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Detection of trace amounts of polyethylene terephthalate in
polypropylene

Executive Summary

Recycling plasticis an important process to reduce waste and pollution. A key
component of recycling plastic is separating the various types of plastic. Thisis done
before the plastic is reprocessed to pellets or into a new form; however, trace
amounts of other polymers can remain. These remnants can affect the material
properties of the recycled plastic in its new usage, requiring research into the effects
ofthe recycled plastic on the productand new procedures for quality control.

For polypropylene (PP), a common concern is the presence of polyethylene
terephthalate (PET). Many materials made from PP also contain PET which is difficult
to sort using optical sorting equipment and can affect a new product made using the
recycled material due to difference between the two plastics. DSC provide a simple
and effective test method to distinguish between the two materials, even atlow
quantities of the contaminant material.

The NEXTA DSC600 provides fastand precise analysis of plastic samples and, with its
high sensitivity, even trace contamination can be detected.
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Analytical Solution

The NEXTA DSC600 is an excellent tool to look at the exothermic energy associated with the curing of
the material. Even when using a small amount of the material, it is possible to observe even minute
residual energy with the cure. By comparison to an uncured sample, the degree of cure can be
calculated. One possibility with this testing is the release of any gaseous byproductfrom the sample
associated with the curing exotherm. Therefore, it is important to use pans that are hermetically
sealed and can withstand elevated pressures that may be generated during the test. If the pan
cannot withstand the pressure, it may rupture, and the material will need to be retested, and the
furnace and sensor cleaned. In some cases, the amount of material to be tested may depend on the
pressure the pan can withstand, especially with a sample of the raw resin. In the case of partially
cured samples, it may be possible to test in a standard crimp pan, butit is recommended to test in
the hermetic sealing pan in case of an under-cured sample releasing vapours. Sometimes a pan with
a pinhole can be used as this prevents the pan from rupturing since the gas released by the resin can
escape. However, using these pans often resultsin the fumace needing frequent cleaning, so a

pressure resistant hermeticsealing pan is recommended.

Key benefits of using
NEXTA DSC600

—High sensitivity and excellent resolution to detect the smallest thermal
events

—50-position autosampler for easy-to-use automation of both sample
pans and reference pans, allowing operators to work on other activities
while testing

—Automated sample sealer to ensure your pans are properly sealed every
time, regardless of operator skill levels, improving the repeatability of
your results

—Multiple cooling systems (electric, LN,, air) with an option for
simultaneous installation for easy switching between the options

—Optional Real View® sample observation unit to observe samples

changes in real time and links the images to the temperature and time
data for easy analysis
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Background

Polypropylene (PP) is a widely used polymer fromfood packaging, car parts, electrical products, and
many other. Its widespread use leads to a large market in recycling where it can be reprocessed for
usage in new applications. Alarge concern in recycling is the presence of contamination from other
polymers, such as polyethylene terephthalate (PET). Many recycled materials are composed of
multiple materials, or the materials are recycled together and separated atthe recycling facility. If
even trace amounts of another polymer are present, the material properties of the desired polymer
may be affected. In the case of PP, trace amounts of PET can lead to early failure of a product made
with recycled materials.

Detection of trace amounts of PET contamination is possible using DSC by a heat-cool-heat method.
The first heat can provide information on the processing of the material which may be important in
the quality control process to understand the processing conditions. The cooling step is necessary
after fully melting the sample to remove the heat history of the sample and to remove any stress
from the manufacturing process or the sample preparation. This allows the second heat to provide
information on the raw material without the influence of the processing conditions and with a
standardized heat history so thatresults may be compared accurately.

Analysis data

Testing was done using small sample sizes of 5 mg. PET was present in 1% and 2.5%. By testing under
50 mL/min of N, from RT-300°C at 10°C/min, cooling at 10°C/min, and reheating as before, the
melting point of the polymers can be separated clearly. Standard samples were tested for
comparison.

In the standard samples (Fig. 1), clear differences can be seen between the two materials. Since the
transitions in both materials are well separated, a heating rate of 10°C/min can be used. In other
materials where the transitions may be closer together, a slower heating rate may be necessary to
ensure good separation of the transitions.

In the blended samples (Fig. 2), the PET transition is clear. A measurable difference is detected and
quantified between 1% PET and 2.5% PET.
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Figure 1. Overlay of a PET standard sample (red) and a PP standard sample (green)
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Figure 2. A PP sample blended with: 1% PET (top) and 2.5% PET (bottom).
An enlarged view of the PET melting peak is shown.
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Summary

Hitachi’s DSC series instrumentation offers a highly robust testing system with a baseline stability of
15 pW which allows you to be confident of your results. Cooling can be provided by an electronic
cooling unit or Liquid Nitrogen (LN,), and both can be installed simultaneously to allow for easy
switching between cooling times. Additional equipment can also be included such as a Real View®
sample observation is also available to observe samples during testing, an automatic lid and
autosampler, which can hold up to 50 samples, a UV-irradiation system for performing photo-DSC
measurements, and a safety cover to protect both the instrument and operator during
measurements.

Questions?

Contact Hitachi High-Tech America, Inc. at hha.contact@hitachi-hightech.com. You can find more

information on our website : https://hha.hitachi-hightech.com/en/product-
range/products/thermal-analyzer-series/differential-scanning-calorimeters-dsc-nexta-dsc600-and-
nexta-dsc200
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