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Summary
This article presents the possibilities of using the waste material obtained from the vehicle fuel tank (high
density polyethylene PE- HD) as an addition to products. The waste material is added to the original polymer in
an amount of 10% , 20% and 30%. The following tests have been performed during the research: differential
scanning calorimetry DSC, static tensile test, hardness degree determined by pressing a steel ball, and also
optical microscopy of obtained breakthroughs in samples made of liquid nitrogen. In addition, there has also
been performed an analysis of mixture of original polyethylene that contains 10%, 20 % and 30 % of HD - PE
polymer, which has been turned back for recycling from the production line. The aim of the research is to
determine the recycling possibilities of polymeric materials obtained from the waste that emerged on the
production line and in the fuel tanks of vehicles which were withdrawn from use as materials that during the
utilization process have been subjected to a long-term connection with petroleum. Description of the
mechanical and structural properties is an attempt to answer the question concerning usefulness of polymeric
materials after utilization.
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Introduction
Dynamic development of polymeric materials and a wide range of their physical properties explain a rapid
increase in their production. In the late 80-s of the last century, world production of polymers was equal to
steel production. However, since 1990 the amount of polymers produced has exceeded the produced amount
of steel. Polymers have won their popularity in the market due to their wide range of both physical and
chemical properties, owing to a huge number of variations as well as numerous possibilities of their
modification [1-6].

Fig. 1. The global increase in the production of polymers and steel since 1950.
Source: [3]
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Fig. 2. Growth of demand for different types of polymers, where: *Other Thermoplastic Construction Polymers,
**Other Polymers.

Source: [7]

But there is a problem concerning the waste management after production. Nowadays, the most popular
solution is storing the waste materials, but the current EU Directives impose a ban on storing the waste
materials in landfills, which is tantamount to their re-processing. An alternative to the defaulting on landfills
polymers is recycling, which is a privileged recovery system because of the origin of molecular compounds from
non-renewable raw materials.

More companies are pursuing a policy of re-use of waste products by shredded and recycling them to the
production line, as mentioned by Bociąga E., Magaczewski P. in research work [8].

There are several ways to reuse the waste of polymeric materials:
 material recycling – is about grinding the polymer and then molding it by means of injection or

extrusion. As a result, we get a ready-to-use product.
 chemical recycling - is about obtaining simple compounds (monomers) in order to produce some other

chemicals. The result of this type of recycling is a substance that has low molecular weight.
 energy recycling – is about using the waste material as fuel in the combustion process in order to

produce thermal energy.
 product recycling – is about reusing the polymeric material as a spare part.
 organic recycling – is about processing of the waste of polymers, which are not generated from

petroleum. As a result, organic matter is obtained as well as water and carbon dioxide or methane,
depending on the method of cultivation [8-18].

Material, research methodology and sample preparation
The aim of the research was to analyze thermal and strength properties of high density polyethylene with the
addition of PE-HD waste from the production line and ground fuel tank (10, 20 and 30%). The normalized
testing samples (type A1) were prepared using an injection molding machine Krauss Maffei KM 65/160/ C1. In
the second step the testing samples (type A1) and a fuel tank were shredded together using a low-speed
grinder type Shini SG24 series. The next step was to prepare mixtures containing the waste polymer in
quantities of 10, 20 and 30%. And as a result, seven samples for the analysis were obtained.

Symbols applied for the research:
HDPE – reference sample obtained after the first injection,
HDPE + x% R0 – a batch of samples with the addition of the fuel tank grinding,
HDPE + x% R L – a batch of samples with the addition of the grinding, which was turned back for recycling from
the production line.
x – amount of the added material in the mixture.
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Injection parameters during the preparation of test samples:
 Injection pressure: 120 MPa,
 Injection speed: 50 mm/s,
 Holding pressure: 60 MPa,
 Injection time: 1,4s,
 Holding time: 18s,
 Cooling time: 15s,
 Mold temperature: 50oC

The temperatures of individual heating zones in the plasticizing system are summarized in Table 2.

Tab. 2. The temperature of heating zones in the plasticizing system

Number of a heating
zone 1 2 3 4

Temperature [oC] 215 205 195 185

Source: Author’s

Following injection the sample were conditioning in temperature of 23 Celsius degrees by 48 hours. Strength
properties were determined by conducting a static tensile test using a Hegewald&Peschke universal testing
machine. There were 5 attempts out for each series. The samples were stretched at a speed of 50 mm/min,
which made it possible to determine the maximum tension and deformation of the tested samples. The
research were performed according to standard PN-EN ISO 527:1998. The strength analysis was performed
using a durometer with a spherical cavity (steel ball). The obtained value of the cavity was 132N. The research
were performed according to standard PN-EN ISO 2039-1:2004. Due to the heterogeneity of the tested
material and to the size of cavity, the Shore D method was omitted.

Thermal analysis was performed on the basis of differential scanning calorimetry using a DSC Phox 200PC
Netzsch machine. The test was carried out in a temperature range between 50 and 200°C at a speed of 10
K/min. The results are presented in the form of DSC thermograms and a table that contains characteristic
values marked on the cooling curves. The structure of breakthroughs achieved by stretching the samples
cooled in liquid nitrogen was also analyzed. The main purpose of using nitrogen was to get a brittle
breakthrough. Breaking the samples was omitted due to the complex tension state, in which the upper part of
the sample was stretched and the lower one was compressed.

Results of the research and comments
Fig. 3 and 4 show the curves recorded during the static stretching attempt (using the samples containing the
grinding from the tank and from the production line). The color black indicates the tensile curves of high
density polyethylene with no filler. The color green is assigned to the samples containing 10% of polymer
waste; yellow 20%; red 30%. The tension and deformation values are given in the table 3.

Fig. 3. Tensile curves of high density polyethylene and its mixtures with the addition of the grinding from the tank.
Source: Author’s
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Fig. 4. Tensile curves of high density polyethylene and its mixtures with addition of the grinding from the production line.
Source: Author’s

Tab. 3.  The PE-HD deformation and tension values, as well as mixtures containing the PE-HD waste with standard
deviations.

Symbol Tension σy, MPa Standard
deviations Deformation εtB, % Standard

deviations
PE-HD 28.678 0.825 124.01 12.669

PE-HD + 10% R0 26.443 0.243 142.45 10.820
PE-HD + 20% R0 26.364 0.153 258.83 13.832
PE-HD + 30% R0 25.195 0.487 127.02 8.165
PE-HD + 10% RL 26.526 0.437 167.66 7.586
PE-HD + 20% RL 27.334 0.202 130.77 8.228
PE-HD + 30% RL 27.606 1.417 154.49 13.024

Source: Author’s

Analyzing the results of stretching, we can observe that the polyethylene sample, which does not contain any
additives, has the largest tension value. By gradually adding 10% of the grinding originating from a fuel tank we
can observe a decrease of tension. However, when adding the grinding from the production line, we can
observe an opposite tendency, which is an increase of tension. Differences between these two values can be
caused by the compounds containing fuel, due to which we observe a decrease of tension. While analyzing the
RL batch, there has been recorded a growing trend caused by an increase of the amount of filler in the form of
thermally degraded material. Deformation values for the R0 batch, on the contrary, have a decreasing trend.
However, in both batches we can observe that the deformation values of the samples PE-HD + R0 and 30%
HDPE + 30% RL do not correlate with the previous observations. This may be caused by poor homogenization of
both polymers since they have a very diverse fractionation. As a result, a larger portion of the waste material is
plasticized slower than a smaller one. Figure 5 shows the change in hardness values of individual samples.

Fig. 5. Hardness values obtained by pressing the steel ball.
Source: Author’s
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Basing on the research we can see that an increased amount of the HDPE waste causes an increase in hardness
of the obtained PE-HD mixture. In case of the R0 batch, an increase of the HDPE waste amount reduces the
hardness. On the contrary, the RL batch shows the opposite behavior when the PE-HD waste is added.

Figures 6 and 7 show thermographic curves of the tested batches of samples of the polyethylene and HDPE
mixture (HDPE was not subjected to any modifications). The results obtained on the basis of thermograms are
summarized below in form of a table (tab. 4).

Fig. 6. DSC thermograms of the samples containing the grinding originating from the fuel tank with respect to the
unmodified PE-HD.

Source: Author’s

Fig. 7. DSC thermograms of the samples containing the grinding originating from the production line with respect to the
unmodified PE-HD.

Source: Author’s
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Tab. 4. Results of the analysis using the DSC method

Symbol Melting enthalpy
[J/g]

The degree of
crystallinity [%] Maximum m.p. [oC]

Melting range of the
crystalline phase

[oC]

HDPE 146.9 50.13 136.8 125.8 – 142.3

HDPE +10% R0 144.9 49.45 136.7 126.7 – 142.1

HDPE +20% R0 150.1 51.24 135.2 124.9 – 139.3

HDPE +30% R0 144.5 49.32 134.7 123.6 – 139.9

HDPE +10% RL 145.6 49.68 136.4 125.3 – 141.9

HDPE +20% RL 150.8 51.46 138.5 127.3 – 143.8

HDPE +30% RL 147.5 50.34 138.6 126.5 – 143.9

Source: Author’s

Analyzing the results obtained on the basis of differential scanning calorimetry, we may notice only a slight
difference between the values of the melting enthalpy, with the value very similar to the corresponding
polyethylene without additives. A similar correlation can be stated for the degree of crystallinity. Figure 8
shows the structure of the brittle breakthroughs in the sample of high density polyethylene. Figure 9 shows the
structure of breakthroughs in the samples, to which the PE-HD waste from the tank grinding was added in an
amount of 10, 20 and 30%. The structure of breakthroughs in the samples containing polymers from the
production line is shown in Figure 10.

Fig. 8. The structure of breakthroughs of the original high-density polyethylene
Source: Author’s

Fig. 9. The structure of breakthroughs of high density polyethylene with the addition of grinding originating from the fuel
tank in an amount of: a) 10% b) 20% c) 30%.

Source: Author’s
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While analyzing these images that show the samples structure we can observe a characteristic bright area
which is the core of the sample. Adding the waste material has led to an extension of the mentioned area.
Observing the brittle breakthroughs of the samples from the fuel tank, we can notice areas, in which the
fragments that have not fully melted.

In the figure 9b) we can see further delamination, or loss of consistency (the crack is formed along the section
of the sample located at the bottom of the breakthrough). It should also be mentioned that there are some
discontinuities caused by bad homogenization of the base HDPE polymer, which becomes the waste material
before filling it back into the machine.

Fig. 9. The structure of breakthroughs of high density polyethylene originating from the production line in an amount of: a)
10% b) 20% c) 30%.

Source: Author’s

For the samples containing ground HDPE recycled during the production stage, we can notice the ordered
structure containing some particles which were homogenized in a similar way as the base material.

Summary
The research shows that the increase of the amount of additive in the form of ground fuel tank causes a
decrease of tension. The waste originating from the production line causes an increase in tension, but the value
is still smaller than in case of the base polyethylene. For both batches, we can observe a larger deformation
than in case of HDPE, we can see the values increase in the RL batch, and the values decrease in the R0 batch.

Measurement of hardness using a device with a spherical indenter indicates a greater hardness of the samples
from the RL batch, which is growing together with increasing of the amount of the waste material added. It
should be added that the hardness of the reference sample is lower comparing to the one of this batch. But it is
larger than in the R0 batch, where the value decreases while the amount of the waste material increases.

In the case of thermal analysis using the DSC method, there were no significant changes in the melting enthalpy
and in the degree of crystallinity, which could only slightly change when there was a value close to the one
assigned for a base polymer.

Analysis of the structure of brittle breakthroughs points on the problem of poor homogenization between the
particles of the mixture particularly in the R0 batch, and also it points out that the polymer particles might not
be plasticized well enough. In addition, a part of the image of the sample containing 20% of filler from the tank
illustrates a crack along the cut indicating delamination of the material.

b)a)

c)
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When increasing the amount of the waste material, which has a diverse fractionation, we must carefully adjust
the processing conditions associated with its plasticization. This indicates the need to use regranulates instead
of regrind for the purpose of stability and repeatability of the physical properties of moldings.
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