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DSC Measurement of Polypropylene

Analysing heat-induced structural changes in polymer crystallinity using
the Hitachi NEXTA® DSC 200

Thermogravimetry (TG) is a thermal analysis technique
that is useful for evaluating thermal characterization of
materials, predicting material lifetimes, and quantifying
the composition of samples.

This application investigates the influence of heat treatment
on the crystallinity of polypropylene using differential
scanning calorimetry. By analysing the melting behaviour
and isothermal kinetics of PP in the Hitachi NEXTA DSC20o0,
the significant impact of heat on material properties is
highlighted.
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Introduction

Polypropylene (PP) is a crystalline polymer that is
cheap, excellent formability, resist water, chemical
resistant and high strength. Due to these characteristics,
it is used as a general-purpose plastic in a wide variety
of products, including food packaging, electrical
products, medical materials, car parts and synthetic

paper.

When PP is formed, its crystal formation changes
according to the heat treatment temperature and the
conditions of the cooling process. These changes create
differences in strength, heat resistance and pressure
bonding properties. Food-related products may be
thermally sterilized after packaging. Therefore, it is
important to understand how to manage the desired
crystallized state for the product and the effects of heat
treatment on crystallinity.
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In this application, differential scanning calorimetry
(DSC) is used to evaluate the crystallinity of PP molds.

Measurement

The samples were commercially available PP sheets. The
NEXTA® DSC200 differential scanning calorimeter was
used for the measurements.

Measurement condition 1 evaluated the temperature
dependence of crystal structure. An untreated sample
weighing 0.5 mg was heated from room temperature to
200 °C at 10 °C/min in a nitrogen atmosphere. In
addition, thermally treated samples were created by
heating them to 110, 115, and 120 °C and the quench
them. These samples were then measured under the
same conditions as condition 1.

Measurement condition 2 evaluated the temperature
dependence of crystallization. Samples weighing 3mg
were heated to 200 °C in a nitrogen atmosphere to melt
them. Next, they were quenched to 120, 123, 125, 127 or
130 °C and held at that temperature for 15 to 50 minutes.

Results

1. The effects of heat treatment on PP
crystallinity

Figure 1 shows the DSC curves for measurement
condition 1. All samples showed an endothermic peak
due to PP melting around 160 °C. Furthermore, on the
low temperature side of the endothermic peak, the
untreated sample showed a smooth DSC curve between
110 and 125 °C while the treated samples showed a
minute peak.

Figure 2 enlarges the results around 120 °C. The treated
samples showed minute endothermic peaks of several
tens of pW near their heat treatment temperatures. Each
heat treatment temperature produced a different crystal
structure. The peaks in the figure are considered the
melting points of these structures during DSC

concentration below detection limits to up to
single-digit ppt or sub-ppt-level (parts per trillion,
dependent on the compound) in water.
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Figure 1: DSC curves for Measurement Condition 1
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Figure 2: Enlarged views of the DSC curves for Figure 1

2. Measurement of isothermal
crystallization

Figure 3 shows the DSC curves for measurement
condition 2. PP crystallization produced an exothermic
peak at each holding temperature. The lower the holding
temperature, the sharper the peak and the earlier the
peak top occurred. The higher the holding temperature,
the broader the peak and the later the peak top occurred.
This occurred because the higher the temperature, the
greater the freedom of molecular motion, which makes

measurement. crystallization more difficult and increases the time
. .
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Figure 3: DSC curves for Measurement Condition 2
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required for crystallization to be completed. The

crystallization time can be investigated using these

Conclusion

and
This study emphasised the impact of heat treatment on

scanning calorimetry, it is possible to observe and
quantify the structural changes induced by varying
thermal conditions. Key finding in this analysis
highlight the importance of precise thermal analysis in
understanding and controlling PP’s final material

properties.

NEXTA DSC200

the crystallinity of polypropylene. Through differential
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