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The production of automotive products from polymeric materials represents operations associated with
the flow of material during its shaping to the desired final mold. The technological aspects of the pro-
cessing of polymeric materials are closely related to the rheological properties. The article deals with
adding technological waste from production to virgin material and its influence on rheological or flow
properties of selected polymer composite. The analyzed material is used in the manufacture of compo-
nents (connectors) in the automotive industry. The rheological properties were measured in two stages.
In the first stage, rheological properties were assessed in the short term immediately after preparation of
the test samples. In the second stage, half of the samples were exposed to elevated temperature and the
effect of aging on the rheological properties of the material was monitored. Based on measured MVR
values before exposure to elevated temperature, it can be said that the amount of process waste does not
significantly affect the flow properties of the polymer. After exposure to elevated temperature, there is a
significant decrease in polymer flow properties probably due to the crystallization of the macromolecular

chain.

Keywords: Rheological properties, Composite, Automotive, Technological waste

1 Introduction

The manufacture of articles made of polymer com-
posite materials represents operations associated with
the material flow during shaping of the material into
the finished product final mould. The rheology of po-
lymers constitutes a complex branch of industry. In
their diversity of structure, molecular weight, inclu-
ding weight distribution, different polarity, the exis-
tence of intermolecular interactions, polymers repre-
sent materials with a great variety of properties. The
rheological characteristics are closely related to the
technological aspects of polymer processing, because
most of the processing technologies of polymer mate-
rials are based on their processing in the melt, where
the polymer flow or its deformation occurs in the melt
or in the solid state. [1], [2]

In order to establish the processing properties of
polymeric materials, it is necessary to know the prope-
rties that affect such materials’ susceptibility to physi-
cal and chemical changes in structure and the proper-
ties demonstrating themselves in course of processing
polymeric materials. The processability thus defined is
of great practical importance, and knowledge of the
same is applied to the polymeric material processing.
Typical for workability are parameters the certain pro-
perties of which are established under certain conditi-
ons. The knowledge of these indicators makes it pos-
sible to obtain a comprehensive picture of the mate-
rial's processability. [3-5]

The Melt Flow Index (MF]) is an important com-
ponent of overall information about the correct pro-
cessing of polymers, as well as information on the se-
lection of technological parameters in the process of
their processing. The MFI value is reported by all ma-
nufacturers of thermoplastic granules and is one of the
key indicators of the thermoplastic materials classifi-
cation. [0]

Several factors influence the polymer flow proper-
ties. The most important of them are the polymet's
chemical and molecular structure. Thus, by determi-
ning the melt viscosity, the degree of polymer degra-
dation can be evaluated indirectly. Due to the fact that
the polymer melt is a pseudoplastic material, it is pre-
ferable to assess the melt's flowability instead of its
viscosity. In industrial practice, the method of esta-
blishing the melt index for this purpose has proved to
be effective when done at the initial inspection in the
production plants. [7]

The recycling process in the production plant is an
effort to eliminate plastic waste with the help of the
so-called waste-free technological processes. This is a
production process that involves comprehensive use
of raw materials and energy in the cycle so that no im-
pact on the environment interferes with the environ-
ment’s normal functioning. This effort to emulate the
natural cycle in the planning and management of in-
dustrial enterprises also requires changes in the econo-
mic system. So far, waste-free technology remains at
the level of theoretical considerations or is applied in
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the design and subsequent implementation of new
production processes. [8], [9]

Therefore, the current trend is to apply recycling
principles in terms of the treatment and re-use of
waste already generated. This faster and yet simpler
option is enabled by development and deployment of
recycling technologies. The main feature of recycling
technology is its relative independence in the techno-
logical layout. [10], [11]

The aim of the present paper is to assess the effect
of the addition of technological waste to the virgin ma-
terial on the flow properties of the polymer compo-
site. This effect was monitored in two phases. In the
first phase, the impact was assessed in the short term
and in the second phase, it was assessed from the long
term perspective.

Tab. 1 Basic material properties of the tested material [12]

2 Description of the material and the met-
hods used

This chapter provides a detailed description of the
test material and the research methods that were ne-
cessary to apply to achieve the results.

2.1 Material description and test samples preparation

A polymer composite with the trade name of Ul-
tradur B 4406 G6 Q717 was chosen as the test mate-
rial. A composite with the polymer matrix PBT (poly-
butylene terephthalate) filled with 30 % glass fibres is
intended for production of components for automo-
tive industry by injection technology. It is designed for
products requiring increased resistance to burning
(potentiometer parts, plugs and sockets of connectors,
switches, etc.). An overview of the basic material pro-
perties of the composite is given in Table 1.

Physical properties Value Unit
Density 1650 kg/m?
MVR volume flow index (275°C/2,16 kg) 22 cm?3/10 min
Absorbability 0.4 Yo
Viscosity number 108 cm’/g
Mechanical properties Value Unit
Tensile elasticity modulus 11300 MPa
Breaking stress 145 MPa
Elongation at break 32 %
Creep module in tension 7500 MPa
Charpy impact resistance (+ 23°C) 60 kJ/m?
Charpy impact resistance (- 30°C) 55 kJ/m?
Notched Charpy impact resistance (+ 23°C) 10 kJ/m?

Before the experimental measurement, it was ne-
cessary to prepare the test bodies, which consisted of
mixing recycled material in the form of pulp with the
virgin granulate. Mixing was carried out manually in a
specified amount corresponding to the recycled con-
tent in the virgin material of 0, 10, 20, 30, 40, 50, 60,
80 and 100 weight percent, respectively. From the mi-
xture (batches) prepared in this way, multipurpose
type A test specimens were injected according to STS
EN ISO 3167 or 1.4 according to STS EN 1SO 527-
2. These specimens were subsequently used to esta-
blish the mechanical properties.

The injection moulding process was carried out on
a standard Demag D 60 - 182 injection moulding ma-
chine of a column structure at JMP Plast. The material
was dried according to the conditions given in the re-
levant material data sheet before processing and tes-
ting. At the end of the production cycle, all specimens
were conditioned under standard conditions of 23/50.
From the bodies prepared in this way, the granulate

was recovered mechanically in a shredder.

Half of the test bodies to simulate the life of the
mouldings depending on the recycled content were
subjected to an elevated temperatutre of 150 °C (PBT)
in a hot air oven with forced air circulation for 500
hours.

2.2 Establishing the melt volume rate (MVR)

The Melt Flow Index (MF]I) is a standardized tech-
nological test of thermoplastics to assess flow propet-
ties. From the processing process viewpoint, it is clo-
sely related to the length of the macromolecules of po-
lymeric materials. As the length of the polymer macro-
molecules decreases, the flowability of the melt or the
melt flow index increases and conversely the strength
and stiffness of the material goes down. [13]

In practice, the method of establishing the melt
flow index is used to monitor possible variations in
molecular weight of the polymer supplied from che-
mical works. Based on this method, it is possible to
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quickly evaluate the quality of the input material and
hence eliminate the production of nonconforming
parts. The method can also be used to monitor ad-
verse effects of high processing temperatures and
shear stresses on the product's molecular structure.
The test is performed using a so-called extrusion rhe-
ometer, which is a measuring device.

The principle of the method is to establish the
mass or volume of the polymer melt that is extruded
from a rheometer cylinder by a nozzle of defined di-
mensions under predetermined temperature and load
conditions. The melt flow index is expressed in grams
pet ten minutes (g/10 min) and is referred to as the
melt mass flow index, or in cubic centimetres per ten
minutes (cm?/10 min) and is referred to as the melt
volume rate. The method of establishing the mass or
volume melt flow rate is described in detail in the in-
ternational standard STS EN ISO 1133-1. [14]

Measurement of melt flow volume rate was perfor-
med at the Technical University of Liberec, Faculty of
Mechanical Engineering, Department of Engineering
Technology. The extrusion rheometer at which the
measurement was made is shown in Fig. 1.

Fig. 1 MeltFlow Index Tester extrusion rheometer (1 control
panel, 2 ¢ylinder, 3 piston, 4 weights)

A sample from each batch to be measured was
crushed to smaller particle size to fit into the extruder
rheometer cylinder. The test material had been dried
in a Binder VD 53 vacuum oven at 130 °C for 14
hours prior to measurement. After drying, its residual
moisture was checked on a Metler Toledo HX 204/M
moisture analyser. Before starting the measurement,
the working cylinder of the apparatus was allowed to
warm to 275 °C for at least 15 min. The device was
then calibrated using a calibration roller. Subsequently,

the comminute dried material was dosed into the cy-
linder and manually pressed by a rod to prevent the
presence of atmospheric oxygen. [15]

Preheating was carried out with a piston weighing 2.16
kg for 5 min. After this time, the nozzles were opened,
and the evaluated polymer was allowed to flow freely.
The measuring device recorded the time required to
move the piston along a specified path that was used
to calculate the melt flow index. [16], [17]

3 Description of the achieved results

The melt volume rate (MVR) was measured in ac-
cordance with STS EN ISO 1133-1. The graphical de-
pendence of MVR on mass ratio of technological
waste in virgin material was compiled from the MVR
values obtained. As has been mentioned, the measure-
ment took place in two phases. In the first phase, short
term rheological properties were assessed immediately
after the test samples had been prepared. In the se-
cond phase, half of the samples were exposed to ele-
vated temperature and the effect of aging on the ma-
terial's rtheological propetties was obsetved.

Based on the measured values and generated
graphical dependence of MVR on the weight ratio of
technological waste in the virgin material, which is
shown in Fig. 2, it can be said that with an increasing
weight ratio of the technological waste in the mixture,
no significant increase in the melt flow rate values
occurs. Figure 2 shows the mean values of the melt
flow index MVR with error bars, which represent the
standard deviation of the measured values.

The PBT_V label in the graph represents a batch
of virgin material that has not been thermally degra-
ded. Technological waste in the form of recycled ma-
terial was added to this material. The virgin material
had an MVR value of 23 cm?/10 min. The PBT_R la-
bel indicates a batch of recycled material that has been
made from virgin material. This recycled material was
then added to the virgin material in the stated percen-
tages. The MVR value of the recycled material was
27.1 cm?/10 min. For a material with zero technologi-
cal waste ratio, the MVR was 37.6 cm?/10 min. The
addition of additional amounts of technological waste
resulted in a slight increase in MVR. The highest value
was recorded when the technological waste accounted
for 60 % of the mixture, which is represented by the
value of 44.3 cm3/10 min. The MVR value at 100%
technological waste was 41.9 ¢cm3/10 min.

Fig. 3 shows the MVR dependence on the mass
fraction of technological waste in virgin material after
exposure to elevated temperature with error bars,
which represent the standard deviation of the mea-
sured values. As can be seen in Figure 3, due to the
action of activation energy during the aging process of
the parts (500 h), there is a significant reduction in the
MVR value and a decrease in the life of the parts due
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to the presence of recycled material in the virgin ma-
terial.
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Fig. 3MV'R dependence on the technological waste weight ra-
110 after exposure to elevated temperature

At zero technological waste, the MVR value drop-
ped from 37,57 cm3/ 10 min to 3,34 ¢cm?/10 min, a
decrease of 91,1 %. For other percentages of techno-
logical waste in virgin material, the MVR values
showed identical differences. This is probably due to
the additional recrystallization of the macromolecular
chain, since the composite material at hand is a semi-
crystalline polymer.

4 Conclusion

The aim of the paper was to assess the effect of the
addition of technological waste to the virgin material
on the flow properties of the polymer composite in
the production of components for the automotive in-
dustry. The research was divided into two phases. In
the first phase, the impact of adding technological
waste to the virgin material was assessed in the short
term. In the second phase, the impact of the addition
was assessed in the long term, i.e. from the aspect of
the parts' service life. It follows from the values meas-
ured and from the graphical dependencies that no sig-
nificant increase in the values of volume index of melt
flow occurs with increased weight ratio of technolog-
ical waste in the mixture. Thus, it can be stated that in
reprocessing of the material, no degradation of the

same occurs, i.e. no split and shortening of the mac-
romolecular chain, which would be demonstrated in
the melt's increased fluidity. A substantial drop in the
material's fluidity was found in the second phase,
which means that adding technological waste has no
effect on the parts' service life.
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