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ABSTRACT

The influence of molecular weight and long
chain branching of low density polyethylenes
on the onset of extrusion instabilities was inves-
tigated in this study. The flow stability was de-
termined via the spectral dynamics from in-situ
inline optical imaging as well as pressure fluc-
tuations and preliminary results are here pre-
sented.

INTRODUCTION

During polymer melt extrusion processing, ex-
trudates can exhibit surface and volume de-
fects. These defects are known as extrusion
melt flow instabilities. Comprehensive reviews
on the topic of melt flow instabilities can
be found in the works of Denn,! Hatzikiri-
akos and Migler,2 Larson® and Leonov and
Prokunin,* among others.> In the case of lin-
ear/short chain branched polymer melts, the
main recorded instability types are sharkskin,
the stick-slip instability and gross melt frac-
ture,*2% which have been the focus of most
of the scientific research on the subject. How-
ever, surface and volume oscillations can addi-
tionally occur in long chain branched polymers
as well.’> Overall, a wide variety of flow pat-
terns can be obtained by varying the molecu-
lar topology, molecular weight, the polydisper-
sity index (PDI = M,,/M,, where M,, and M,
are the weight and number averaged molecu-
lar weights) of the melt, the kinematic condi-
tions, e.g. shear rate, and boundary conditions,
i.e. the flow channel material etc.’ The ensu-
ing patterns can be distinguished by the num-
ber of characteristic frequencies present in the
recorded patterns via high sensitivity instability
detection dies coupled with optical image anal-
ysis.>» 78 Pressure fluctuations can be linked
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to extrusion flows exhibiting instabilities, typ-
ically limited to the stick-slip and gross melt
fracture regimes in conventional melt pressure
transducers’-® compared to the sensitivity of
measurement systems based on piezoelectric
transducers capable of detcting fine surface de-
fects, e.g. sharkskin.'%12 In this framework,
the influence of molecular weight and long
chain branching of low density polyethylenes
(LDPE) on the onset and development of extru-
sion instabilities was investigated in this study.

EXPERIMENTAL

The extrusion flow stability experimental sys-
tem, Fig. 1, comprises a Brabender 19/25D
single screw extruder equipped with a com-

Figure 1. Overview of the experimental
extrusion system: (1) Brabender 25/19D single
screw extruder, (2) Brabender conveyor belt,
(3), (4), (5) melt pressure transducers, (6), (7),
(8), (9) camera (10) illumination system, (11)
slit die and (12) NI Data acquisition board.
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Figure 2. The four low density polyethylenes
tested, P1-4, with respect to their molecular
weight (M,,) and long chain branching (LCB).

pression screw (2:1) and a custom slit die
(W xH XL =20x2x 100 mm). The cus-
tom die allows for multiple (mechanical) pres-
sure channel measurements including the de-
termination of normal stress differences via the
‘hole effect’,” 13 see transducers (3) and (4) in
Fig. 1. Terwin 2000 700 bar transducers were
used, with transducer (4) flush-mounted for the
present study. The pressure data used to eval-
uate the experiments was acquired using trans-
ducer (3). The transducer signals were digitized
using a National Instruments data acquisition
board and acquired snd oversampled!'®-12-14
and using a custom LabVIEW routine.

Four commercial LDPEs (LyondellBasell;
P1-4) were compared. The samples allow for
the cross-comparison of increasing long chain
branching (LCB) at low and high molecular
weights M,,, Fig. 2. Samples P1 has the low-
est M,,, followed by sample P2 whereas sam-
ples P3 and P4 have approximately the same
M,,. At the same time, in terms of LCB, the
samples are paired as P1, P3 and P2, P4 with
the latter pair having higher LCB compared to
the former. The rheological characterization of
the polymers was performed on an Anton Paar
MRC702 TwinDrive equipped with a convec-
tion oven (CTD 450TD) and using a 25 mm
plate-plate geometry at 140° C.

For the flow stability, a die apparent shear
rate ramp rate of 7, = 0.039 s~! was imposed
to insure the same flow history, 7, was com-
puted based mass conservation between the
barrel/screw zones and the die.’> This corre-
sponds to a slope in screw speed of 7 = 0.0017
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Figure 3. Inline optical extrudate visualization
(single frame) of sample P4 at Wi = 230
(Ja =25s"!, n =65 rpm).

s~2 (0.1 rpm/s), the lowest allowed by the in-
strument. A die temperature of 140°C was im-
posed, low by processing standards but ensur-
ing instabilities are induced early in the shear
rate range investigated. The Weissenberg num-
ber, Wi, was used as control parameter for
flow stability as Wi = A},, where A is a poly-
mer characteristic relaxation time defined here
as the inverse of the angular frequency at the
crossing between the dynamic moduli. Inline
extrudate optical video recordings were per-
formed at 60 and 200 fps, with spatio-temporal
diagrams ((x,7) and (x,t), see Fig. 3) there-
from created. Simultaneously, in-situ mechan-
ical pressure fluctuations were recorded via
transducer (3), Fig. 1. Both the mechanical
pressure data and the grey image intensities
were then analyzed via Fourier-transformation
and compared. The samples were then com-
pared in terms of spectral dynamics of the two
signals. Complementary, SEM analysis of the
extruded samples was performed. In this publi-
cation, a brief outline of the preliminary results
is presented.

RESULTS AND DISCUSSION

The rheological characterization (linear vis-
coelasticity) of the samples tested at process-
ing temperature (140°C) is presented in Fig. 4.
The viscosity function follows the variation of
M,, as stated. The determined crossing of the
dynamic moduli, taken as characteristic poly-
mer relaxation time, were Ap; = 1.51's, Ap, =
0.63s, Ap3 =0.14sand Apy = 0.11s.

The presence of instabilities was detected



ANNUAL TRANSACTIONS OF THE NORDIC RHEOLOGY SOCIETY, VOL. 25, 2017

Ir]*l GI GII In*l GI GH
e Ao v Pq o & v P3
1065
105*5
o
]
o 10%4
= E
*
LSy
10%4
1024

w / rad/s

Figure 4. The complex viscosity and dynamic
moduli functions for the materials investigated.

for all samples using the image analysis and
in-situ mechanical pressure signals, similar to
the results of Kadar et al. (2016).> As expected,
the characteristic instability frequencies at on-
set are one order of magnitude lower compared
to linear / short chain branched polymers, typi-
cally £.;, o< 10° Hz compared to f,j, o< 101> Two
types of instabilities were detected, primary (at
the onset of instabilities) having one charac-
teristic pattern frequency, #f., = 1 and sec-
ondary (supercritical) having two characteristic
frequencies #f,, = 2, respectively. In the case
of the secondary instabilities, a frequency typi-
cally a magnitude lower compared to the main
characteristic frequency is superimposed on the
main frequency. Examples of mechanical pres-
sure, p(t), variation with time and Weissenberg
number (upper axis), Wi, with markers at the
onset of instabilities are shown in Fig. 5 for P1
and P4. In terms of the onset instabilities, Both
increasing M,, and increasing LCB had a sta-
bilizing effect on the onset of instabilities as
the onset of instabilities occurred at Wi, =
4 (Yo =6.2 s71, n =16 rpm) for PI, hav-
ing the lowest M,, and LCB content, whereas
Wicr1 =29 (¥, =3.1s71, n =8 rpm) for sam-
ple P4, having highest M,, and LCB. The LCB
appeared to have a slightly greater influence as
Wicp1 =13 (7, =19 s71, n =5 rpm) for P3
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Figure 5. Oversampled time dependent
mechanical pressure, p(t) for samples (a) P1
and (b) P4, featuring the onset and
development of instabilities.

compared to Wi, =6 (7, =3.9s 1, n=10
rpm) for P2. The critical parameters for the on-
set of instabilities showed approximately 15%
error between measurements (hatched regions
in Fig. 5). Samples P3 and P4 able to achieve
higher Wi numbers in the shear rate range and
the temperature investigated are prone to sec-
ondary disturbances at Wi =80 (y, =11.6s71,
n = 30 rpm) for P3 and Wi = 120 (y, = 12.8
sl n=233 rpm) for P4. In both cases, low
frequency surface distortions (ca. 5- 1072 Hz)
were detected on the extrudates at onset. How-
ever, these initial distortions developed to full
volume distortions only for sample P4, in con-
trast to P3. An example of spatio-temporal dia-
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Figure 6. Spatio-temporal (x;,7) visualization of a complete test for sample P4. The imaging data
corresponds to the the pressure data in Fig. 5(b).

gram, (xp,7), showing the pattern development
during extrusion for sample P4 is presented in
Fig. 6. In the figure, shaded areas can be de-
tected, starting with Wi = 120 (e.g. detail - B),
however, they appear fully developed into vol-
ume distortions only later (e.g. detail - C). Al-
together, the preliminary results point out to-
wards interesting extrusion instability features
in long chain branched polyethylenes with re-
spect to their molecular properties, e.g. molec-
ular weight, long chain branching, that deserve
further exploration.
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