and
velocity profiles of co-extruded melts under different magnetic flux densities to the die will be
investigated. Two coextrusion geometries are to be studied, one being single core co-extrusion
and the other being multi-core co-extrusion. An experimental test rig will be specially designed
and constructed to allow both single and multi-layer co-extrudates under magnetic field to be
produced and to allow both radial extrudate swell and velocity profiles to be simultaneously
measured. In terms of polymer systems, since PS melt was found in our previous works to be
most affected by the magnetic field, all co-extruded polymer systems are based by the PS as
skin layer. Examples of skin/core extrudates to be produced are PS/LLDPE, PS/PVC, PS /ABS
and PS/PC. The effects of wall shear rate, die temperature, magnetic flux density, polymer
type, viscosity ratio, co-extrusion geometry, and core-to-skin size ratio on the radial extrudate

swell and velocity profiles are of our main interest here.





