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Recyclates on the Test Bench

Incoming Goods Inspection of Recyclates Ensures Reject Minimization

Recyclates usually show altered properties compared to virgin plastics due to initial processing and influences

during the product’s life. This often leads to problems during processing. Especially in melt-expanding pro-

cesses such as injection stretch blow molding, blow molding, film blow molding or thermoforming a fast incom-

ing goods inspection method for recyclates is important. The Institut fir Kunststofftechnik (IKT) at the Univer-

sity of Stuttgart, Germany, has developed a new test method for this purpose.

he responsible use of resources and

raw materials is becoming increas-
ingly important these days and poses
challenges, for example in the disposal
of waste and its return to the cycle. The
Recycling Management Act (Kreislauf-
wirtschaftsgesetz) manages regulations
on the disposal and recycling of waste
since 1996 in Germany or at European
level by EU Directive 2008/89/EC (Waste
Framework Directive). The main pur-
pose of those regulations are to con-
serve natural resources, to regulate the
avoidance, recycling and disposal of
waste, and to separate and sort recy-
clable materials. Plastics, especially
thermoplastics, are particularly suitable
for this purpose. [1]

In plastics technology, recyclates are
therefore increasingly used for produc-

Fig. 1. The new and
fast test method
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tion of plastic products. In 2017, around
12.6milliont of plastic from primary raw
materials and 1.76milliont from recy-
clates were processed in Germany. Plastic
waste was almost completely recycled by
the waste management industry. In the
same year, 46% of all plastic waste was
materially recycled, 1% of raw material re-
covery and 53% thermally utilized [2]. Re-
cycling rates are increasing every year
and are expected to reach 63 % of materi-
ally recycled plastic in 2022, according to
the German Federal Ministry for the En-
vironment [3]. Plastics, including those
from packaging, therefore not only have a
“short life’, but also several life cycles in a
variety of applications. Therefore, it is es-
sential to identify the mostly unknown
material properties of recyclates before
processing and/or post processing.

Influences of Recycling on the
Material Properties

The processing of recyclates poses some
challenges and difficulties. On the one
hand, due to the shape of the recyclates,
e.g. as a regrind, which can very often
lead to a change in the processing pro-
cess due to changes in bulk density de-
pending on the regrind content and
shape [4]. On the other hand, the material
properties are often changed after pre-
vious processing and usage. This is manly
caused by contaminations or mixing of
the different types of plastics during the
sorting process, but also by possible
chemical, physical or mechanical aging
and the associated degradation of the
polymer chains during the life cycle [1, 5].
Reasons for contamination or degrada-
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Fig. 2. Influence of recycling cycles on the shear viscosity of polystyrene at 220°C source: IKT, graphic: © Hanser

tion are the constantly growing amount
of processed recyclates and the associ-
ated mixing during the recycling process,
the different life cycles as well as appli-
cations (e.g. coloring, fillers, additives)
and areas of usage (e.g. media influence)
of the plastic products, which are ulti-
mately returned to the processing pro-
cess as mixed recyclates [5].

The effect of degradation can be il-
lustrated by measuring the shear viscos-
ity of polystyrene (type: PS165N, Ineos
Styrolution, Frankfurt am Main, Germany)
and its recyclates at the IKT using a ro-
tational rheometer (type: Discovery HR-2,
TA Instruments, New Castle, DE/USA). The
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PS recyclate was produced at the IKT
using a twin-screw extruder (type:
75K26, Coperion GmbH, Stuttgart, Ger-
many). After the twin-screw extrusion
process, the recyclates are then strand-
granulated, dried and fed back into the
twin-screw extruder. The changes in ma-
terial properties of the recyclates can
thus be analyzed as a function of the re-
cycling cycles compared to virgin materi-
al. Looking at the curves, it is important
to note that a double logarithmic plot is
applied. Although, the zero shear viscos-
ity (w=>0rad/s) seems similar, but they
are quite different with 5082 Pa-s, 5719 Pa-s
and 6612Pa-s. Therefore, when the PS is
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recycled five and ten times, viscosity is
found to be reduced by 135% and
23.1%, respectively compared to virgin
PS (rig.2). The changes in viscosity not
only have an influence on the pressure
requirement of the process, but also on
the mechanical properties of the pro-
duced component.

In order to minimize or even prevent
rejects, it is therefore essential to analyze
and identify the material properties of the
recyclates before processing by means of
a suitable incoming goods inspection.
Established methods such as melt flow
index measurement, tensile tests or in-
frared spectroscopy already exist for this
purpose. However, these tests are not
suitable to directly test the elongational
properties of the melt of recycled plastics.
Those properties are particularly import-
ant for processes such as injection stretch
blow molding, film blow molding, blow
molding or thermoforming.

Novel Test Method for Recyclates
atthe IKT

To determine the elongational properties
of the recyclates without an additional
production step of a semi-finished prod-
uct or a test specimen, a novel test
method was developed at the IKT and
submitted for patenting to the Ger- »
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Fig. 3. Schematic sequence of the novel test method to analyze and identify the melt extensibility of recycled plastics Source: KT, graphic: © Hanser
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Fig. 4. The advantages of the new test method lie in the fast and simple handling of the test procedure Source: IKT, graphic: © Hanser

man Patent and Trademark Office, Mu-
nich, Germany (Fig.3) [6]. The great ad-
vantages of the developed method are
the simple handling of the test pro-
cedure, which runs as fast as a melt flow
index measurement. Furthermore, real
as well as close-to-process deformations
(biaxial deformation) and velocities can
be tested.

The test sequence involves the recy-
clates being fed to a melting cylinder by
a hopper. The melt is then compressed
by a piston and extruded through a spi-
ral mandrel die to form a melt tube. The
melt tube is closed after exiting the die.
Subsequently, the sealed melt tube is in-
flated by means of compressed air until
defect. During the inflation process of
the melt tube, images are captured and
recorded for monitoring and analysis of
the inflation behavior. The evaluation of
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the images and image sequences over
the inflation time is done by means of an
image analysis software (Fiji, Image)).
Thus, the biaxial deformation and the
elongational properties of the recyclate
melt can be analyzed as a function of
temperature as well as of the applied air
pressure and thus the deformation rate.

The test procedure is automated by
the use of a microcontroller. An electri-
cal driven piston with a maximum force
of 15kN is used to compress and convey
the melt through the cylinder and the
spiral mandrel die (Fig.4). The pneumatic
directional control valves are controlling
the closing and inflation unit. Through a
control signal from the microcontroller
the system actuates the pneumatic pis-
tons of the closing unit and starts the in-
flation process. The inflation conditions
are adjustable by a pressure and flow

controller before the start of the experi-
ment. The five temperature zones along
the cylinder and spiral mandrel die can
be set and controlled separately. The re-
sulting extrusion pressure is detected
upstream of the spiral mandrel die. As a
result, process control is significantly im-
proved and irregularities are detected
prior to measurement of the melt ex-
tensibility. Furthermore, the pressure
measurement is directly coupled with
the emergency shutdown of the piston,
which ensures safe operations of the test
procedure. The measurement sequence
allows the extrusion speed, closure time,
inflation time and camera recording
time period of the test to be optimally
adjusted to the recyclates tested. The
geometry of the extruded tube can be
modified by different wire guides and
die inserts in the spiral mandrel die.

Inflation pressure
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Fig. 5. Time sequence and development of the melt tube during inflation of PS virgin material at 240°C source: IKT, graphic: © Hanser
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Fig. 6. Pressure dependency analysis of PS virgin material at 240°C

Source: IKT, graphic: © Hanser

Measuring the Melt Extensibility
of Recyclates

The melt extensibility measurements of
the recyclates are carried out at an inner
tube diameter of 4mm and an outer di-
ameter of 6mm. The time sequence and
development of the extruded melt tube
during inflation up to defect or bursting
was analyzed for PS virgin material at
240 °C and at inflation pressures of 0.6 bar
and 0.8 bar.

Onwards after three seconds of test-
ing, the pressure difference becomes di-
rectly visible within the images during in-
flation (Fig.5). It can be seen that the
measurement at 0.6 bar lasts longer until
bursting or defect of the melt tube than
at 0.8 bar. For quantification, the diameter
of the melt tube is evaluated in each
image sequence over the inflation pro-
cess at the same distance from the outlet
of the die. The point of evaluation can be
chosen freely. However, all images should
be analyzed at the same point from the
outlet of the die, so that the different ex-
periments are always evaluated at the
same point and are thus comparable. The
comparison of the inflation curves as a
function of pressure is shown in a graphic
(rig.6). Due to the higher inflation press-
ure, the melt tube is inflated faster and
thus also fails earlier compared to the in-
flation pressure of 0.6 bar. The images at 5
and 65 are not evaluated for 0.8 bar and
0.6bar, respectively, because the melt
tube had already burst open by then.
Since the measurements are performed
on virgin material and are corresponding
to the expected behavior, it can be as-
sumed that the measurement procedure
is correct.
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The experiments with recyclates are
carried out at constant process par-
ameters. The relationship between the re-
duction in viscosity (see Fig.2) and the as-
sociated reduction in the internal cohe-
sion of the polymer chains against an ex-
ternal force can be seen clearly for recy-
clates. This results in a stronger growth of
the diameter of the recyclates melt tube
compared to the measurements of virgin
material or reference material. In order to
classify measured recyclates and evaluate
their influence on elongational proper-
ties, they always have to be compared
with other recycled batches or virgin
materials of the same grade. Recycled or
virgin materials of a batch with a produc-
tion of components without process or
quality problems are suitable as refer-
ences for analysis and comparison. Such a
comparison was made for the virgin PS
and its recyclates after being recycled five
and ten times (Fig.7). Similar to Figure 2, the
influences of the recycling cycles can be
seen. However, with the difference that
the elongational behavior is analyzed.

If the measurement of the present
recyclate or batch thus deviates from a
reference curve, it can be assumed that
process fluctuations may occur due to
changed material properties.

Conclusion and Outlook

With the test method developed for ana-
lyzing the melt extensibility of recyclates,
it is possible to quickly and easily test dif-
ferent recyclates in terms of incoming
goods inspection for processes such as
injection stretch blow molding, blow
molding, film blow molding or thermo-
forming. By comparing to a "good” refer-
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Fig. 7. Behavior of melt extensibility during inflation at 0.6 bar and 220°C

ence measurement, the suitability of the
recyclate can be checked in a straightfor-
ward manner, as with an MFI measure-
ment but for elongational properties.

In the next steps, the transferability of
the results obtained so far with the novel
test method will be further investigated
and compared on the basis of blow
molding and thermoforming experi-
ments with various virgin materials and
their recyclates. Furthermore, the use of a
digital image correlation system is to be
further considered for application. By
that, strain deformations and strain rates
during inflation can be examined over
the whole melt tube. m
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