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Simultaneous In-situ Analysis of Instabilities and First Normal Stress
Diﬀerence during Polymer Melt Extrusion Flows
Tailoring polymer nanocomposite microstructure by controlling orientation,
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and their main characteristics are presented in
Table 1, as provided by the supplier. A packaging grade polyethylene with a long chain
branched molecular architecture, i.e. low density polyethylene was used as matrix. Master
batches of high filler concentrations (e.g. 16.7
wt%) were produced via melt mixing in a twins
screw extruder with the melt zone temperature
set to 190 C. The effect of concentration was
studied by diluting the master batch to concentrations of 7.5 wt% and 1.5 wt% of both M25
and M5. The dilution was performed in a single screw extrusion with a compression screw
(compression ratio of 2:1) and Maillefer screw
with a Saxton mixing element and a 3 mm die.
The dilution was achieved by several runs for
each batch. A compression screw (compression
ratio of 2:1) was used for the final extrusion
flow study, equipped with dies of dimensions
10 mm x 0.45 mm and 20 mm x 0.45 mm.
For both dilution and shaping, a Brabender
single screw extruder 19/25D (barrel diameter
of 25 mm and barrel length of 25 ⇥ 19) was
used. The extruder was equipped with Terwin
2000 series (model 2076) melt pressure sensors with maximum pressure of 700 bar for
inline rheometry. Shear viscosity and normal
stress difference measurements via the ’hole
effect’4, 5 were performed, however they are
not discussed in this publication. The extrusion
setup is complemented by two Brabender conveyor belts with belt speeds of 6 m/s and 18
m/s, respectively and rollers to impose a draw
ratio, and an inline visualization system for
monitoring the onset of instabilities.4 Overall,
the influence of the apparent (die) shear rate,
Table 1. The main characteristics of the
graphite nanoplatelets (GnP) used in the
present study, as provided by the supplier.
Grade

Average
particle
diameter
µm

Surface
area (BET)
m2 g 1

Average
thickness
nm

Density
kg/cm3

M5

5

120 - 160

6-8

2.2

M25

25

120 - 160

6-8

2.2

188

defined6 as ġa = 6Q/W H 2 , where Q is the volumetric flow rate entering the die and W and H
are the width and height of the slit die, and of
the draw ratio defined as v2 /v1 , where v2 is the
linear velocity between the rollers and v1 is the
average velocity inside the extrusion die. Scanning electron microscopy (SEM) analysis was
performed on the extruded films in order to assess the orientation of the GnP.
RESULTS AND DISCUSSION
By controlling the flow and drawing deformation rates and the material composition different microstructures can be obtained. In the
case of filler concentration over 7.5wt% e.g.
the master batches a strongly agglomerated microstructure was observed, e.g. see Fig. 1(a).
The high filler concentration signifies also that
the fillers are distributed until close to the surface of the films thus affecting their appearance. Any orientation effects observable can be
related to the orientation of agglomerates along
their principal axes to the flow direction. This
was characteristic of the microstructure independent of the shear rates, ġa [35, 350] s 1 ,
draw ratios applied, the maximum draw ratio
being v2 /v1 = 5 for g˙a = 35 s 1 and the GnP
grade. It should be noted that the ability of the
extrudates to withstand the applied draw ratios was reduced for the filled samples compared to the unfilled samples, e.g. for LDPE
the maximal draw ratio applied at ġa = 35 s 1
was v2 /v1 = 13, limited only by the speed
of the conveyor belt, whereas in the case of
the LDPE-GnP nanocomposite sample fracture
was recorded above v2 /v1 = 5. For diluted GnP
concentrations, i.e. 7.5wt% and 1.5wt% and in
the absence of an applied draw ratio well dispersed and perfectly oriented GnP in the flow
direction for all shear rates investigated, e.g.
Fig. 1(b), (c) independent the GnP grade. It
should be noted that even at the lowest shear
rates investigated (ġa = 35 s 1 ) the orientation and de-agglomeration of the fillers was
observed, which can be related to the onset
of nonlinear deformations in the melt (below
the shear rats applied during extrusion) and the
long residence time distribution associated to
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Figure 2. In-situ qualitative observations of the orientation dynamics towards the end of the
metering zone, (ii), of a compression screw, compression ratio 2:1, (a), during the extrusion flow
of PE-GnP nanocomposites showing the orientation of GnP along the streamlines of the secondary
flows, (b). The following notations were used for the screw zones: (i) solid conveying zone, (ii)
transition zone and (iii) metering zone.
sion and, ensuring the desired orientation of
the nanofillers in the melt. Thus, the orientation
of low density polyethylene (LDPE) - graphite
nanoplatelets (GnP) polymer nanocomposites
during extrusion flow was considered in this
study with emphasis on orientation. A strong
orientation of the nanoplatelets was achieved
orientation for filler concentrations lower than
16.5 wt%, independent of the applied die shear
rates and filler type. However, a de-orientation
could be achieved with the application of a
draw ratio. The orientation of the fillers in
the flow direction could be observed as early
as the transition zone during screw channel

190

flow, with the platelets oriented along the secondary flows therein formed. Overall, extrusion flow is shown to be capable of successfully
de-agglomerating the nanofillers and achieving
orientation in LDPE - GnP systems, while exfoliation must be sought in the preparation stage
of the nanocomposites.
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